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AMERICAN    PUBLISHER'S 
ADVERTISEMENT. 


SO  recent  and  so  thorough  has  been  the  revision  which  this  work 
has  enjoyed  at  the  hands  of  the  English  Editors,  that  but 
little  has  remained  to  be  done  in  preparing  the  present  reprint ; 
while  the  enlargement  which  the  volume  has  necessarily  under- 
gone, in  the  introduction  of  the  most  modern  views  and  discov- 
eries, has  rendered  it  advisable  to  confine  the  additions  to  as 
moderate  a  compass  as  possible.  The  American  Editor  has  there- 
fore added  but  few  notes,  together  with  a  number  of  illustrations, 
and  has  directed  his  attention  rather  to  secure  the  accuracy  so 
essential  to  a  treatise  of  this  nature.  Especial  care  has  been 
devoted  to  the  formulse,  and  errors  have  been  corrected  wherever 
a  minute  supervision  has  been  able  to  detect  them. 

In  its  present  enlarged  and  improved  form,  it  is  hoped  that 
the  work  fairly  represents  the  existing  condition  of  the  science, 
and  that  it  may  be  found  worthy  a  continuance  of  the  very 
remarkable  favor  which  it  has  so  long  enjoyed. 

PniL'ADELPHiA,  May,  1869. 


ADVERTISEMENT 

TO 

THE   TENTH    EDITION. 


THE  rapid  progress  of  chemical  discovery  during  the  kst  few  years 
has  rendered  it  necessary  to  make  considerable  alterations  and 
additions  in  almost  every  part  of  the  present  Edition. 

The  chapter  on  the  Greneral  Principles  of  Chemical  Philosophy  has 
been  re-written. 

Some  considerable  additions  have  been  made  to  the  descriptions  of 
the  metals,  especially  those  of  rarer  occurrence,  several  of  which  have 
acquired  greatly  increased  importance  by  the  more  exact  investigations 
of  late  years.  The  distinguishing  reactions  of  the  several  metals  are 
also  given  more  fully  than  in  former  editions. 

The  greater  part  of  the  Organic  Chemistry  has  been  re-written,  espe- 
cially the  sections  relating  to  the  Hydrocarbons,  Alcohols,  and  Acids, 
upon  which  great  light  has  been  thrown  by  recent  investigations. 

The  section  on  AnimaVChemistry  has  been  entirely  revised. 

The  Atomic  Weights  used  in  this  Edition  are  those  which  are  now 
almost  universally  received  among  Chemists,  and  the  Notation  has 
been  altered  in  accordance  with  them. 

The  Nomenclature  has  been  simplified  by  discarding  the  word  "of" 
in  the  names  of  salts,  Ac,  using,  for  example,  the  term  "silver  nitrate" 
instead  of  "  nitrate  of  silver." 

The  Weights  and  Measures  used  are  those  of  the  French  decimal 
system ;  and  Temperatures  are  expressed  on  the  Centigrade  scale,  ex- 
cepting where  the  contrary  is  expressly  stated.  A  comparative  Table 
of  the  two  scales  is  given  at  the  end  of  the  volume. 


LOHDOVy  October,  1868. 


H.  Bence  Jones. 
Henry  Wattb. 


ADVERTISEMENT 

TO 

THE    THIRD    EDITION. 


THE  correction  of  this  Edition  for  the  Press  was  the  daily 
occupation  of  Professor  Fownes,  until  a  few  hours  pre- 
vious to  his  death  in  January,  1849. 

His  wish  and  his  endeavor,  as  seen  in  his  manuscript,  were  to 
render  it  as  perfect  and  as  minutely  accurate  as  possible. 

When  he  had  finished  the  most  important  part  of  the  Organic 
Chemistry,  where  the  most  additions  were  required,  he  told  me 
he  should  "  do  no  more,"  —  he  had  "  finished  his  work." 

At  his  request  I  have  corrected  the  Press  throughout,  and  made 
a  few  alterations  that  appeared  desirable  in  the  only  part  which 
he  had  left  unaltered,  the  Animal  Chemistry. 

The  Index  and  the  Press  have  also  been  corrected  throughout 
by  his  friend  Mr.  Robert  Murray. 

H.  Bence  Jones,  M.D. 

30  Grosyznob  Street,  Jan,,  1850. 
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PREFACE 

TO 

THE    FIRST    EDITION. 


THE  design  of  the  present  volume  is  to  offer  to  the  student 
commencing  the  subject  of  Chemistry,  in  a  compact  and 
inexpensive  form,  an  outline  of  the  general  principles  of  that 
science,  and  a  history  of  the  more  important  among  the  very 
numerous  bodies  which  Chemical  Investigations  have  made  known 
to  us.  The  work  has  no  pretensions  to  be  considered  a  complete 
treatise  on  the  subject,  but  is  intended  to  serve  as  an  introduction 
to  the  larger  and  more  comprehensive  systematic  works  in  our 
own  language  and  in  those  of  the  Continent ;  and  especially  to 
prepare  the  student  for  the  perusal  of  original  memoirs,  which,  in 
conjunction  with  practical  instruction  in  the  laboratory,  can  alone 
afford  a  real  acquaintance  with  the  spirit  of  research  and  the 
resources  of  Chemical  Science. 

It  has  been  my  aim  throughout  to  render  the  book  as  practical 
as  possible,  by  detailing,  at  as  great  length  as  the  general  plan 
permitted,  many  of  the  working  processes  of  the  scientific  labora- 
tory, and  by  exhibiting,  by  the  aid  of  numerous  wood-engrav- 
ings, the  most  useful  forms  of  apparatus,  with  their  adjustments 
and  methods  of  use. 

As  one  principal  object  was  the  production  of  a  convenient' and 
useful  class-book  for  pupils  attending  ray  own  lectures,  I  have 
been  induced  to  adopt  in  the  book  the  plan  of  arrangemeivl  iVA- 
lowed  in  the  lectures  themsehen,  and  to  describe  the  noTV-meVAWVc 
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elements  and  some  of  their  most  important  compounds  before 
discussing  the  subject  of  the  general  philosophy  of  Chemical 
Science,  and  even  before  describing  the  principle  of  the  equiva- 
lent quantities,  or  explaining  the  use  of  the  written  symbolical 
language  now  universal  among  Chemists.  For  the  benefit  of 
those  to  whom  these  matters  are  already  familiar,  and  to  render 
the  history  of  the  compound  bodies  described  in  the  earlier  part 
of  the  work  more  complete,  I  have  added  in  foot-notes  the  view 
adopted  of  their  Chemical  Constitution,  expressed  in  symbols. 

I  have  devoted  as  much  space  as  could  be  afforded  to  the  very 
important  subject  of  Organic  Chemistry ;  and  it  will,  I  believe, 
be  found  that  there  are  but  few  substances  of  any  general  interest 
which  have  been  altogether  omitted,  although  the  very  great 
number  of  bodies  to  be  described  in  a  limited  number  of  pages 
rendered  it  necessary  to  use  as  much  brevity  as  possible. 

Geo.  Fownes. 

UwiriRSITY  COLLTOB,  LOHDOV. 

October  b,  1847. 
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MANUAL  OF  CHEMISTRY. 


INTRODUCTION. 

THE  Science  of  CHemistry  has  for  its  object  the  study  of  the  nature  and 
properties  of  all  the  materials  which  enter  into  the  composition  or  struc- 
ture of  the  earth,  the  sea,  and  the  air,  and  of  the  various  organized  or  liy- 
ing  beings  which  inhabit  these  latter.  £Yery  object  accessible  to  man,  or 
which  may  be  handled  and  examined,  is  thus  embraced  by  the  wide  circle 
of  Chemical  Science. 

The  highest  efforts  of  Chemistry  are  constantly  directed  to  the  discovery 
of  the  general  laws  or  rules  which  regulate  the  formation  of  chemical  com- 
pounds, and  determine  the  action  of  one  substance  upon  another.  These 
laws  are  deduced  from  careful  observation  and  comparison  of  the  proper- 
ties and  relations  of  vast  numbers  of  individual  substances ;  —  and  by  this 
method  alone.  The  science  is  entirely  experimental,  and  all  its  conclusions 
the  results  of  skilful  and  systematic  experimental  investigation. 

The  applications  of  the  discoveries  of  Chemistry  to  the  arts  of  life,  and 
to  the  relief  of  human  suffering  in  disease,  are,  in  the  present  state  of  the 
science,  both  very  numerous  and  very  important,  and  encourage  the  hope 
of  still  greater  benefits  from  more  extended  knowledge  than  that  now 
enjoyed. 

In  ordinary  scientific  speech,  the  term  chemical  is  applied  to  changes 
which  permanently  affect  the  properties  or  characters  of  bodies,  in  oppo- 
sition to  effects  termed  physical,  which  are  not  attended  by  such  conse- 
quences. Changes  of  decomposition  or  combination  are  thus  easily  distin- 
guished fVom  those  temporarily  brought  about  by  heat,  electricity,  mag- 
netism, and  the  attractive  forces,  whose  laws  and  effects  lie  within  the 
province  of  Physics  or  Natural  Philosophy. 

Nearly  all  the  objects  presented  by  the  visible  world  are  of  a  compound 
oature,  being  chemical  compounds,  or  variously  disposed  mixtures  of  chemi- 
cal compounds,  capable  of  being  resolved  into  simpler  forms  of  matter. 
Thus,  a  piece  of  limestone  or  marble,  by  the  application  of  a  red-heat,  is 
decomposed  into  quicklime  and  a  gaseous  body,  carbon  dioxide.  Both  lime 
8  ^ 
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and  carbon  dioxide  are  in  their  turn  susceptible  of  decomposition,  the  for- 
mer into  a  metal,  calcium,  and  oxygen,  and  the  latter  into  carbon  and 
oxygen.  For  this  purpose,  however,  simple  heat  does  not  suffice,  the  reso- 
lution of  these  substances  into  their  components  demanding  the  exertion 
of  a  high  degree  of  chemical  energy.  Beyond  this  second  step  of  decom- 
position the  eflforts  of  Chemistry  have  hitherto  been  found  to  fail;  and  the 
three  bodies,  calcium,  carbon,  and  oxygen,  having  resisted  all  attempts  to 
resolve  them  into  simpler  forms  of  matter,  are  accordingly  admitted  into 
the  list  of  elements; — not  from  any  belief  In  their  real  oneness  of  nature, 
but  from  the  absence  of  any  evidence  that  they  contain  more  than  one 
description  of  matter. 

The  partial  study  of  certain  branches  of  Physical  Science,  as  the  physi- 
cal constitution  of  gases,  the  chief  phenomena  of  heat  and  electricity,  and  a 
few  other  subjects,  forms  so  indispensable  an  introduction  to  Chemistry 
itself,  that  it  is  rarely  omitted  in  the  usual  courses  of  oral  instruction.  A 
sketch  of  these  subjects  is,  in  accordance  with  these  views,  placed  at  the 
oommencement  of  the  present  volume. 


PART   I.-PHYSICS^ 


OF  BEXSITY  AND  SPECIFIC  GRA^aXY. 

'  is  of  freai  imporUDce  ai  the  outlet  U>  tind«rfli4iid  ctoarlj  wimt  it  roeimt 

bjf  IIk  termd  dmsUy  and  tpfdjic  gravity*     Bj  ihc  drrntiitf  of  a  bodt/  ]s  mc^rii 
I  mdM,  or  quantity  of  matter,  conipAred  witli  the  iniisg  or  quantity  of  mnUer 
an  t^nal  volume  of  »orae  standard  body  arbilrarily  cfao9«n.     Sp^ajfe  tfrav- 
f  denotes  ihc  vrighl  of  a  bodj,  as  compared  with  the  weight  of  an  cr|iial 
,  or  Tolmne^  of  the  standard  body,  which  is  reckoned  a«  nnity^*     In 
nes  of  eolids  and  liquids,  the  8t4indard  of  qnity  adopted  in  lhi«  cotmtry 
_  lire  water  at  the  temperature  of  16A*  0.  (00°  Fahr. )     Anything  else 
migbl  hare  been  chosen  ;  there  is  nothing  in  water  to  render  its  adoption 
for  lh«  purpose  mentioned  indispenHuble:  it  is  simply  taken  for  the  sake  of 
LeonTeniencc^  being  always  at  hand,  and  easily  obtained  in  a  state  of  perfect 
Pffurjlj.     An  ordinary  expression  of  specific  weight,  therefore*  is  a  number 
explaining  how  many  times  the  weight  of  an  equul  bulk  of  water  is  con- 
tained in  the  weight  of  the  substance  spoken  of«     If,  for  example*  we  say, 
that  concentrated  oil  of  vitriol  has  a  specific  gravity  ef)ual  to  l't<6,  or  that 
perfectly  pure  alcohol  has  a  density  of  0'7->4  at   155''  C,  we  mean  that 
tqaal  bulks  of  these  two  liquids  and  of  dit^tilled  water  possess  weights  iit 
ftbe  proportion  of  the  numbers  1*85,  0-794,  and  1 ;  or  1850,  71»4,  and  1000. 
lit  i*  necessary  to  be  particular  about  the  temperature,  for,  as  will  l>e  here- 
[•iter  shown,  liquids  are  extremely  expansible  by  heat ;  otherwise  a  constant 
Iftnlle  of  the  same  liquid  will  not  retain  a  constant  weight.     It  wiU  be  pro- 
)  '     jrin  witb  the  description  of  the  mode  in  which  the  specific  gravity 

'  is  determined:  this  is  the  Bimplest  case,  and  the  one  which  best 
I  i^,,.  ,.  *.,^  the  general  principle. 

In  order  to  obtain  at  plfu>'ure  the  specific  gravity  of  any  pnrtlculnr  liquid 
[compared  with  that  of  wafer,  it  is  ouly  requinite  to  weigh  equal  >»ii1ks  at 
llbe  standard  temperature,  and  then  divide  the  weight  of  the  liquid  by  tho 
[weight  of  the  water;  the  quotient  will  of  course  be  grenter  or  lej^s  than 
Itinily,  as  the  liquid  experimented  on  is  heavier  or  lighter  than  water  Now, 
I  to  weigh  equal  bulks  of  two  fluids,  the  simplest  and  best  method  is  clearly 
to  wr-  -'  '•  '  it<"ceM^ion  in  the  same  vessel,  taking  «arc  that  it  is  equally 
full  !i^,  a  condition  very  enisy  of  fuHilment. 

A  i.,.-  ^ iile,  or  flask,  with  a  narrow  neek,  is  procured,  of  Uia 

[  funu  represented  below  (fig.  1),  and  of  such  ciipncity  as  to  cuiilatn,  when 

JiUe^^  to  about  half-way  up  the  neck,  exactly  lOtfO  grains  of  diMtilled  water 

t«t  15-5^  C.     Such  a  flask  is  readily  procured  from  any  one  of  the  Italian 
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artificers,  to  be  found  in  every  large  town,  who  manufacture  cheap  ther- 
mometers for  sale.  A  counterpoise  of  the  exact  weight  of  the  empty  bottle 
is  made  from  a  bit  of  brass,  an  old  weight,  or  something  of  the  kind,  and 
carefully  adjusted  by  filing.  The  bottle  is  then  graduated,  by  introducing 
water  at  15*6°,  until  it  exactly  balancoij  the  1000-grain  weight  and  counter- 
poise in  the  opposite  scale ;  the  height  at  which  the  water  stands  in  the 
neck  is  marked  by  a  scratch,  and  the  instmment  is  complete  for  use.  The 
liquid  to  be  examined  is  brought  to  the  temperature  of  lo-5^,  and  with  it 
the  bottle  is  filled  up  to  the  mark  before  mentioned;  it  is  then  weighed, 
the  counterpoise  being  used  as  before,  and  the  specific  gravity  directly 
ascertained. 


Fig.l. 


Fig.  2. 


A  watery  liquid  in  a  narrow  glass  tube  always  presents  a  curved  surface, 
ftpom  the  molecular  action  of  the  glass,  the  concavity  being  upwards.  It  is 
better,  on  this  account,  in  graduating  the  bottle,  to  make  two  scratches,  as 
'  represented  in  the  figure,  one  at  the  top  and  the  other  at  the  bottom  of  the 
curve:  this  prevents  any  future  mistake.  The  marks  are  ensily  made  by 
a  fine,  sharp  triangular  file,  the  hard  point  of  which,  also,  it  may  be 
observed,  answers  perfectly  well  for  writing  upon  glass,  in  the  absence  of 
a  proper  diamond  pencil. 

It  will  be  quite  obvious  that  the  adoption  of  a  fiask  holding  exactly  1000 
grains  of  water  has  no  other  object  than  to  save  the  trouble  of  a  very  tri- 
liing  calculation;  any  other  quantity  would  answer  just  as  well,  and,  in 
fact,  the  experimental  chemist  is  often  compelled  to  use  a  bottle  of  much 
smaller  dimensions,  from  scarcity  of  the  liquid  to  be  examined. 

^hen  the  specific  gravity  of  a  liquid  is  to  be  determined  with  great  accu- 
racy, a  cas»e  which  frequently  occurs  in  chemical  inquiries,  a  little  glass 
bottle  is  used,  of  the  form  showed  in  fig.  2.  This  bottle  is  provided  with  a 
jperforated  conical  glass  stopper,  most  accurately  fitted  by  grinding.  By 
completely  glling  the  little  bottle  with  liquid,  and  carefbUy  removing  the 
portion  of  liquid  which  is  displaced  when  the  fltoppcEt  \a  \nMiv\M«  %a^  >mb«1- 


DENSITY   AND   SPECIFIC   GRAVITY, 


29 


t«mble  meftture  is  obtained.     Tho  least  possible  quantity  of  grenae  applied 
to  tbc  stopper  greatly  promotes  the  eiact  fitting. 

When  the  chemist  has  only  a,  smalt  qunnthy  nf  e.  fluid  at  hia  Fffj.X 
dispoifiil,  ftod  wishes  not  to  lose  it,  tlje  liiH<?  gltt.?«  tcsael  (fig.  S) 
is  pArticulatly  U!<eful.  It  is  formed  by  blowing  a  bubble  on  n* 
gl»!«s  tube.  On  that  portion  of  the  tube  which  is  nnrrowed  by 
drawing  the  tube  out  over  a  Ump,  a  fine  scmtch  is  marie  with  a. 
diamond*  The  bubble  is  filled  up  to  this  mark  with  u  liquid 
whilst  it  Btunds  in  water  the  temperftture  of  which  is  exactly 
known.  A  Tery  fine  funnel  is  used  for  filliog  the  btibble*  the 
stem  of  the  funnel  being  drawn  out  so  as  to  enter  the  lube,  and 
the  upper  opening  of  the  funnel  being  small  enough  to  be  cloyed 
by  the  finger.  The  glnss  stopper  is  only  vvanted  us  ft  guard, 
»nd  does  not  require  to  fit  perfectly. 

The  determination  of  the  specific  grnvity  of  a  solid  body  is 
made  according  to  tho  same  principles,  and  may  be  performed 
with  the  specific-gravity  bottle  (fig.  2),  The  bottle  is  first 
weighed  full  of  water;  the  ttolid  is  then  pdaced  in  the  same  pun 
of  the  balance,  and  its  weight  deterniined;  finally,  the  solid 
is  put  into  the  bottle,  displacing  an  equal  bulk  of  water,  tht? 
weight  of  which  is  determined  by  the  Iosh  on  again  weighing. 
weighta  of  the  solid  and  that  of  an  eqital  bulk  of  water  ate  oblJiincd, 
former  divided  by  the  latter  givea  the  specific  gravity. 

For  example,  the  weight  of  a  small  piece  of  silver  wire 

wa«  found  to  be    .  ,         .         *         .         .         .       98  18  grains. 

GIam  buttle  filled  with  water 204  09 


802  87 
After  an  equal  volume  of  water  was  displaced  by  the  ail- 

▼er,  the  wcigbi  was 883*54 


ISenco  the  displaced  water  weighed         .        ,         .         *        9 
From   this,  the   specific    gravity   of  the   silver)  98*1^ 
wire *         -     S  "O^  ~ 

Another  highly  ingenious,  but  less  exact  method  of 
<lec«rinining  the  specifio  gravity  of  solids,  i»  based  on 
the  well-known  theorem  of  Archimedes. 
This  Iheoreui  may  be  thus  expressed: 

When  a  solifl  is  immersed  in  a  fluid,  if  loses  a  por- 
tion of  its  weight;   and   thi/*  portion  h  equal  to 
Uie  weight  of  the  fluid  which  it  disphiccM :  that 
i»^  to  the  weight  of  its  own  bulk  of  thai  fluid. 
It  is  easy  to  give  experimental  proof  of  this  very  im- 
portant proposition,  as  well  as  to  ejshiblish  it  by  reason- 
ing.     Figure   4   rcpreaenia    a   litllc   uppurutus   for    tho 
former   purpose.     This  consists  of  a  ihiu   cyliudricnl 
Tce»el  of  braf.1,  into  the  interior  of  which  fitp  very  aeoti- 
r»tely  a  solid  cylinder  of  I  lie  snme   n»e(al,  thus  exactly 
filling  it.     When  the  cylinder  is  suspended  beneath  ihe 
bucket,  as  seen  in  the  Hkelcli,  ihe  wjiolc  hung  from  the 
arm  of  a   halanev    aufl   cotintcrpolHcd,    imd    then    the 
cylinder  itwHT  ininier««*d   in  wafvrt  ii  will  he  found  to 
bare  lo^t  a  cerinin  wci^^hl ;  and   ihnt  thi?*  loss  is  pre- 
cisely equal  to  the  Wright  of  an  c(/ual  hitik  of  water, 
ftuiy  I  hen  ffe  pranni  hi  iiiliftft  the  httektt   to  the  brim, 
wMcrt^ttptm  tbi*  eifuilibrhmt  will  bt*  r(.*atoVQ<L 
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The  oonsidoratioQ  of  the  great  hydrostatic  law  of  ilaid  pressure  easily 
proves  the  truth  of  the  principle  laid  down.  Let  the  reader  figure  to 
himself  a  vessel  of  water,  having  immersed  in  it  a  solid  cylindrical  or  rec- 
tangular body,  and  so  adjusted  with  respect  to  density,  that  it  shall  float 
inditfercntly  in  any  part  beneath  the  surface  (fig.  6.) 
Now  the  law  of  fluid  pressure  is  to  this  effect: 

The  pressure  exerted  by  a  fluid  on  any  point  of  the  containing  Tessel,  or 
on  any  point  of  a  body  immersed  beneath  its  surface,  is  dependent,  firstly, 
upon  the  density  of  the  fluid,  and,  secondly,  upon  the  yertical  depth  of  the 
point  in  question  below  the  surface.  It  is  independent 
of  the  form  and  lateral  dimensions  of  the  vessel  or 
immersed  body.  Moreover,  owing  to  the  peculiar 
physical  constitution  of  fluids,  this  pressure  is  exerted 
in  every  direction,  upward,  downward,  and  laterally, 
with  equal  force. 

The  floating  body  is  in  a  state  of  equilibrium ;  there- 
fore the  pressure  downward  caused  by  its  gravitation 
must  be  exactly  compensated  by  the  upward  trans- 
mitted pressure  of  the  column  of  water  a,  b.  But  this 
pressure  downward  is  obviously  equal  to  the  weight 
of  an  equal  quantity  of  water,  since  the  body  of  neces- 
sity displaces  its  own  bulk.  Hence  the  weight  which 
a  body  loses  when  immersed  in,  or  floated  on  water,  is  equal  to  the  weight 
of  the  volume  of  water  displaced  by  that  body. 

Whatever  be  the  density  of  the  substance,  it  will  be  buoyed  up  to  this 
amount :  in  the  case  supposed,  the  buoyancy  is  equal  to  the  whole  weight 
of  the  body,  which  is  thus,  while  in  the  water,  reduced  to  nothing. 

A  little  reflection  will  show  that  the  same  reasoning 
may  be  applied  to  a  body  of  irregular  form ;  besides,  a 
solid  of  any  figure  may  be  divided  by  the  imagination 
into  a  multitude  of  little  perpendicular  prisms  or  cylin- 
ders, to  each  of  which  the  argument  may  be  applied. 
What  is  true  of  each  individually  must  necessarily  be  true 
of  the  whole  together. 

This  is  the  fundamental  principle;  its  application  is 
made  in  the  following  manner: — Let  it  bo  required,  for 
example,  to  know  the  specific  gravity  of  a  body  of 
extremely  irregular  form,  as  a  small  group  of  rock  crys- 
tals: the  first  part  of  the  operation  consists  in  determining 
its  absolute  weight,  or,  more  correctly  speaking,  its  weight 
in  air ;  it  is  next  suspended  from  the  balance-pan  by  a 
fine  horsehair,  immersed  completely  in  pure  water  at 
15*5®,  and  again  weighed.  It  now  weighs  less,  the  dif- 
ference being  the  weight  of  the  water  it  displaces,  that 
is,  the  weight  of  an  equal  bulk.  This  being  known, 
nothing  more  is  required  than  to  find,  by  division,  how 
many  times  the  latter  number  is  contained  in  the  former; 
the  quotient  will  be  the  density,  water,  at  the  tempera- 
ture of  15-5°,  being  taken  =  1.     For  example : 


Ffff.  6. 


The  quartz-crystals  weigh  in  air 
When  immersed  in  water,  they  weigh 


293-7  grains. 
180-1       «* 


Difference,  being  the  weight  of  an  equal  volume  of  water     113-6       " 
203-7 

=  2-59,  the  specific  gravity  required. 
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The  rule  i»  gcnernllj  thus  written;   "Divide  Iho  weight  in  nir  by  the 
Iam  iff  weight  ill  water,  and  the  quotient  will  be  Ibi?  spccllie  j^y    - 

gr»f  ity/'  Iq  re&litj  it  U  not  the  weight  in  air  which  is 
rc<|Uire4,  but  the  weight  the  body  would  hnve  in  empty 
»pnei>:  the  errer  introduced,  namely^  the  weight  of  nn 
e*p*al  hnW  of  air  is  50  trifling,  thut  it  iw  usually  neglected. 

Homi«iirries  the  body  to  be  examined  i»  lighter  than  water, 
mud  float  a,  lii  (hi»  case,  it  iif  firat  weighed,  and  afterwards 
Bttjfcched  to  A  t>iece  of  metnl  henry  enough  to  Bink  it,  and 
•ii»|ieiided  from  the  balanee.  The  whole  ia.then  exactly 
weigheit.  iinrnersed  in  water,  and  again  weighed.  The  dil* 
forenee  between  the  two  weighingH  gives  the  weight  of  a 

SuaiLtity  of   water  tq\i%\  in  bulk  to  borh    together.     The 
ghl  MuhHtan^-e  is  then  detached,  and  the  iiam^  operation  of 
weighing  in  air,  and  again  in  water,  repeated  on  the  piece 
at  B»etal-     These  dtktm  give  the  nieana  of  finding  the  specific  gravity,  as 
will  be  jU  once  seen  by  the  following  example: 


Light  BubatAnc«  (a  piece  of  wax)  weighs  in  air 

AllAehed  to  ft  piece  of  braaB,  tlie  whole  now  weighs 
inuuersed  to  water,  the  Siy^tcin  weighs     . 

Weighl  of  water  equal  in  bulk  to  brass  and  wax 

Wetgkl  of  braas  in  air        .,..,, 
Weighl  of  brass  in  water 


IZZ^l  grains. 


WS'7 
144'U 

m-0 

444 

50 
1449 

6e 

lSt»3 


Weight  of  equbal  bulk  of  water 

Bulk  of  water  equal  lo  wax  and  brass 

Bulk  of  water  equal  lo  brass  alone    .         ,         «         . 

Bulk  of  waUr  equal  to  wax  alone  ,        *     .   • 

183'7 

=  0^9598 

139-3 

Is  all  such  experiments  it  is  nece»sary  to  pay  attention  to  the  tempera- 
lure  *iid  purity  of  the  water,  and  tu  remove  with  great  care  all  adhering 
alr-bttbbt«s,*  otherwise  a  falf»c  reauli  will  be  obtnined. 

Other  ca»e«  require  mention  in  whicli  ihvno  operations  mu!?t  be  modified 
to  meet  particular  difficulties.  Oue  of  these  happi'nu  when  the  subHtanee 
b  ilUsolTed  or  aeted  upon  by  water.  The  diftieulty  is  easily  overcome  by 
substituting  Home  other  liquid  of  known  density  which  experience  shows  is 
without  ftrfion,  Alcohol  or  oil  of  turpenhne  mny  generally  be  used  when 
'  '        Suppose,  for  instance,  the  »peeific  gravity  of  cry s- 

t  irod,  we  proceed  in  the  following  way:  The  specliio 

gromi  ui  I  HI-  uii  «u  turpentine  ia  first  carefully  determined;  let  it  be  0  87; 
the  fit^r  is  next  weighetl  in  the  air,  then  Huspended  by  a  horRchair,  and 
«iti«^Kp4  ill  the' oil ;  the  difference  is  the  weight  of  an  equal  bulk  of  the  lat- 
•  simple  calculation  gircs  the  weight  of  a  corresponding  volume  of 


♦A  Um\»U  nUu  Ai^joUinti  ^Itngtrtlirr  tht»  Mdlimlon  oriiir>titil>tt|««, whieh  often  »t«  wnX  tmAVf 

^^*^    '-    *    '-  "ttiK  tj«^  wnbir  to  rlJMlljtifin,  tntrriilmHiif  thn  borty  ^WXx  Um  b**ft 

2jJJ;  rf"  '<'/'/««r  mttcr,  whM^  i»  CJion  »nrjw^\  lo  cw.t  t..  \y\P,  ^\^x\  «U* 
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Weight  of  sugar  in  air 400     grains. 

Weight  of  sugar  in  oil  of  turpentine      ....     182-5      *< 


217-6 


Weight  of  equal  bulk  of  oil  of  turpentine    . 
87  :   100=r  217-6  :  250, 
the  weight  of  an  equal  bulk  of  water;  henoe  the  specific  gravity  of  the 
sugar,— 

400 

=  1-0. 

260 

If  the  substance  to  be  examined  consists  of  small  pieces,  or  of  powder, 
then  the  method  first  described,  namely,  that  of  the  specific-gravity  bottle, 
can  alone  be  used. 

By  this  method  the  specific  gravities  of  metals  in  powder,  metallic  oxides, 
and  other  compounds,  and  8alt«  of  all  descriptions,  may  be  determined  with 
great  ease.  Oil  of  turpentine  may  be  used  with  most  soluble  salts.  The 
crystals  should  be  crushed  or  roughly  powdered  to  avoid  errors  arising 
from  cavities  in  their  substance. 

The  specific  gravity  of  a  solid  can  also  be  readily  found  by  immersing 
it  in  a  transparent  liquid,  the  density  of  which  has  been  so  aidjusted  that 
the  solid  body  remains  indifferently  at  whatever  depth  it  may  be  placed. 
The  specific  gravity  of  the  liquid  must  now  be  determined,  and  it  will,  of 
course,  be  the  same  as  that  of  the  solid,  it  is  necessary  that  the  liquid 
chosen  for  this  experiment  do  not  dissolve  or  in  any  way  act  upon  the  solid. 
Solutions  of  mercuric  nitrate,  or  corrosive  sublimate,  can  be  uaed  for 
bodies  heavier  than  water,  while  certain  oils,  and  essences,  and  mixtures 
of  alcohol  and  water,  can  be  conveniently  employed  for  such  substances  as 
have  a  lower  specific  gravity  than  water.  This  method  is  not  only  adapted 
to  the  exact  determination  of  specific  gravities,  but  also  serves  in  many 
cases  as  a  means  of  readily  distinguishing  substances  much  resembling  one 
another.  Suppose,  for  instance,  a  solution  of  mercuric  nitrate  to  have  a 
specific  gravity  8;  a  red  amethyst  (2*67)  will  then  float  upon,  and  a  topas 
of  the  same  color  (8-65)  will  sink  in  this  liquid. 

The  theorem  of  Archimedes  affords  the 
key  to  the  general  doctrine  of  the  equili- 
brium of  floating  bodies,  of  which  an 
application  is  made  in  the  common  hydro- 
meter,—  an  instrument  for  finding  the 
specific  gravities  of  liquids  in  a  very  easy 
and  expeditious  manner. 

When  a  solid  body  is  placed  upon  the 
surface  of  a  liquid  specifically  .heavier 
than  itself,  it  sinks  down  until  it  displaces  a  quan- 
tity of  liquid  equal  to  its  own  weight,  at  which  point 
it  floats.  Thus,  in  the  case  of  a  substance  floating 
in  water,  whose  specific  weight  is  one  half  that  of 
the  liquid,  the  position  of  equilibrium  will  involve 
the  immersion  of  one  half  of  the  body,  inasmuch  as 
its  whole  weight  is  counterpoised  by. a  quantity  of 
water  equal  to  half  its  volume.  If  the  same  body 
were  put  into  a  liquid  of  one  half  the  specific  gravity 
of  water,  if  such  could  be  found,  it  would  then  sink 
beneath  the  surface,  and  remain  indifferently  in  any 
part.  A  floating  body  of  known  specific  gravity  may 
tbaa  be  used  as  an  indicator  of  the  specific  gravity  of  a  liquid.  In  this 
manner  little  glasH  beads  (Hf^.  8)  of  known  speci^c  g;r*vUiee  are  some- 
^/wes  employed  ia  the  arts  to   ascertain   in  a  Tud«  mann^t  \Yic  v^^%a 


Fig.Q. 


^y.8. 
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ity  of  liquidii;  the  one  that  flo&ts  indiWereDtly  benej&ih  the  Kurfnce, 

tjtbout  either  feiuking  or  riatng,  biks  of  oour&e  the  sumo  spt>eifi€  gravity  a« 

^4*  lif^uicl  il«e1f;   this  is  pointed  out  by  the  nuiuber  marked  upon  the  beud. 

Thfi  bydromcier  (fig.  U)  in  g^ncriil  use  conaist:^  of  a  flomting  yesijel  of 

iin^likl  or  glass,  liavlng  a  weight  beneath  to  nmintain  it  in  an  upright 

,  and  a  stem  above  bearing  a  divided  scale     The  use  of  iho  inE^tru- 

is  very  simple.      The  liquid  to  be  tried  is  put  into  a  mimW  narrow 

ir.  and  the  in^truineDt  floated  in  it^     It  is  obvioys  that,  the  deni^er  the 

quid,  the  higher  will  the  hydrometer  fioal»becau.He  a  i^iualler  displacement 

r  liquid  will  counterbalance  it^  weight.     For  the  game  reason,  in  a  liquid 

lej<8  density,  it  Hinka  deeper.     The  hydrometer  comes  to  reel  altuo^t  im- 

nediately,  and  then  the  mark  on  the  stem  at  (.he  fiuid-leTcl  may  be  read  off* 

Vtry  extensive  use  is  made  of  instruments  of  thi.s  kind  in  the  art»;  (hey 

DmelJnies  bear  different  names,  accord  Lug  to  the  kind  of  liquid  for  which 

bey  are  intended ;  but  the  principle  is  the  same  in  alL     The  graduHlion 

Tcry  cKimmonly  arbitrary,  two  or  three  different  t^eales  being  iinfurtu- 

atcly  uicd*     These  may  be  sometimes  rc<luced,  however,  to  the  true  num- 

ers  expressing  the  specific  in'avity  by  the  aid  of  tables  of  comparisoa 

drawn  op  for  the  purpoiie.     (See  ArPKNinx,) 

Tables  are  likewise  used  to  reduce  (he  readings  of  the  hydrometer  at 
any  ir\  >  c  lo  tIio?ie  of  the  oornial  tempenifnrc. 

Th>  of  (he  instrument  from  below^  upward,  into  100  parts,  is 

snoch  t.-  .".  j-i .  itrred  to  these  arbitrary  scales.  Hulfof  these  divbionis  must 
bo  made  upon  the  stem.  The  KX)th  division  indicalea  (he  point  of  immer- 
on  in  dislilled  waler  at  lo-S*  C.  (G0°  Fuhr. )  If  in  imolber  liquid  the 
Htniment  sinks  le*««  deeply,  for  example  to  tJO,  tlten  tiO  volumes  of  this 
quid  weigh  as  much  as  H'O  volumes  of  water.  Hence  the  weight  of  100 
that  is,  the  specific  griivity,  is  W  ==  l'(J7,  By  (his  arrungemout 
ihv  scale,  it  is  evident  that  the  reduction  of  the  specific  gravity  is  so 
mple  I  hat  no  tables  ure  required. 

A  very  convenient  and  useful  iiislrnment  in  the  shape  of  a  small  hydro* 
^F..^   ^..r-  t.  L;.>fP  the  specific  gravity  of  urine,  htis  been  put  into  the  bands 
I  :♦  it  may  be  packed  into  a  pockci-casci  witli  a  little  jar 
•ter,  and  is  always  ready  for  uecf 


J^.n. 


M  at  nmi,  mUM  U*  UMIO.  %\\\  r(^ptrMin%i  l\\o  Avtip  | 


84  DENSITY   AND   SPECIFIC   GBAVITY. 

The  determination  of  the  specific  grayity  of  gases  and  vapors  of  volatile 
liquids  is  a  problem  of  very  great  practical  importance  to  the  chemist:  the 
theory  of  the  operation  is  as  simple  as  when  liquids  themselves  are  con- 
cerned, but  the  processes  are  much  more  delicate,  and  involve  besides  cer- 
tain corrections  for  differences  of  temperature  and  pressure,  founded  on 
principles  yet  to  be  discussed.  It  will  be  proper  to  defer  the  considerations 
of  these  matters  for  the  present.  The  method  of  determining  the  specific 
gravity  of  a  gas  will  be  found  described  under  the  head  of  Oxygen,  and 
that  of  the  vapor  of  a  volatile  liquid  in  the  Introduction  to  Organic 
Chemistry. 

In  Cbe  text.  It  resultfl  from  the  the<n'ein  of  Archimeden,  tbftt  if  imy  mltd  be  Immenwd  in  wmter 
and  then  in  any  otber  llqoM,  the  Ioim  of  weight  raetained  in  each  cwso  will  gire  the  relatiTtt 
weiichtf  ot  eqiuU  ballu  of  the  liquids,  and  on  dividing  thv  weight  of  the  liquid  by  the  weight 
of  the  water,  the  quotient  will  be  the  upeciflc  gravity  of  the  lionld  experimented  on.  For  hi- 
fltance,  let'  A  piece  of  glaM  rod  (flg.  10)  be  rasiiended  flrom  the  balance  pan  and  exactly  counter- 
poised, tlM*n  immeme  it  in  water  and  restore  the  equipoise  by  weights  added  to  the  pan  to  which 
the  glass  is  suspended,  the  amount  will  give  the  loss  of  weight  by  immersion  or  the  weight  of  a 
bulk  of  water  equal  to  that  of  the  stopper.  Now  wipe  the  glass  dry,  and  having  removed 
the  additional  wrightii,  ImmerRe  It  in  the  other  liquid,  and  restore  the  equipoise  as  before;  this 
latter  wHght  is  the  weight  of  a  bulk  of  the  liquid  equal  to  that  of  the  water.  The  latter  divided 
by  the  fomi«r  gives  the  speci£k:  gravity.    Fur  example  >— 

The  glsss  Btdpper  loses  by  immersion  in  water 171  grains. 

The  glass  stoj^per  loses  by  immersion  in  alcohol        ....••       148      " 

^  ^  =  .830;  the  specific  gnrlty  required. — B.  B.] 


)F  THE  Pm'SICAL  CONSTITUTION  OF  THE  ATMOS- 
PHERE AND  OF  GASES  IN  GENERAL. 


T  recjuires  Pome  lillle  iibatraction  of  inmd  to  realize  completely  Ibc  con- 
dition in  which  all  things  ill  the  surface  of  tho  enrth   exist.      We  live  At 
ll    V  "      i  i>f  an  immense  occ^n  of  gai^eouij  mativr,  which  envelops  evcry- 
t!  presses  upon  everything  with  »  force  whkb   upjtear.s.  at  first 

&ij.....  ,  iljjctly  incredible,  but  whoi^e  actuAl  amount  luhnilit  of  eiiyy  proof. 
UfA«ity  being,  so  far  aa  is  known^  common  to  nil  matter,  it  is  naturnl  to 
•sp<»ci  ilmt  gases,  being  matoritil  sulj^tances,  shouhl  be  acted  upon  by  the 
ennb's  littraction,  as  well  as  solids  and  liquids.  This  is  really  the  cas«, 
ftod  Llie  result  is  the  weight  or  pre!«6ure  of  ilic  atmosphere,  which  is  noth« 
JDg  m4»r«  thitn  the  effect  of  the  attraction  of  the  earth  on  the  pnrticles  of  air. 
Before  describing  the  leading  phenomena  of  tlie  atmof^plierie.  pressure,  it 
i»  necessary  to  notice  one  "very  remarkable  feature  in  the  phyeicnl  consti* 
tkuion  of  gHMe««,  tipon  which  depends  the  principle  of  an  extremely  valuable 
ia.«trument,  the  air-pump. 

Oases  are  in  the  highest ^Icgree  elastic;  the  volnnie  or  space  which  a  gas 
occupies  depends  upon  the  preaisure  exerted  upon  it.     Let  the  render  imiigiiie 

I        a  cylinder,  d,  closed  at   the    bottom,   in   which  Fig.  12, 

I        BMvrea  a  piston,  air- tight,  «u  that  no  air  can  es- 

I        cape  between  the  piston  and  the  cylinder.     8up- 

I  pose  now  the  piaton  be  pressed  downward  with 
3  rPTiain  force;  the  air  beneath  it  will  be  corn* 
u^  -ed  into  a  smaller  bulk,  the  amount  of  this 
LHLjpression  depending  on  the  force  applied;  if 

I        the  power  be  anfficicni,  the  bulk  of  the  gas  may 

I  be  thus  diminished  to  one  hundredth  part  or  less. 
When  the  pressure  is  removed,  the  elasticity  orf 

i  trntion^  as  it  is  called,  of  the  included  air  or  gfts» 
will  immediotely  force  up  the  piston  until  it  ar* 

!        rives  at  its  first  position. 

Again,  take  fig,  12.  &«  and  suppose  the  piston 
io  Stand  about  the  middle  of  Ibc  cy linder,having 

I       air  beneath  in  its  usual  state.     If  the  piston  be 

I       loir  drawn  upward,  the  air  below  will  expand,  I 

j       io  as  to  fill  completely  the  increased  space,  and  ^ 

this  to  an  apparently  unlimited  extent.  A  volume  of  air,  which,  under 
ordinary  circumstanooa,  occupies  the  bulk  of  a  cubic  inch,  might,  by  ibe 
removal  of  the  pressure  upon  it,  be  made  to  expand  to  the  capacity  of  a 
whole  room,  while  a  renewal  of  the  former  pressure  would  be  attended  by 
a  shrinking  down  of  the  air  to  its  former  bulk.  The  smallest  portion  of 
gat  introduced  into  a  large  eihauetcd  vessel  becomes  at  once  diffused 
through  the  whole  space,  an  equnl  quantity  being  prei^cnt  in  everj'  part; 
the  Ttsael  is./ii//,  although  the  gas  is  in  a  state  of  extreme  tenuity.  This 
power  of  expansion  which  air  possesses  may  have,  and  prohnbly  has^  in 
reality,  a  limit:  but  the  limit  is  never  renched  in  practice.     We  are  quite 

I       wfo  in  the  AS($umption  that  for  all  purposes  of  experiment,  however  refined, 
air  is  perfectly  elastic, 

I  It  is  usual  to  assign  a  reason  for  this  indefinite  expansibility  by  ascribing 
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to  the  particles  of  material  bodies,  when  a  in  gaseous  state,  a  self-repulsiTe 
agency.     This  statement  is  commonly  made  somewhat  in  this  manner: 


matter  is  under  the  influence  of  two  opposite  forces,  one  of  which  tends  to 
draw  the  particles  together,  the  other  to  separate  them.  By  the  prepon- 
derance of  one  or  other  of  these  forces,  we  have  the  three  states  called 
solid,  liquid,  and  gaseous.  'When  the  particles  of  matter,  in  consequence 
of  the  direction  and  strength  of  their  mutual  attractions,  possess  only  a 
very  slight  power  of  motion,  a  solid  substance  results;  when  the  forces 
are  nearly  balanced,  we  have  a  liquid,  the  particles  of  which  in  the  interior 
of  the  mass  are  free  to  move,  but  yet  to  a  certain  extent  are  held  together; 
and  lastly,  when  the  attractive  power  seems  to  be  completely  overcome  by 
its  antagonist,  we  have  a  gas  or  vapor. 
Various  names  are  applied  to  these  forces,  and  various  ideas  entertained 
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eoncern'mg  tbpm:  (lie  attractive  forces  bear  thcninne  of  cohesion  wben  llji?y 
art!  ciert<*ci  between  particles  <tt  mMter  separated  by  au  imaji'Hsurably 
emn}\  internti,  and  graviiaiton  wben  the  distiince  is  great.  The  repulftive 
principle  le  often  thought  to  be  identical  with  the  principle  of  hcnL  We 
shall  return  to  this  subject  in  discussing  the  nature  at  heat.     {^See  page  77.) 

The  ordinary  air-pump,  shown  in  Hection  in  fig.  13,  coneista  e»8eiitially 
of  4  metallic  cylinder,  in  which  mo?eft  a  tigbtlj  fitting  piston^  by  the  aid 
of  lis  rod.  The  bottom  of  the  cylinder  caninmnicaiL'a  with  the  vessel  lo  be 
exhauitted,  &nd  is  furnished  with  a  valve  opening  upward.  A  Bimilar 
Talve,  also  opening  upward,  is  fitted  to  the  piaton :  these  vulvea  are  miide 
with  Blips  of  oiled  silk.  When  the  pis»lon  ia  raided  fruui  the  botlom  of  the 
cylinder,  the  space  left  beneath  it  muat  be  void  of  air,  Btnce  the  pist^jn- 
ralTe  openii  only  in  one  direction:  the  air  within  the  receiver  having  on 
that  side  nothing  to  oppose  its  elaaiic  power  but  the  weight  of  tbe  Udle 
valve,  lifts  the  latter^  and  escapes  into  the  cylinder.  So  socin  a»  the  pision 
begtii:^  to  deaci;nd»  the  lower  valve  cloaes,  by  its  own  weight,  or  by  the 
tranMniitted  pressure  from  above,  and  communication  with  the  receiver  ia 
cut  uff.  Aa  the  descent  of  the  piston  continues,  the  air  incloned  in  the 
cylinder  becomes  compressed,  its  elasticity  i*>  increased,  and  at  length  it 
forces  open  the  upper  valve,  and  escnpea  into  the  atmosphere.  In  this 
BiiiQiier,  a  cylinder  full  of  air  is  at  every  stroke  of  the  puinp  removed  from 
the  receiver  During  the  de*c*nt  of  the  piston^  the  upper  valve  remains 
open,  itnd  the  lower  closed,  and  the  reverse  during  the  opposite  niovemenL 

[ii  practice,  it  is  very  convenient  to  have  two  such  barrels  or  cylinders, 

^^- , i    -..!.>   }yy  Mde,  the  pisi^mrods   of  which   arc  formed  into  racks, 

li  or  Bmall-to')thcd  wheel,  between  thenit  moved  by  a  winch. 

L,  lince  the  operation  of  exhaustion  is  much  fncilitafed  and 

ih«  Iftbor  leasenod.    The  luraugemeui  is  shown  in  fig.  14,  on  the  preceding 

A  frimplcr  form  of  air-pump   is  thus  constructed:   the  cylinder,  which 

mav  b#»  «f  large  dimensions,  is  furnished  with  an  accurately  fitted  solid 

]''  rod  of  which   moves,  oir-tight,  through  a  contrivance  called  a 

.,  &t  the  top  of  the  cylinder,  where  also  the  only  valve  tJif^mtitit 

I  i.ratu9  15  to  be  fuund  :    the  latter  ia  a  noliil  conical  plug  of  metal, 

in  the  figure,  kept  tight  hy  the  oil  coiilaincd  in 
ii  M-r  into  which  it  opens.      The  communication  with         Fig.lh, 

the  vessel  to  be  exhausted  is  made  hy  a  tube  which  cnlere 
the  cylinder  a  little  above  the  bottom.  The  action  Is  the 
following:  let  the  piston  be  supposed  in  the  act  of  rising 
fritfn  the  bottom  of  the  cylinder:  as  soon  as  it  pa^^ses  the 
mouth  of  the  tube  ^  all  communication  is  stopped  between 
the  air  above  the  piston  and  the  ve^stel  to  be  exhausted;  the 
inclosed  atr  sutTer^  compression  until  it  acquires  suflicient 
elasticity  to  lift  the  metal  valve  and  ci^cape  by  bubbling 
through  the  oil  When  the  piston  makes  its  descent,  and  qT^ 
this  ralve  closes,  a  vacuum  is  left  in  the  upper  pari  of  the  " 
eyUndor.  into  which  the  air  in  the  receiver  rushes  so  soon 
.'■    lie  piston  has  passed  below  the  orifice  of  the  connecting 

in  the  stIk-Talved  air-pump,  oxhanstion  oeases  when  the 
rlaatkity  of  the  air  in  I  lie  received  becomes  too  feeble  to 
raine  ihe  valve:  in  that  la<;i  described  the  exhaustion  may, 
on  ike  oontrary,  be  carried  to  an  indefinite  extent,  without, 
howATcr,  under  the  most  favorable  circumstances,  lie- 
coming  conipI**t«^  The  conical  valvo  is  mmle  to  project 
t  lit  lie  below  the  cover  of  the  cylinder,  so  as  lo  he  forced 
vp  by  the  pUton  wh4»&  the  }aiter  reaches  the  top  of  tb« 
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CTMnicr;  ihe  oil  then  enters  anil  displaces  anj  air  that  may  be  lurking  in 

improToment  to  the  machine  to  supply  the  piston  with  a 
upward;  this  may  also  be  of  metal,  and  contained 
within  the  body  of  the  piston.  Its  use  it 
to  avoid  the  momentary  condensation  of 
the  air  in  the  receiver  when  the  piston  de- 
scends. The  pump  is  worked  by  a  lever  in 
the  manner  represented  in  figure  IG. 

The  air-pump  may  be  used  for  condens- 
ing instead  of  lor  rarefying  the  air.  If  the 
cylinder  (fig.  15)  is  filled  with  air  from  the 
opening  (/;,  it  may  be  forced  by  the  rise  of 
the  pi:*ton  through  the  valve  {a)  into  a 
communicating  chamber,  and  this  operation 
may  be  fk-equcntly  repeated. 

To  return  to  the  atmosphere.  Air  pos- 
sesses weight:  a  light  flask  or  globe  of 
glass,  furnished  with  a  stopcock  and  ex- 
hausted by  the  air-pump,  weighs  consider- 
ably loss  than  when  full  of  air.  If  the 
capacity  of  the  vessel  be  equal  to  100 
cubic  inches,  this  difference  may  amount 
to  nearly  30  grains. 
— ^^  ^  1  \  ^  r       ^^*  ^^^^  ^^^^  ^^  *^®  pressure  of  the  at- 

r*^"^  VL  1  \^      mosphere  may  be  demonstrated  by  securely 

m  1 1  '''''^''^^Al     fi      tying  a  piece  of  bladder  over  the  mouth  of 

I  TTII  \i  f       *"^  ^^*'^"  glass  receiver,  and  then  exhausting 

I  1      W  ^^  f        the  air  from  beneath  it;   the  bladder  will 

heoonic  more  and  more  concave,  until  it 
suddenly  breaks.  A  thin  square  glass  bot- 
tle, or  a  large  air-tight  tin  box,  may  be 
crushed  by  withdrawing  the  support  of  the 
air  in  the  inside.  Steam-boilers  have  been 
often  destroyed  in  this  manner  by  collapse, 
in  consequence  of  the  accidental  formation 
of  a  partial  vacuum  within. 

AH  or  what  has  been  said  on  the  subject  of 
fluid  pressure,  it  will  scarcely  be  necessary 
to  ob>erve  that  the  law  of  equality  of  pres- 
sure in  all  directions  also  holds  good  in  the 
case  of  the  atmosphere.  The  perfect  mo- 
bility of  the  particles  of  air  permits  the 
transmission  of  the  force  generated  by 
their  gravity.  The  sides  and  bottom  of 
an  exhausted  vessel  are  pressed  upon  with 
as  much  force  as  the  top. 
If  a  glass  tube  of  considerable  length 
could  be  perfectly  exhausted  of  air,  and  then  held  in  an  upright  position, 
with  one  of  its  ends  dipping  into  a  vessel  of  liquid,  the  latter,  on  being 
allowod  Hove>s  to  the  tube,  would  rise  in  its  interior  until  the  weight  of 
tho  ooluuiu  1^-dtiiii'od  the  pressure  of  the  air  upon  the  surface  of  the  liquid. 
No\>.  if  the  density  of  this  liquid  were  known,  and  the  height  and  area  of 
tho  roluuin  uirnstiied.  means  would  bo  furnished  for  exactly  estimating  the 
nuiount  of  pres>un'  exerted  by  the  atmosphere.  Such  an  iUMtrument  is  the 
biirouioter:  n  ^sl^uight  glass  tube  is  taken,  about  3U  inches  in  length,  And 
siMiIe.1  by  the  blowpipe  tlaute  at  one  extremity;  it  Is  theQ  4Ued  wl&..€^ 
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dry  tneTCury,  care  being  tak<Mi  to  dispUce  all  nir-buW>Io«,  iht  <vpcn  end 
flopped  with  a  finder,  and  the:  lube  invcrtpJ  in  the  bjisin  of  mercufj, 
ri-moiriiig  the  finger,  the  fluid  ^inks  Hway  from  th^  top  t>r  the  lube,  iinitl  it  | 
ftfttids  %i  the  height  of  About  30  inches  above  the  lcv<^l  of  that  tn  the  bib«in. 
Here  il  remains  supported  by,  and  bAliineing  the  atmospbenc  pressure, 
Ihe  Bpitee  nbove  the  inereurj  in  the  tube  being  of  necessiiy  empty. 

Tfi  e  of  the  iHmnsphere  Is  thus  i«eeti  to  be  capabls 

of  '  ;v  '^olurrm  of   mercury  80  inches  in   height^  of       FiffAJ. 

*'"  '  .-     now  such  a  Cdliiinn,  h^Ting  an  area  of  one  inch, 

'tween  14  and  15  pounds:  consequently  such  niuit 
lount  of  the  pressure  ererted  upon  every  ^quure  inch 
of  the  surface  of  the  eftrth,  and  of  the  ohjecta  mtujited  thereon, 
JLt  l€4st  near  the  level  of  the  ae^.  This  enormous  force  ia 
borne  without  incontenicnce  by  the  animal  frame,  by  rensoa 
of  1(9  perfect  uniformity  in  every  direction;  and  it  may  be 
doubled,  or  ercn  tripled^  withoii!  jnjur3\ 

A  b'trometer  may  be  constructed  with  other  liquids  bcfidea 
mercury:  but  as  the  height  of  the  column  must  always  bear 
an  infers  proportion  to  the  density  of  the  liquid,  the  length 
of  tube  required  wilt  be  often  considerable;  in  the  case  of 
wjLler  it  will  exeeed  S9  feet.  It  is  aeldom  that  any  other  liquid 
thAfi  mercury  is  employed  in  the  construction  of  this  instrn- 
ment.  The  Boyfll  Society  of  London  poiiseMsed  a  water  barom- 
eter St  their  apartments  at  Somersol  House.  Its  construction 
was  aUended  with  great  dtfl)cultie((,  and  it  was  found  iuipos- 
aMm  I©  keep  it  In  repair- 

ft  «»rili  now  be  necessary  to  consider  a  moat  importnnt  law 
unects  the  volume  occupied  by  a  gas  with  the  pressure 
it  U,  and  19  thus  expressed: 
1  'tf  gaa  i»  ifwrrfirh/  as*  the  pre«sure ;  tho  density 

ic  force  are  tUrcclhj  as  the  pressure,  and  inver^fff/ 
111  me. 
F  '\  100  ottblo  inches  of  gas  tinder  a  prcppurc  of 

30  itt  in  •  ni  iiiert'ury  would  expand  to  200  cubic  inches  were 
the  prei»ure  reduced  to  one  hall*,  and  Hhr]nk\  on  the  contrury, 
to  60  cubic  inchei  if  the  original  presjsurc  were  doubled.  Tho 
change  of  density  must  necessarily  be  in  the  inverse  proportion 
t4>  that  of  the  volume,  and  the  elastic  forcu  follows  the  same 
ml«. 

This,  which  Is  usually  called  tho  law  of  Mariotte,   though 

really  discovered  by  Uoylc  (li)til),  la  easily  demonstrable  by 

direct  eiperimenL     A  glass  tube,   about  7  feet  in  lengtli,  is 

clo>ted  at  line  end,  and  bent  into  the  form  represented  in  fig.  18,  the  open 

limb  of  the  syphon  being  the  longer.      It  i»  next  attached  to  a  board  fur- 

Kkishetl  with  a  movable  scale  of  inchcH,  and  enough  mercury  is  introduced 

U>  Jill  the  bend,  the  level   being   evenly  adjusted,   and  marked  upon  the 

b^t?tnl      Mercury  is  now  poured  into  the  tube   until   it  is  found   that   the 

I    lir  has  been  reduced  to  one  half  of  Its  former  volume;   and  on 

_  the  scale,  it  will  be  found  that   the  level  of  the  mercury  in  the 

1  of  tho  lube  stands  very  nearly  3t)  inches  above  thai  in  the  closed 

The  pressure  of  an  additionnl  **atmosphere"  has  consequently 

be  bulk  of  the  contniued  air  to  one  hriff     If  the  experiment   bo 

inucd  until  the  volume  of  air  is  reduced  to  a  third,  it  will  be 

I  U  the  column  measures  60  inches^  and  so  in  like  proportion  us 

imt  aa  the  experiment  is  carried. 

The  above  instrumeni  is  better  adapted  for  illustration  of  the  prltic\\)H 
l&aa  for  furQishing  ri^orou^  proof  of  the  hw;  thin  has,  howtiter,  W^ 
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done.  MM.  Artigo  and  Dalong  published,  in  the  year  1880,  an  aeeonnt  of 
certain  experiments  made  by  them  in  Paris,  in  which  the  law  in  question 
had  been  rerified  to  the  extent  of  ^  atmospheres.  And  with  rarefied  air, 
of  whatever  degree  of  rarefaction,  the  law  has  been  found  true. 

All   gases   are   alike   subject  to  this  law,  and  all 
f^U'  IS.  Tapors  of   Tolatile   liquids,   when  remote  flrom  their 

points  of  liquefaction.*  It  is  a  matter  of  the  greatest 
importance  in  practical  chemistry,  since  it  gives  the 
means  of  making  corrections  for  pressure,  or  deter- 
mining by  calculation  the  change  of  volume  which  » 
gas  would  suffer  by  any  given  change  of  external 
pressure. 

Let  it  be  required,  for  example,  to  solve  the  follow- 
ing problem:  We  have  100  cubic  inches  of  gas  in  a 
graduated  jar,  the  barometer  standing  at  29  inches; 
how  many  cubic  inches  will  it  occupy  when  the  column 
rises  to  80  inches? — Now  the  volume  must  be  inversely 
as  the  pressure:  consequently  a  change  of  pressure 
in  the  proportion  of  29  to  80  must  be  accompanied  by 
a  change  of  volume  in  the  proportion  of  80  to  29,  the 
30  cubic  inches  of  gas  contracting  to  29  cutiio  inches 
under  the  conditions  imagined.    Hence  the  answer: 

30  :  29  =  100  :  96-67  cubic  inches. 

The  reverse  of  the  operation  will  be  obvious.  The 
pupil  will  do  well  to  familiarise  himself  with  the  sim- 
ple calculations  of  correction  for  pressure. 

From  what  has  been  said  respecting  the  easy  oom- 
pressibility  of  gases,  it  will  be  at  once  seen  that  the 
atmosphere  cannot  have  the  same  density,  and  cannot 
exert  equal  pressures  at  different  elevations  above  the 
sea-level,  but  that,  on  the  contrary,  these  must  dimin- 
ish with  the  altitude,  and  very  rapidly.  The  lower 
strata  of  air  have  to  bear  the  weight  of  those  above 
them ;  they  become,  in  consequence,  denser  and  more 
compressed  than  the  upper  portions.  The  following 
table,  which  is  taken  from  Prof.  Graham's  work, 
shows  in  a  very  simple  manner  the  rule  followed  in 
this  respect: 


IIclf;ht  abore  the 

•w.  in  milM. 

Tolame  of  air. 

in  inchoi. 

0 

.        1     . 

.     30 

2-706 

2 

16 

5-41       . 

.        4     . 

.       7-5 

8-116 

8 

8-75 

10-82      . 

.     16    . 

.       1-876 

13-626 

32 

0-9376 

16-23      . 

.     64     . 

.       0-46876 

The  numbers  in  the  first  column  form  an  arithmetical  series,  by  the  con- 
stant addition  of  2-705;  those  in  the  second  column  an  increasing  geomet- 
rical series,  each  being  double  its  predecessor:  and  those  in  the  third,  a 
decreasing  geometrical  series,  in  which  each  number  is  the  half  of  that 
standing  above  it. 

*  Near  tho  liqnefVing  point  tho  Uw  no  longer  holds :  the  Tolnme  dlminUhM  SM 
than  the  theory  indicHtot,  a  smaller  amonnt  of  prewore  being  then  raffldent. 


OF  THK   ATHOSPHBBE. 


m. 


Fig.  n. 


In  ii«cciifliiig  into  tlie  air  ia  a  balloon,  these  effects  arc  well  obscryed ; 
ill*  expnnsioa  of  the  gas  witbia  the  machinQf  aad  th«  fall  nf  the  mercury 
in  tlic  birometer.  eoou  indicate  to  the  vojager  the  fact  of  IiIh  having  If^fl 
belovr  bim  a  considtirable  part  of  the  whole  atmoi^phLTe* 

The  inrention  of  Ihe  baronieter^  which  look  place  in  the 
jear  1ft lit*  hy  Torrioellt,  a  pupil  of  the  cekbratod  GuUk-Ot 
«|w«rltly  led  to  the  obeerTation  that  the  atmospheric  pr(^!^Mure 
•i  the  same  lerel  in  nut  cunatant.  but  po^^esgetj,  on  rhe  con- 
♦t»ry,  a  small  range  of  YariaLion,  i^eltlom  exceeding?  in  Europe 
2  or  2*5  inches,  and  within  the  tropics  usuiillj  confined  within 
isueb  narrower  Itmils.  Two  kinds  of  variations  are  distin- 
gittsbed:  regular  or  horary,  and  irreguliir  or  accidental.  It 
hMM  been  observed  that  in  Ktirope  the  heij^hl  of  the  haronieter 
i»  gr<tata«i  at  two  periods  in  the  twenty-four  hour^f,  depending 
ujHin  the  sea»ou.  In  wiot-or,  ihe  firnt  inuxiinum  taken  plaee 
about  9  A.  M.,  the  first  ininiinnm  at  3  p.  m.,  after  which  tho 
rocreury  *ffiun  rises  and  aftnin^  il*  greatest  elevation  at  9  in 
the  eTenin^:  in  summer  Ihei^c  hours  of  the  iierial  tidea  are 
ioinewhal  altere<L  The  aceidLmtal  variatioiiB  are  much  griNiter 
in  amount,  and  render  it  extremely  ditticult  to  trace  the  rtgu- 
lar  cbaugea  above  mentioned. 

The  barometer  i«  appLted  with  great  advantBge  to  the  niea- 
euretnent  ot  acce«<itble  heightift,  and  It  ta  abo  in  daily  use  for 
foretelling  the  stale  of  the  weather;  its  indications  are  in  thh 
r  '  •  xtremely  deceptive,  eioept  in  the  casie  of  sudden  itnrl 
irms,  which  are  almost  alwayii  preceiled  by  a  rfipid 
—  -  .  -ii'  mercurial  column.  It  is  often  extremely  uaeful  in 
tilts  respect  ai  aea. 

To  the  practical  chemtit  a  moderately  good  barometer  is  an 
indiipen»iblc  article,  since  in  %\X\  cNpcriint^'ntM  in  wbich  Tohime^ 
of  gA^es  arc  to  be  e«jlii»!ite<K  an  acconiU  must  be  taken  ot  ihit 
a.lmi>Hpbenc  pressure,  Fig.  ill  represents  a  very  convenient 
*nHl  ecttioomiiral  «yphou-barometer  for  this  purpo,'*e.  A  piece 
of  n-  "  -  '  fiMit  tubi*,  of  about  one  third  *if  un  inch  in  dtum- 
e-lr:  nut  at  the   glaiiiH-hotitte,  sealed  at  one  eRtreinity, 

ant  »   ihe   syphon-form,    as    reprcijeiited.     l*nre  and 

warm  mercury  i-^i  neit  introduced  by  succoi^ive  portions  uiilil 
the  tube  ia  cotnpleiely  filled,  and  the  latter  being  held  iu  an 
upright  positiofu  the  level  of  the  metal  in  the  lower  and  op>cn 
Itmb  i»  coDTeniently  adjusted  by  iiidplacing  a  portion  with  a 
sCioik  or  glasj  rod>  The  barometer  is,  la8tly,  atlatdied  to  a 
boiird,  and  furnished  with  a  long  scale,  made  to  slide,  which 
mar  be  *>(  box'wood,  with  a  slip  of  ivory  at  each  end.  When 
an  observation  la  to  be  taken,  the  huver  extremity  or  lero  of 
the  9cale  id  place<l  exactly  even  with  the  mercury  in  the  A\<trt 
limb,  Atid  then  the  height  af  the  coluum  ia  at  oaoe  read  oC 
4« 
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HEAT. 

IT  will  be  eonTeiiient  to  consider  the  sobject  of  heat  under  seTeral  sec- 
lions,  and  in  the  following  order : — 

1.  Expansion  of  bodies,  or  effects  of  yariations  of  temperature  in  alter- 

ing their  dimensions. 

2.  Conduction,  or  transmission  of  heat. 
8.  Change  of  state. 

4.  Specific  heat. 
6.  Sources  of  heat. 
6.  Dynamical  theory  of  heat. 

The  phenomena  of  radiation  must  be  deferred  until  a  sketch  has  been 
given  of  the  science  of  light. 

EXPANSION. 

If  a  bar  of  metal  of  such  magnitude  as  to  fit  accurately  to  a  gauge,  when 
cold,  be  heated  considerably,  and  again  applied  to  the  gauge,  it  will  be  found 
to  have  become  enlarged  in  all  its  dimensions.  When  cold,  it  will  onco 
more  enter  the  gauge: 

Again,  if  a  quantity  of  liquid  contained  in  a  glass  bulb,  furnished  with 
a  narrow  neck,  be  plunged  into  hot  water,  or  exposed  to  any  other  source 
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Fig.  a. 


Fig.2L 
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of  heat,  the  liquid  will  mount  in  the  stem,  showing  that  its  volume  has 

been  increased.     The  bulb,  however,  has  likewise  expanded  by  the  heat, 

and  its  capacity  has  consequently  been  augmented.  -  The  rise  of  the  liquid 

in  the  tube,  therefore,  denotes  the  difference  between  these  two  expansions. 

Or,  if  a  portion  of  air  be  confined  in  any  vessel,  the  application  of  a 

slight  degree  of  heat  will  suffice  to  make  it  occupy  a  space  sensibly  larger. 

This  most  general  of  all  the  effects  of  heat  furnishes  in  the  outset  a 

principle,  by  the  aid  of  which  an  instrument  can  be  constructed  capable 

of  taking  cognizance  of  changes  of  temperature  in  a  manner  equally  ac- 

curate  and  conTCDieni:  such  an  instrument  is  the  thermometer. 

A  capillary  glnsa  tube  is  chosen,  of  uniform  diameter;  one  extremity  is 

closed  and  expanded  into  a  bulb,  by  the  wd  of  the  blow^V'p^  i^axnt,  wttA.  v\i^ 
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other  »oinewhftt  drftwn  o«t»  and  left  flppn.     The  bulb  ii  now  cftiitionslj 
heftliHl  by  a  epirU-lamp,  aod  the  open  txireoutv  plunged   itito  ti  vcwi<el  of  * 
mercury,  a  portion  of  wbicli   riaes   hiio  ibe   bulb  vvben   the  lutt^r  cool%  ~ 
replji«]iig  the  air  which  had  been  expanded  and  driven  out  by  the  hciiUl 
By  «g«iin  applying  the  fliitne,  und  cnuMng  thi»  merenry  to  boil,  the  rcuiaia- 
der  of  the  air  i^  eastily  expelled,  ami  the  whole  space  tilled  with  niercnrial 
fapor.     The  open  end  of  the  inbo  uiuat  now  be  imuiediately  plungod  into 
the  Yes8«*l  filled  with  mercury:  as  thi?  meinUie  vapors  comlentiL*,  the  pre§- 
•art)  of  the  external  air  forueg  ihc  liqnid  metal  into  the  ioBlruuienl,  until 
ftnall)'  the  tnbc  is  completely  filled  with  mercury.     Thtj  thermometer  ihiiS| 
ftUfd  in  ttowr  lo  be  berated  until  so  much  mercury  has  been  driven  out  by] 
th«  eipntisioa  of  the  remainder,  that  ilN  level  in  the  ttibo  shall  stand  all 
common   temperatures  at    I  be  point  required.     This  being  ^alinfactorilj  ] 
A^ju.^st^d,  the  heat  i»  once  more  applied,  until  tli&  colntnn  Tises  i|uite  to  the 
top;  and  then  the  exiremity  of  the  lube  i»  bermelically 
leakd  by  the  blowpipe*     The  retrsiction  oftho  mercury 
on  cooling  now  leaved  an  empty  Hpnue,  wbi«b  ia  etn^en- 
lial  to  the  perfection  of  the  instrument. 

The  thermometer  has  yet  to  be:  gradnated;  and  lo 
maJco  its  indicationA  comparable  xvilii  ihoMe  of  other 
ib»trumentit,  a  scale,  having  att  ihe  leaiit  two  fixed 
point M,  muHl  be  nilcipled  to  it. 

It  hiie  been  observed^  thut  the  lemperninro  of  melting 
ice,  that  is  to  my.  of  a  mixture  of  ice  nn«l  water,  is 
tlwayn  constant;   a  thermonieter,  ntready  graduated, 

5 lunged  into  *uch  a  mixture^  nlwnyii  markn  tbe  same 
egrec  of  temperature,  and  a  aimpie  tulte  filled  in  the 
manner  described  and  no  treated,  exhibiia  (he  same 
effect  in  the  uncbtinged  hcigbt  of  the  tittle  mercurial 
column,  when  tried  from  day  to  day.  The  treezing- 
point  of  water,  or  meHing*point  of  lee»  constitutefl  thea 
one  of  the  invariable  temperatures  demanded. 

Anothor  is  to  be  found  in  the  boiling-point  of  water,  or,  more  accurately, 
in  the  (einperalure  of  steam  which  rises  from  boiliiig  water.  In  order  to 
give  thia  temperature,  which  remain ji  perfectly  coni^tant  whilst  the  baro- 
nietrio  pretrture  la  constant,  to  the  mercury  of  the  ihermouieter,  tli8tiUed 
water  is  made  to  btiil  in  a  glaaii  vuT'Sel  ivith  a  long  neck,  wbm  the  preFMure 
is  at  30  inehei  (fig.  113 J,  The  thermometer  in  then  no  placed  that  all  ihe 
mercury  is  surrounded  with  fteam.  It  quickly  ris^em  to  n  fixed  pain  I,  f«tbd 
there  it  remains!  as  long  as  the  water  boib,  atul  tbe  height  of  tbe  burouieter 
ia  irt!' ' * -I 

T  '^tng  been  carefully  nmrketl  with  a  file  nt  these  two  points,  it 

reniM  ide  the  interval   inlo  degrees:   Ibis  division  is*  entirely  arbi- 

trary, Ihc  tfcule  now  moi*i  generally  employed  ia  the  Centijzrade,  in  which 
the  apace  In  divided  into  ltH>  pnrts,  the  lero  being  pliiced  at  the  freeiing- 
poioi  of  water,  Tbe  Acale  19  continued  above  and  below  these  points, 
Itumbers  below  0  being  dit<tinguiithed  by  the  negntive  sign. 

Jq  England  the  division  of  Pahrenheii  t«  wtill  in  ns»e:  (he  above-mentioned 
•Mce  in  ilivided  into  IK)  degrei-p;  but  the  zero,  in«*tead  of  etnrting  from 
ihe  freezing  iMiint  of  water,  ia  phiccd  8J  degr*rcft  below  it,  so  that  the  tetu- 
peraTure  of  ebullilion  i»  expresse^l  by  212**. 

The  plnn  of  tCeiiumur  i^  neiirly  confined  lo  a  few  placet  In  Ihvi  norfh  of 
Germ  Any  and  lo  ttn^iiia:  in  this  acalo  the  free  ling*  point  of  water  ia  made 
0^,  and  the  boiling-point  St)**, 

It  in  uiitortu/jM/<>  fhMf  n  itniform  fiy&tt*m  hris  not  been  getveraWif  ado^VctV 
m  jfta'/untiu^  f/n'rwonn'tvrM t  thiH  wfinid  n-nder  unnece»i<fttv  iVve  \\\\nyr 
which  non  ^o  frv^uviith  h»,  to  he  performed  of  lri.ft?iUtmg  iU*s  Vautuu^* 
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of  one  scale  into  that  of  another.  To  effect  this,  presents,  however,  no 
great  diflioulij.  Let  it  be  required,  for  example,  to  know  the  degree  of 
Fahrenheit's  scale  which  corresponds  to  60°  G. 

100*>  C  ■=  180<»  P,  or  6«  C  =  y>  P. 
Consequently, 

5  :  9  =  60  :  108. 

But  then,  as  Fahrenheit's  scale  commences  with  82°  instead  of  0°,  that 
number  must  be  added  to  the  result,  making  60°  C  aes  140°  F. 

The  rule  then  will  be  the  following :  •—  To  convert  Centigrade  degrees 
into  Fahrenheit  degrees,  multiply  by  9,  divide  the  product  by  5,  and  add 
82;  to  convert  Fahrenheit  degrees  into  Centigrade  degrees,  subtract  82, 
multiply  by  6,  and  divide  by  9. 

The  reduction  of  negntive  degrees,  or  those  below  xero  of  one  scale  into 
those  of  another  scale,  is  effected  in  the  same  way.  For  example,  to  con- 
vert—  16°  C.  into  degrees  of  Fahrenheit — 

9 
We  have  — 16  X  —  +  82  =  —  27  +  32  =  +  5  P. 
6 

In  this  work,  temperatures  will  always  be  given  in  Centigrade  degrees, 
unless  the  contrary  is  expressly  stated. 

Mercury  is  usually  chosen  for  making  thermometers,  on  account  of  its 
regularity  of  expansion  within  certain  limits,  and  because  it  is  easy  to 
have  the  scale  of  great  extent,  from  the  large  interval  between  the  freezing 
and  boiling  points  of  the  metal.  Other  substances  are  sometimes  used: 
alcohol  is  employed  for  estimating  very  low  temperatures,  because  this 
liquid  has  not  been  frozen  even  at  the  lowest  degree  of  cold  which  has  been 
artificially  produced. 

Air-thermometers  are  also  used  for  some  few  particular  purposes ;  indeed, 
the  first  thermometer  ever  made  was  of  this  kind.  There  are  two  modifica- 
tions of  this  instrument:  in  the  first,  the  liquid  into  which  the  tube  dips  is 
open  to  the  air;  and  in  the  second,  shown  in  fig.  24,  the  atmosphere  is 
completely  ^excluded.  The  effects  of  expansion  are  in  the  one  case  compli- 
cated with  those  arising  from  changes  of  pressure,  and  in  the  other  cease 
to  be  visible  at  all  when  the  whoU  instrument  is  subjected  to  alterations  of 
temperature,  because  the  air  in  the  upper  and  lower  reservoir  being  equally 
affected  by  such  changes,  no  alteration  in  the  height  of  the  fluid  column 


Fig.  25. 


HEAT. 


45 


eftH  <»cCttr.  Accordingly,  such  iDstrunients  are  called  diftrmtmt  ihermom- 
ei«?r»*  mnce  llicy  »erve  lo  mcamire  ditft^rences  of  tLMiiperiiiiuri!  belweeu  Uio 
two  portions  of  aitf  wbile  changes  affecting  both  alike  &re  uol  iudicated, 
Fig,  2b  6bow9  another  form  of  the  siime  iii>trumeiit. 

The  air-therniometer  may  be  eniplovcd  fur  mcu!4urin0;  all  tempcrulyret 
IVom  the  lowest  to  the  highest;  M,  l*ouiUei  has  ilescribed  one  by  vvlueh  thtf  I 
h*«t  of  an  air-furnace  could  be  meatfurod.     The  reservoir  of  this  ini<iru-( 
ment  is  «»f  platitiuni,  and  it  is  coiiticctfd   with   a  piece  of  ap]>3iriiUi8  b|t^| 
wbioh  the  increu^e  of  Tolunie  experienced  by  the  included  Hir  is  deleniiiuoilcl 

An  excellent  air-thermometer  has  been  constructed  and  ujsed  by  Kiidberg, 
ftQ<l  more  recently  by  Magnua  and  Ueguault^  for  meajiuring  the  expani»ion 
of  the  air      Its  construction  depends  on  the  law,  that  when  air  is  hcalcil| 
and  hindered  from  exprinding,  its  tension  iucreat^cft  in  Llie  eianie  proporlioikj 
in  which  ir  would  hare  increased  in  volume  if  permitted  to  eifutud. 

All  bodies  are  enlarged  in  their  dimen^ionH  by  the  applicatirm  of  heat, 
and  reduced  by  its  abstraction,  or,  in  oi her  words,  contrftct  ou  hciug  artifi- 
cially cooled :  this  effect  takes  place  to  a  comparatively  gnmll  exit'Ui  with 
solids,  to  a  larger  amount  in  liquids,  and  mo.sl  of  all  in  the  ceihc  of  gases. 

Each  solid  and  li<|uid  huB  a  rtite  of  expansion  peculiar  to  its-elf;  gasea, 
an  the  contrary,  expand  nearly  alike  for  the  bame  iucreai^c  of  heat 

/'  /  iSo/*ti»,— The  difference  of  expansibility  among  giolids  ie  very 

eaM  ted  by  the  following  arrangemetit:   athin,  Btraighlbur  of  iron 

it  ti  t.  by  numerous  rivoia,  to  a  similar  bar  of  bror^^:  t^o  long  as 

th«  ire  at  which  the  two  metafs  were  united  rcmaiiiB  uuthanged, 

Ihe  .  i  bar  preserves  its  straight  figure;   but  any  ulteraliwti  of  tem- 

perature give^  ri»o  to  a  corresponding  curvature,     Brasw  is  nnare  dibitablf  i 
than  iron;  if  the  bar  be  heated,  therefore,  the  former  cxpandn  more  ibHii 
the  latter,  and  forces  the  Btrnight  bar  into  a  curve,  whowe  convex  fiide  is 
ihebrasa;  if  it  be  artificially  cooled,  the  brass  contracts  more  than  the 
ironi  and  the  reTcrao  of  this  effect  is  produced. 

Fi9  38- 
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This  fact  has  received  a  mciat  valuublo  application.  It  is  not  necessary 
lo  in^si^t  on  the  importance  of  possesi^ing  inHtrunientH  fur  the  accurate  mea- 
suretncnt  of  time;  such  are  absolutely  mdiMpenj^able  to  the  successful 
euUiTation  of  astronomical  science,  and  not  less  useful  to  the  navigator, 
from  the  assistance  they  give  him  in  finding  the  longitude  at  sea.  For  a 
long  time,  notwithstanding  the  perfection  of  finii<h  and  iidjuHtment  be- 
itowed  upon  clocks  and  watches,  an  apparently  insurmountable  obstacle 
prv?'ented  it-elf  to  their  uniform  and  regular  movement:  thin  obstacle  was 
thi^  change  of  dimension>^  to  which  the  regubiting  parts  of  the  machino 
were  lubject  by  alterations  of  temperature.  A  clock  umy  be  ilcfmed  as  an 
instrument  for  registering  the  number  of  bt'ats  iiuide  liy  a  penduUim:  now 
the  time  of  oscillation  of  a  pendulum  dvpvtulu  pnnet/KiUjf  upon  Vl*  Vu^\\i\ 
any  alter»/if>ii  lit  thh  coodUioa  \fiU  ffcriou^ly  effect  tlie  rate  ol*  iV\e  i:\oc\l, 
rA«-  m^tvHalof  which  the  rod  of  the  fiendulum  is  coiiipoBed  \»  sw\mct  Vo 
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adjusted  to  Tibrate  seconds  at  16*5^  would  go  too  slow  if  the  temperature 
rose  to  2(P,  from  its  becoming  longer,  and  too  fast  if  the  temperature  fell 
to  l(Pf  from  the  opposite  cause. 

This  great  difSculty  has  been  overcome  by  making  the  rod  of  a  number 
of  bars  of  iron  and  brass,  or  iron  and  zinc,  metals  wtiose  rates  of  expan- 
sion are  different,  and  arranging  these  bars  in  such  a  manner  that  the 
expansion  in  one  direction  of  the  iron  shall  be  exactly  compensated  by 
that  in  the  opposite  direction  of  the  brass  or  zinc,  it  is  possible  to  maintain 
under  all  circumstances  of  temperature  an  inrariable  distance  between  the 
points  of  suspension  and  of  oscillation.  This  is  often  called  the  gridiron 
pendulum;  fig.  27  will  clearly  illustrate  its  principle ;  the  shaded  bars  are 
supposed  to  be  iron  and  the  others  zinc. 


Fig.  27. 
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A  still  simpler  compensation-pendulum  is  thus  constructed.     The  weight 

or  bob,  instead  of  being  made  of  a  disc  of  metal,  consists  of  a  cylindrical 

glass  jar  containing  mercury,  which  is  held  by  a  stirrup  at  the  extremity 

of  the  steel  pendulum-rod,  fig.  28.     The  same  increase  of  temperature 

which  lengthens  this  rod,  causes  the  volume  of  the  mercury  to  enlarge, 

and  its  level  to  rise  in  the  jar:  the  centre  of  gravity  is  thus  elevated,  and 

by  properly  adjusting  the  quantity  of  mercury  in 

the  glass,  the  virtual  length  of  the  pendulum  may 

be  made  constant. 

In  watches,  the  governing  power  is  a  horizontal 
weighted  wheel,  set  in  motion  in  one  direction  by 
the  machine  itself,  and  in  the  other  by  a  fine  spiral 
spring.     The  rate  of  going  depends  greatly  on  the 
diameter  of  this  wheel,  and  the  diameter  is  of  ne- 
cessity subject  to  variation  by  change  of  tempera- 
ture.    To  remedy  the  evil  thus  involved,  the  cir- 
cumference of  the  balance-wheel  is  made  of  two 
metals  having  different  rates  of  expansion,  firmly 
soldered  together,  the  more  expansible  being  on  the 
outside.     The  compound  rim  is  also  cut  through  in  two  places,  as  repre- 
sented  in  the  drawing.      When  the  watch  is  exposed  to  a  Yi\^\\  \em^erature, 
»aa  ihe  diameter  of  the  wheel  becomes  enlarged  by  expaikaVoii,  «a<i>a.  ^%. 
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;  18  msde^  by  the  s&me  iigency,  to  sifsume  a  abArper  ©uttc,  whereby 
\  ccnlrc  of  gmvily  is  ihronn  inward,  ami  the  t;3L{>aui<ive  effect  c«mj>letttiy 

DtupeDs;aled.  Muiiy  other  beuuiiful  uppHcaiioiiH  of  ilu^  ^atue  itriti<;iple 
^ighl  be  pointed  out:  the  luetiLlHc  Llicrtuouji^ier  of  M,  Brcguet  ii»  tiiie  of 

tiese. 
Mr.  Daniell  very  skilfully  applied  Ihc  eipanaion  of  a  rod  of  metal  to 

be  mcavurenicni  of  temperatures  above  ihosMJ  cnpabte  of  being  itidicated  by 

thermometer.     A  rod  of  iron  or  pla- 
num, about   fire   inches  loag«  is  dropped 

^to  a  tube  of  black  lead  earthenware,   a 

(Itle    cyliuder  of  baked  porcelaio  ia  put 

ter  it,  and  secured  id  its  place  by  a  pla- 
linum    strap    and    a   wedge    of    porcebiin. 

fhen  the  whole  is  eicposed  to  beat,  the  ex- 

in^sjon    of    the    bar    drives    forward    the 

jrlinder,  which  moirea  with  a  ceit^uti  di^- 
free  of  friction^  and  flhows,  by  the  extent 
of  lift  displacement,  the  Icngllicniiig  wUicb 
the  bur  has  undergone.  It  remains,  there- 
fure,  (0  measure  the  amount  of  iti«  dii^place- 
ment,  which  roust  be  vcrj'  small,  efen  when 
the  bea^t  has  been  exceedingly  inteiiae. 
This  ta  effected  by  ibe  conirivuiice  shown 
in  figure  •)(),  in  which  the  motion  of  the 
loDger  arm  of  the  lever  carrying  the  vernier 

of  the  scale  is  multiplied  by  10»  in  consequence  of  its  anperior  lenpftK  The 
tcale  irself  is  made  comparable  with  that  of  the  ordinary  thermuQieter,  by 
plunging  the  instrument  into  a  hath  of  mercury  ueitr  III*  point  of  congela- 
tion, and  afterwards  into  iiuoiher  of  the  eume  metnl  in  a  boiling  Htute,  and 
marking  off  the  intervaL  By  this  instrument  the  mtiliing-poiuL  of  cast 
iron  was  fixed  at  15SC^  C.  (2781)°  F.)^  and  the  greatest  heat  of  a  good  wind- 
fumade  at  about  18i6*»C.  (339(F  F.) 

The  actual  amount  of  eipauBton  which  different  solids  undergo  by  the 
itme  increase  of  heat  has  been  carefully  jnTestigated.  Tho  following  are 
ftome  of  the  results  of  the  best  inveati  pat  ions,  more  particularly  those  of 
Laroisier  and  Laplace.  The  fraction  indicates  the  amount  of  oxpan»-iun  in 
length  suffered  by  rods  of  the  undermonlioned  bodies  in  passing  from  0° 
to  lOO**: 


firwood* , 

English  flint  glass 
j  Platinumf 
p'Comoion  white  glastit 

Comm itn  white  glass} 

G1aa»  without  lead 
I  ,Aoot  her  specimen 
^  6te«l  UAtempered 


ttVt 

Tempered  steel 

tAt 

Soft  iron 

tXt 

Gold 

tAt, 

Copper . 

rVrr 

Brass 

TlVl 

SilYer    , 

la^ 

Lead 

,h 

Zino 

increase  of  volume) 
ill ffi rent  directions 


From  the  lifMor  expansion,  the  mhie  expansion  (or 

%j  be  calculated.      When  the  expanMion  of  a  body  in 

f«^uaL  •?,  ff»r   exam  pi  e^   in   glass,   hammered   metals,   iin<l    pen  e  rally  in 

uticryetalliied  substanccsT  it  will  be  sutHeienL  to  triple  the  fraction 

iin%  the  iticreaso  in  one  dimension.     This  rule  does  not  hoH  l¥ue 


J^v«|«lcr  awJ  LapliHM ;  t,\ia  MlgbUft, 
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for  crystals  belonging  to  irregular  systems,  for  they  expand  unequally  in 
the  direction  of  the  different  axes. 

Metals  appear  to  expand  pretty  uniformly  for  equal  increments  of  heat 
within  the  limits  stated  ;  but  above  the  boiling-point  of  water  the  rate  of 
expansion  becomes  irregular  and  more  rapid. 

The  force  exerted  in  the  act  of  expansion  is  very  great  In  laying  down 
railways,  building  iron  bridges,  erecting  long  ranges  of  steam-pipes,  and 
in  executing  all  works  of  the  kind  in  which  metal  is  largely  used,  it  is 
indispensable  to  make  provision  for  these  changes  of  dimensions. 

In  consequence  of  glass  and  platinum  having  nearly  the  same  amount  of 
expansion,  a  thin  platinum  wire  may  be  fus^  into  a  glass  tube,  without 
any  fear  that  the  glass  will  break  on  cooling. 

A  very  useful  little  application  of  expansion  by  heat  is  that  of  the  cut- 
ting of  glass  by  a  hot  iron:  this  is  constantly  practised  in  the  laboratory 
for  a  great  variety  of  purposes.  The  glass  to  be  cut  is  marked  with  ink 
in  the  required  direction,  and  then  a  crack,  commenced  by  any  convenient 
method,  at  some  distance  from  the  desired  line  of  fracture,  may  be  led  by 
the  point  of  a  heated  iron  rod  along  (he  latter  with  the  greatest  precision. 

Ezpansion  of  Liquid*. — The  dilatation  of  a  liquid  may  be  determined  by 
filling  a  thermometer  with  it,  in  which  the  relation  between  the  capacity 
of  the  ball  and  that  of  the  stem  is  exactly  known,  and  observing  the  height 
of  the  column  at  different  temperatures.  It  is  necessary  in  this  experiment 
to  take  into  account  the  effects  of  the  expansion  of  the  glass  itself,  the 
observed  result  being  evidently  the  difference  of  the  two. 

Liquids  vary  exceedingly  in  this  particular.  The  following  table  is  taken 
from  P^olet's  ^lementt  de  Physique: 


Apparent  Dilatation  m  Glass  between  (f*  and  100^. 

Water 

Hydrochloric  acid,  8p.  gr.  1*1S7        .... 

Nitric  acid,  sp.  gr.  1*4 

Sulphuric  acid,  sp.  gr.  1  -85 

Ether      

Olive  oil 

Alcohol 

Mercury 

Most  of  these  numbers  must  be  taken  as  representing  mean  results ;  for 
there  are  few  liquids  which,  like  mercury,  expand  regularly  between  these 
temperatures.  Even  mercury  above  100°  shows  an  unequal  and  increasing 
expansion,  if  the  temperature  indicated  by  the  air-thermometer  be  used 
for  comparison.  This  is  shown  by  the  following  abstract  of  a  table  g^ven 
by  Regnault : 


RMdingofAir 

ReMUngofMercarUl 

Temperatuit*  deduced  from  the 

Tbenuoiueter. 

alMulute  cxpanttioD  of  Mercury. 

0« 

0° 

0° 

lOOo 

100° 

100° 

200*» 

200° 

202-78° 

800° 

801° 

308-84° 

850° 

864° 

362-16° 

The  absolute  amount  of  expansion  of  mercury  is,  for  many  reasons,  a 
point  of  great  importance:  it  has  been  very  carefully  determined  by  a 
method  independent  of  the  expansion  of  the  containing  vessel.  The  ap- 
paratus employed  for  this  purpose,  first  by  MM.  Dulong  and  Petit,  and 
later  by  Regnault,  is  shown  in  fig.  81,  divested,  however,  of  many  of  its 
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ordhmte  part^.     U  consists  of  two  upright  glass  tubes,  connputed  at 
.^.,t  ih.^r  .,  h.^r\ron\ik\  tube  of  much  smaller  ditnGiijiiona.     Since  a  free 
€  between  the  two  tube?,  mercury  poured  into  tha  one 

u  It'Ttil  in  the  otber.  provided  iia  temperature  is  the 

surne  in  both  tiibe!i;  when  this  is  not  the  ca^^e,  the  hotter  column  will  bo 
tht  taller,  b^Auae  the  expansion  of  the  metal  elirainij^hea  its  Hpeeific  grnvity, 
and  the  law  of  hydrostatic  equilibrium  requires  that  the  height  of  mich 
columns  nhorild  b«  inverwely  ii»  I  heir  densitiets.  By  tlie  nid  of  the  out<*r 
ev"     '.  *He  of  the  tubes  is  mainUiined  cou^lantly  at  {l*^.  while  the  other 

J-  y  means  of  heated  water  or  oil»  to  any  requiri'd  lempernture. 

Ti  ir.M.i.iT.  ii.M^rtim  of  the  columna  miiy  theti  be  read  off  by  a  hori- 

fill  til  I :  M^i,  moving  on  a  vertical  divided  sealo, 

Ifp  -  I  :         III   volumes  of  equjil  weig^ht.  because  voluraef  of 

e«{un1  weight  bear  un  inverse  proportion  to  the  densities  of  the  liquids,  so 
thai  the  amount  of  expansion  admif?*  of  iR-iiig  very  easily  calculated*  ThuK» 
l#t  the  culumn  at  0*^  be  h%  inches  high,  and  that  at  lOtt'^,  6108  inches;  the 
increase  of  height,  lU8oti  6000,  ur  ^j ^  part  of  the  actual  cubical  expaQiion. 


Tb«  intlicfttions  of  the  mercurial  thermometer  arc  inaccurate  when  very 
high  rang^ti  (*f  temperature  are  concerned,  from  the  inereut^edi  expatisi- 
bility  of  the  metal.  The  error  thun  caused  is»  however,  nearly  com|u*n- 
*^«..j  i..r-  roMiiri.Tjitures  under  *10\'o°  by  the  expansion  iif  the  glaj^M  tube  For 
t  u re»  a  small  I'orrection  i»  riecesj^ary,  ns  the  above  table  shows, 

ii»  the  exftaoiiion  of  different  liquids  may  vary  bi*twef^ii  the 
•aine  u*tiip«r>iiures  is  obvious  from  a  glance  at  fig.  32,  which  represents  the 
rtpftHAion  of  murcury  {M\,  waier  ( W ),  oil  of  lurpeuline  ^T),  and  alcohol 
(.Mi,  A  column  of  these  several  liquids,  equaling  at  0*^  the  tenfold  height 
oflhc  It  lie  II IM  in  the  diagratn,  would  exhibit,  when  heated  to  a  temper* 
•litre  of  1U^«  iiO''^   MO^,  &c«,  an  expansion  indicati^d  by   the  diiilauces  at 


10    30    »0    40    &0    00    TU    M)    W)    100  <> 


vliicli  itt^  pcrpf^ndieulnr  Imes  drawn  over  the  numbers  tO,  20,  30,  ke,^  «re 
fattcraeoted  by  the  corTesCbelfti^giO^  l^  ^t^'  of  rUct*  U<^uid»,    TVu«  VV  v» 


H£a?. 


i.i:  v..  '.i  TCT^a:.-!**  i«?^-r»*x  -.*  i»i  I»>]^.  ezyui^  Terr  ncftrly  -f^ 
'.1  .-•  i\  \vj:.  \\z  'xx:.  Ti*TT\j^.  '.-Kw**!  :**  %skM^  li&sts  of  tcnpentarc, 
•:xi^% ".'?•  1^..'  .•«^  T  « 1.  -t  -.1*  ri.'4  .f  *2Dai^..:&  vf  iA«Mfter  liquids  inereMCS 

A  a  »it*i*.>i  -■.  li*  r-rX'-  fcr-:T  :?  *xi'»r.«::«  it  !ioiivl«  exists  in  the  ease 
of  vfcr^r:  ::  .*  *•-.  ?-»-=.k7Cfc'i.>.  k:ii  "*  <*:-m**^:^a«&c«4  m  iBportuit,  tlui  it 

L^  »  l-krc*  :&«7s.>£:-t:«7-:..'t4  :*  f'.lfi  -riih  TMer  at  the  comnoa  tern- 
p-rfcv.r*  'A  ti»  kir.  &r.i  :i*a  aniicikllj  c«:«-i-  The  liquid  will  be  ob- 
••rrr*  1  'fj  c'.L:r*f..  --l::!  :i*  t^xp^rki-sre  ffcli«  io  aboai  4°  C.  (39-2*  F.,  or 
^'  *V/T^  Ta»  fr**t:i.g'i-o:z.i,  .Kf'.^r  :Li«  a  fun  her  rednciion  of  tempera- 
ture t%n**^  4'Zi-a&*v.<n  i&fiead  '.4  ecmr^ctlon  in  the  rolume  of  the  vater, 
ari'l  th:^  eip-.L^l>&  ^.x.t:l'^««  uct*!  ihe  !:quid  arriTes  at  its  point  of  con- 
filikt'ioTu  i>b«rn  «o  »a*l*i*-Ei  ftn-i  Tiv>ni  an  enlargement  takes  place  that  the 
T<-i>i><rI  >  al.ii''-i  iLT«riaiblT  broken.  At  the  lemperature  of  4®,  vater  is  at 
vn  rfi^iiEriiirn  density:*  iricre&§e  cr  diminution  of  heat  produces  upon  it, 
for  a  ••hort  iiin«.  tfae  same  effect. 

A  fM'aiiiiful  ezp^rinieni  >.>t  I>r  IToj.e  illustrates  the  same  fact.  If  a  tall 
}itr  fill'r']  with  watfrr  ai  Ki^  or  10°.  and  having  in  it  two  small  thermometers, 
out:  ai  ihe  boftorn  and  t?ie  other  near  the  surface,  be  placed  at  rest  in  a 
vry  cold  r<«oin.  the  following  changes  will  be  observed : — The  thermometer 
ai  ih«*  hotforn  will  fall  more  rapidly  than  thaL  at  the  top,  until  it  has  at- 
tiiincil  the  itMnperaiure  of  4^.  nncr  which  it  will  remain  stationarj.  Ai 
Itfii^th  the  upper  thermoineier  will  also  mark  4^,  but  still  continue  io  sink 
iiH  rapidly  hm  before,  while  that  at  the  bottom  remains  stationary.  It  is 
fu.xy  to  expluin  the^c  (■fTeoiH :  the  water  in  the  upper  part  of  the  jar  is  rapidlj 
<;oidcd  )»y  <:ontfiet  with  th<f  nir;  it  becomes  denser  in  consequence,  and  falls 
to  tho,  boiioiii,  itM  place  being  Fiipplici]  by  the  lighter  and  warmer  liquid, 
which  in  itH  turn  Huffcrs  the  same  change;  and  this  circulation  goes  on 
until  thft  whole  iuuhh  of  water  has  acquired  its  condition  of  maximum 
den  hi!  y,  that.  Ih,  until  the  tenipcruturc  haH  fallen  to  4^.  Beyond  this,  loss 
of  heat  occaHionH  expansion  inntcud  of  contraction,  so  that  the  very  cold 
wat(*r  on  the  Hurface  hu»  no  tendency  to  sink,  but  rather  the  reverse. 

ThiH  Hingulur  aiiomnly  in  the  behavior  of  water  is  attended  with  the 
nioHt  beneficial  conHcquciices  in  shielding  the  inhabitants  of  the  waters 
from  cxoPMHivo  cold.  The  deep  lakes  of  the  North  American  continent 
never  freeze,  the  intense  and  pr<»longed  cold  of  the  winters  of  those  regions 
being  iimuffieient  to  reduce  the  temperature  of  such  masses  of  water  to  4°. 
lee.  however,  of  great  thickness  formn  over  the  shallow  portions  and  the 
rivers,  and  aeeuniulntes  in  mounds  upon  the  beaches,  where  the  waves  are 
tlri\en  up  by  the  winds 

Above  the  freexing-point,  sea-water  has  no  point  of  maximum  density. 
The  more  it  is  cooled  the  denser  it  becomes,  until  it  solidifies  at -2-6^.f 
The  );rnduiil  expansion  of  pure  water  cooled  below  4°  must  be  carefully 
distinguiNhed  from  the  great  and  sudden  increase  of  volume  it  exhibits  in 
the  act  of  freezing,  in  which  respect  it  resembles  many  other  bodies  which 


•  Aivta.llni:  (•«  iho  luti-*!  ri»wi»;in-hi*>  of  Kopp.  tho  pi^Int  rif  pvAt 
4«*i''0  i;W ;•«!'*  V  V  Aiv«»nliiij:  lo  tiii>  iii'tiriiiiti:iii.iii<t  of  thi!<  |ih\ 
'-  1  «i  «»•'  r.  t-imiDtiii  whtMi  houtM  |i»  liio  luUnwiiiK  vi>hinii<!s«: 


(rroate4t  don*it7  of  the  vater  ia 
Mrist,  th«  Toliuiie  of  water 
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ipan'l  on  solidifying.     The  force  Ihiis  exerted  by  freeing  water  is  onor- 

|iou».     Thick  iron  thelb  *iiiitc  fil!^d  witU  water,  and  exposed,  with  their 

8e-lio1c§  securely  |>li4gged,  lo  the  cold  of  n  Canadiiin  winter  night,  huro 

een  found  fpllt  on  the  loUowing  morning.     The  freeiitig  of  water  in  the 

lints  and  ereTicei^  of  rocks  ]»  a  inosi  potent  agent  in  their  dlMintegritliuu, 

Krpanjtwn  of  UttMt*. — This  l»  a  point  of  gnat  practical  iniporijtuce  t<»  the 

hemih'f,  and   iiappilj  xve   have  tery  excellent  evidence  upon  the  i^nhjeet, 

hie    fullowing  four  propoattions  exhibit,  at  u  single  view,  the  principal 

cts  of  the  caaei 

1.  AU  f»Ms  azpMid  nearly  ftUke  for  equal  incretnents  of  beat;  and  all 

▼»porB,  when  remote  from  their  oondenaing  points,  follow  the  aame 

2.  Tlie  mlc  of  expannion  is  not  altered  by  a  change  in  the  state  of  com- 

pretitsion,  or  elastic  force  uf  the  g.is  itifi-lf. 
t.  The  rate  of  expansion  i»  uniform  for  all  dt'greea  of  heat. 
4-  The  a.ctual  amount  of  expaoftion  is  equal  to  ^\^  or  t^\\^  or  0-03666  of 

tJie  Tolume  of  Lhe  gas  at  0°'  (JentigradCr  for  each  degree  of  the  sauio 

ft  will  be  unnecessary  to  enter  info  any  ilepcription  of  the  methodl  of 
tnvestigaiion  by  which  these  rewilts  have  been  obiaitied;  the  advanced 
atudent  witl  find  in  Pouillet'w  Eiemrnfs  tte  i'Aiyjt/^wf,  and  in  the  paper»  of 
M«gnu9  and  Regnau!t,|  all  the  inforroation  he  may  require. 

In  the  practical  manipulati<»n  of  gases,  it  viry  often  becomee  necesaary 

I  make  a  correction  for  temperature,  or  lo  di.*-eover  how  much  tlir  volniue 

a  gat  would  be  increased  or  tjiminis'bed  by  a  particular  change  of  tern- 

erature;  thia  can  be  effected  with  great  fneiUty.     Lei  it  be  required,  fnr 

Kiiniple,   to   find    the  volutne   which  lUO   cTibic   inches*  of  any  gas  at   10* 

ould  become  on  the  temperature  rising  to  :iO*'. 

The  rate  of  expansion  is  ^Ij  or  j^J^  of  the  volume  at  0**  for  each  degree; 

8(KI0  measures  at  IP  become  :JUll    at  P.  8022  at  :i^  3110  at  10*»,  and 

220  al  20'^.     Hence 


Mam.  At  10°. 
8110 


Moaa.  (It  aP.         M<'A».  at  10®.        Mrn*.  at  JXP. 

3220       =         lOO        :       1U3  637 


Tf  this  ealcnlation  is  required  to  be  made  on  ihe  Fahrenheit  scale,  ii 
List  be  remembered  that  ihc  zero  of  thnl  scale  is  ?i2^  below  lhe  melling- 

ninl  of  ice.     Above  this  temperature  the  expauf^ion  for  each  degree  of 

he  Fahrenheit  scale  is  ^J,^  of  the  original  volume. 
This,  and  lhe  correction  for  pre^-sure,  are  operation**  of  very  frequent 

eearrenee  in  chemical  invcatigatioos,  ant  the  student  will  do  well  to  become 
itiar  with  ihem. 


^ 


X&ff.  — Of  the  fotir  propositions  slated  in  the  text,  the  first  and  seeond 
ire  recently  been  shitwu  to  he  true  within  cerliiin  limit;^  only;  und  lhe 
bird,  although  in  the  highest  degree  probable,  would  be  very  ditTiciilt  lo 
iruionKlratc  rigidly;  in  fact,  (he  equal  rale  of  expan^^ion  of  air  iw  nwNUoied 
i  ali  experiments  on  other  «iiibi»tance&t  Q^ud  becomes  the  standard  by  which 
lie  rcMtlts  are  measured. 

The  rate  of  expansion  for  the  different  gmees  J»  not  absolutely  the  same, 
lit  lhe  diiference  is  so  small  that  (or  most  purposes  tl  miiy  with  perfect 
ifety  be  neglected.     Neither  is  the  state  of  elasticity  altogether  indilierent, 

•  The  IVvctliia  yi^u  I*  very  rottvrnlt'nt  fbr  c«1fntati«n. 

f  Pt^Wg^'ntUtrtf*  Ai>iml«n,  iv.  1.  —  Ann.  Cliitti.  Ptij-v^  3<1  pcriw,  |v.  6,  and  V,  0& — See  alao 

^    ivm^R        ""    


VaUi^I 


ionary  or  Clieuiliirji',  ari.  Orur,  vir*t  in.  p.  46, 
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tke  expanaoB  being  seimUj  yrtmitr  for  aa  eqaml  rise  of  tcBpermtnrv  wbea 
tke  gad  u  ia  a  compreascil  state. 

It  is  unportaat  to  notice  tliat  the  greatest  deriations  from  the  rule  are 
exhibited  bj  tbooe  gases  which,  as  will  hereaAer  be  seen,  are  most  easily 
llqiieied«  such  as  carbon  dioxide*  cyanogen,  and  sulphur  dioxide:  and  that 
the  discrepancies  become  smaller  and  analier  as  the  elastic  force  is  Umened ; 
so  that*  if  means  existed  for  comparing  the  different  gases  in  states  efmmUy 
dui^mi  from  their  points  of  condensation,  there  is  reason  to  believe  that  the 
law  would  be  strictly  fulfilled. 

The  experiments  of  Dalton  and  Gay-Lossac  gire  for  the  rate  of  expan- 
sion j\^  of  the  Tolnme  at  0° :  this  is  no  donbt  too  high.  Thooe  of  Rodberg 
giTe  ji^z  those  of  Magnns  and  of  Regnanlt  ,fp 

The  ready  expansibility  of  air  by  heat  gires  rise  to  the  phenomena  of 
winds.     In  the  temperate  regions  of  the  earth  these  are  Tery  Tariable  and 
uncertain,  but  within  and  near  the  tropics  a 
mach  greater  regularity  prerails:  of  this  the 
trwdt-m-mdr  furnish  a  beantif^  example. 

The  smaller  degree  ef  obliquity  with  which 
the  «utt>  rays  lall  in  the  localities  mentioned, 
occasions  the  broad  belt  thus  stretching  round 
the  earth  to  become  more  heated  than  any  other 
fvkrt  of  the  surface.  The  heat  thus  acquired  by 
:Lb$orptioa  is  imparted  to  the  lower  stratum  of 
air.  which,  becoming  expanded,  rises,  and  gircs 
place  to  another:  and  in  this  manner  an  an* 
cett<ting  current  is  established,  the  colder  and 
hearier  air  streaming  in  laterally  from  the  mora 
temperate  regions^  north  and  south,  to  supply  the  partial  vacuum  thus  occa- 
sioned. .\  circulation  so  commenced  will  be  comfdeted.  in  obedience  to  tha 
laws  of  hydrostatics,  by  the  establishment  of  counter-enrrents  in  the 
higher  pans  of  the  atsM^phere,  hartng  directions  the  rererse  of  thooe  om 
the  surface. 

Such  is  the  effect  produced  by  the  unequal  heating  of  the  equatorial 
parts:  or.  more  correctly,  such  would  be  the  effect  were  it  not  greatly 
modified  by  the  earth's  morement  of  rv^tation. 

As  the  circumference  of  the  earth  is^  in  round  numbers,  about  24.000 
miles,  and  since  it  rotates  on  its  axis,  from  west  to  east,  once  in  24  hours^ 
the  equatorial  parts  must  hare  a  moii^^  of  li4i)0  miles  per  hour:  this 
Telocity  diminishes  rapidly  toward  each  pole,  where  it  is  reduced  to 
nothing. 

The  earth  in  its  rv^tation  carries  «iih  it  the  atmosphere*  whooe  Telocity 
of  moTement  correspinds,  in  the  absence  of  disturbing  causes*  with  that 
part  of  the  suKace  immediately  below  it.  The 
air  which  rusheo  toward  the  equator  to  rapplj 
the  place  of  that  raised  aloft  by  i'S  diminished 
density,  brings  with  it  the  degree  of  momen- 
tum Wlonging  to  that  portion  of  the  earth^t 
surface  from  which  it  set  out.  and  as  this  mo- 
iceatuu  ts  les:^^  than  that  of  the  earth  under 
ir<  ucv  pvv!iit:oB,  she  earsh  it<elf  traTels  faster 
than  the  str  iBtasedtately  oTer  it*  thus  pro- 
ducing the  ctf«rvi  \>f  a  wind  blowing  in  a  con- 
irairy  direct  tea  to  that  of  its  own  motion.  The 
orr|:iBal  n^^rth  and  svuith  winds  are  thus  doTi- 
ated  from  th<ir  prim t tire  directions,  and  made 
to  bh>w  more  or  I««s  frvm  the  eastward,  so  thai 
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hB  eoifiTllneil  eflVcU  of  the  unequal  lientinpr  nnd  of  »h(»  moToroent  of  rola* 
on  is  to  griierule  iti  tlie  noiilii^rn  hpiniriplicrf  a.  cooHtaut  north^casl  wmd^ 
1  iti  die  anuthern  henjisphere  nn  equally  coii^tnnt  south-fast  wind. 
Id  ihe  )*Hiiic  ninnuer  (be  upper  or  relurn  current  is  suhjeel  to  a  chnnge 
pcfion  in  the  reverse  order;  the  riipidly  luoviup  vviud  of  the  tropics^ 
ifttTcd  Interiiily  towardi*  tbc  pole**,  is  soon  found  to  irnvd  fuller  thun 
lb  beneiLtb  it,  producing  tlie  effect  of  a  westerly  wiud^  wbicb  modi- 
Irs  ibc  pntimry  current. 

The  rtf'gulJiHty  of  the  triide-windf?  is  niucb  inierfere^jt  with  by  the  neigh* 
drhi>od  (iflferge  conliuents.  which  produce  Joeitl  effeels  upon  n,  seiiio  sutfi- 
lletitly  grefti  to  modify  deeply  the  direction  nnd  force  of  ihe  wind.  This 
I  the  cnae  in  ilie  Indian  Ocenn.  They  ii«u»lly  eileiid  from  u,hoijt  the  li*lib 
rgrec  of  lutitude  iti  both  hemispheres  to  within  8"  of  the  ei|Ujitor»  but  nre 
bhjei'l  10  a«n>e  ▼urintions  in  this  reaped.  Belueeii  them,  iind  hImo  hryond 
heir  boundnries,  lie  heltH  of  culms  ttml  lighr  variiible  windn;  Hnd  beyond 
bef»e  latter,  exieniiing  intci  higher  latitudes  in  both  hemi.sphercH,  we?iti?rly 
indi*  u»oMUy  prevail.  The  general  direction  of  the  trndo-wind  of  the 
Utirthern   hetnifipbere  is  E.N^K.j  and   thnt   of   ibe   Suulhcrn    beuiiBpbere 

The   trade- witid«,  it  mny  be  Tcmnrked,  furnish   nn   ndmirnble  physical 

roof  of  the  reality  of  (he  eiirth*8  movement  of  rotniinii. 

The  theory  of  the  action  of  ehimneyf*^  uiid  of  imtursil  nnd  Artificial  ven- 

i|]iilioti«  belong'^  to  the  j^amc  sinbject. 

I,rl   the  reader  turn  to   the   dcmonjttration   given   of  the  Areliimedenn 

\'y   theorem:    let   him   once   more   imagine   a   body   imwerwed   in 

i    baTing  n  density  equal  to  that  of  the  water;   it  will  reniain  in 

in  tn  nuy  purt    beneath  the  surface*  nnd   for  these  reasonw;  The 

force  which  presses  it  dowuuard  is  the  weight  of  tlie  body  added  to  the 

Wright  of  the  column  of  wtuer  ubove  it  ;  the  force  which  presses  il  upward 

~  I  the  weight  of  a  eobinin  of  water  ei]U!il  to  the  height  of  both  conjoined  ;  — 

he  dcnj^ity  of  the  body  is  tbut  of  watrr,  that  is.  it  weip^liH  ii«  murh  nft  nn 

'^    of  that  liqijid;  con»e«piin(h\  tlie  \Iowimard  utid  upward  forces 

halaneed,  and  the  body  rcn5fiin,s  a  I  rest. 
i  L  the  oircumstnnces  he  iiliLTcri:  U*i  the  body  be  lighter  Ihiin  an 
^ua)  buik  of  water;  the  pre;«i«ure  upward  of  the  column  of  water  a  c  is 
longer  compenaatcd  by  ibe   downwurd   prea- 
^  of  I  hi*  corresponding  eolutttn   of  solid  nnd 
Mer  »hoTC  it ;   the  former  force  pre p<tn derates, 
'  tiio  body  h  driven  npwjird.     If,  on  the  con- 
arj,  the  body  be  specifically  heavier  I  ban  wa- 
r.  then  the  bhtter  force  h&»  the  ascendency,  and 

holy  sinkft. 
All    filing!*   80   described    exist   in   a  common 
llimney  ;   the  solid  bod^-.  of  the  same  "lens^ily  m^ 
biikl  of  the  fluid  in  which  it  floats,  in  repre<>'enit'd 
th#»  air  in  the  chimney  funnel ;   the  space  tt  i* 
preeenrs  the  whole  Hrtnosphere  iiboTc  it     Wln-n 
in«ide  and  outride  the  chimney  is  at   the 
leuiperature,  equilibrium   tnlte?^  place,  be- 

tUe  downward  tendency  of  the  air  within   is   counteracted  by  the 
pward  pre*>ure  of  that  without. 

,  let  the  chimney  be  hcattd;  the  nlr  siiffers  expansion,  nnd  a  portion 
■lied;  the  chimney  therefore  ciintiiins  n  ^mulk'r  weigbl  of  air  ihnn 

Ibefore:   the  exiernal  and  tntfrnal  columns  no  longer  balance  eneb 

Il<»f,  and  the  maimer  and  lighter  air  i»  forced  upward   from  below»  and 
|»ltice  supplied   by  cold  air.     If  the  brick-woi-k,  or  other  mttt«*rial  of 
^kicJi  the  ehitnney  is  const rueteJ,  rcttiia  ite  tc?mperiifure,  Ihi?*  second  \mr- 
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lion  of  air  is  disposed  of  like  the  first,  and  the  ascending  current  continues, 
so  long  as  the  sides  of  the  chimney  are  hotter  than  the  surrounding  air. 

Sometimes,  owing  to  sudden  changes  of  temperature  in  the  atmosphere, 
the  chimney  may  happen  to  be  colder  than  the  air  about  it.  The  column 
within  forthwith  suffers  contraction  of  Tolume ;  the  deficiency  is  filled  up 
from  without,  and  the  column  becomes  heavier  than  one  of  similar  height 
on  the  outside ;  the  result  is,  that  it  falls  out  of  the  chimney,  just  as  the 
heayy  body  sinks  in  the  water,  and  has  its  place  occupied  by  air  from 
abote.  A  descending  current  is  thus  produced,  which  may  be  often  no- 
ticed in  the  summer  season,  by  the  smoke  from  neighboring  chimneys  find- 
ing its  way  into  rooms  which  have  been  for  a  considerable  time  without  fire. 

The  ventilation  of  mines  has  long  been  conducted  upon  the  same  prin- 
ciple, and  more  recently  it  has  been  applied  to  dwelling-bouses  and  assembly, 
rooms.  The  mine  is  furnished  with  two  shafts,  or  with  one  shaft  divided 
throughout  by  a  diaphragm  of  boards ;  and  these  are  so  arranged,  that  air 
forced  down  the  one  shall  traverse  the  whole  extent  of  the  workings  before 
it  escapes  by  the  other.  A  fire  kept  up  in  one  of  these  shafts,  by  rarefy- 
ing the  air  within,  and  causing  an  ascending  current,  occasions  fresh  air 
to  traverse  every  part  of  the  mine,  and  sweep  before  it  the  noxious  gases 
but  too  frequently  present. 

CONDUCTION  OF  HEAT. 

Different  bodies  possess  very  different  conducting  powers  with  respect 
to  heat :  if  two  similar  rods,  the  one  of  iron,  the  other  of  glass,  be  held  in 
the  flame  of  a  spirit-lamp,  the  iron  will  soon  become  too  hot  to  be  touched, 
while  the  glass  may  be  grasped  with  impunity  within  an  inch  of  the  red- 
hot  portion. 

Experiments  made  by  analogous  but  more  accurate  methods  have  estab- 
lished a  numerical  comparison  of  the  conducting  powers  of  many  bodies. 
The  following  may  he  taken  as  a  specimen  :  — 

Silver 

Copper 

Gold 

Brass     . 

Tin 

Iron 

As  a  class,  the  metals  are  by  very  far  the  best  conductors,  although  much 
difference  exists  between  them ;  stones,  dense  woods,  and  charcoal  follow 
next  in  order:  then  liquids  in  general,  and  gases,  whose  conducting  power 
is  almost  inappreciable. 

Under  favorable  circumstances,  nevertheless,  both  liquids  and  gases 
may  become  rapidly  heated  :  heat  applied  to  the  bottom  of  the  containing 
vessel  is  very  speedily  communicated  to  its  contents:  this,  however,  is  not 
so  much  by  conduction  as  by  convection,  or  carrying.  A  complete  circu- 
lation is  set  up;  the  portions  in  contact  with  the  bottom  of  the  vessel  get 
heated,  become  lighter,  and  rise  to  the  surface,  and  in  this  way  the  heat 
becomes  communicated  to  the  whole.  If  these  movements  be  prevented  by 
dividing  the  vessel  into  a  great  number  of  compartments,  the  really  low 
conducting  power  of  the  substance  is  made  evident ;  and  this  is  the  reason 
why  certain  organic  fabrics,  as  wool,  silk,  feathers,  and  porous  bodies  in 
general,  the  cavities  of  which  are  full  of  air,  exhibit  such  feeble  powers 
of  conduction. 

The  circulation  of  heated  water  through  pipes  is  now  extensively  applied 
to  the  warming  of  buildings  and  conservatories;  and  in  chemical  works  a 
serpentine  metal  tube  containing  hot  oil  is  often  used  for  heating  stills  and 
evaporating-pans:  the  two  extremities  of  the  tube  are  connected  with  ilic 
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Steel 
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786 

Lead 

86 

682 

Platinum 

84 

286 

German  silver 

68 

146 

Bismuth      . 
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Another  spiral  built  into  a  ^rntiM  furnaoe  al  the  liiwer  level,  »rid  an 
[iitit«ruiiuiug  circulaiioa  of  tiie   liquid   lukes  plucii  an  loug  aa  lieat  U 
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8oll«]  btKlies  when  heated  are  expanited ;  muny  arc  liquefied,  i.  e.^  they 
Tb«  fusion  of  solids  is  frequcQlly  prei^vded  l)y  a  gnidual  soneaing, 
ore  especially  when   the   temperature   approaaheH   the   puiiit   ot'   t'uBiou. 
|liii»  pheuotuenoD  is  observed  iii  the  case  of  wax  or  iron,     lu  the  case  of 
Iher  Bolids  —  of  zinc  and  lead,  for  in^tauce  —  and  several  other  luelalsi 
bU  softening  is  not  observed.     Gentrally,  bodies  expand  dnrinj,?  the  pro- 
of fu-^ion ;  an  exception  to  this  rule  i^  water,  which  expafuLs  during 
Bg   (It)  vol.  of  water  produce  nearly  11  vol.  of  icti),  while  iee  wJiun 
f  pro^luccB  a  proportionatidy  snoiller  volume  of  water.    Th«  expansion 
iteJ>  during  fu!«ion,  and  nt  lt.'mperarure.H  preceding  fusion,  or  I  he  con- 
tion  during  solidification  nnd  further  refrigeration,  is  very  unequaL 
fax  expand^s  considerably  before  fusing,  and   camparatively  little  during 
itself.     Wax,  when  poured  inlo  mould-*,  fill;?  ihem  perfcelly  during 
olidificattun,  but  afterwarda  conira«ly  cotiMiderably.     ♦Sieurie  aeid»  on  (he 
ODtrary.  i*\pand5«  very  little  before  fusion,  hut  ml  her  coiiwiderahly  during 
li:<^ion,  and  consequently  pure  stearic  acid  when  ]*otired  inlo  iiionIdH  ijolidi- 
li»  a  rough  porous  uiHfjS,  contracliiig  liule  by  further  cooling.     The 
IdilioR  of  a  little  wax  lo  stearic  acid   prevents  the  powerful  coniraction 
(he  moment  of  solidification,  iind  renders  it  more  fit  for  being  nrieulded. 
Lntfnt  ilrat  of  FnfiuH  — ^During  fusion  bodies  absorb  a  certain  (|uafjlity 
of  beat,  which  is  not  in<l]cateil  by  the  thermometer;   at  a  given  tempera^ 
lure  —  ihe  fusing-poini,  for  instance  —  a  certain  weight  of  substance  con- 
latas  when  solid  less  heat  than  when  liquid.     , 

If  equal  weijibls  of  wuter  at  0*  and  water  at  79°  be  mixed,  the  tempera- 
lure  of  the  mixture  will  be  the  njcan  of  the  two  leruperatures,  or  olt-O**. 
If  ii...  -t'M**  experiment  be  repeated  with  snow  or  finely-powdered  ice  at 
I  If  ler  at  71**'*  the  tejnperature  of  the  whole  will  bo  only  IF,  but  ihe 

>:  btcn  rnriifd. 


1  lb,  of  water  at  0° 
1  lb.  of  water  at  7l»«* 
1  lb.  of  ice  at  0* 
1  lb,  of  water  at  71*® 


I  =2  lb.  water  ai  30  5** 
I  :=  2  lb.  water  at  0** 


In  the  last  ex  peri  me  tit.  therefore^  as  much  heat  has  been  apparently  loi^t 
\  wouUI  have  raised  a  quantity  of  water  equal  to  that  of  the  ice  through 
\  range  of  1\P. 
The  heat,   thus  become  insensible  to  the   thermometer  in  effecting  the 
qis«fa€tion  of  the  ice,  is  called  lateni  h^t^  or,  better,  fttut  of  jluttitttf. 
Again,   let  a   perfectly  uniform    source  of   hemi    be    iningined,   of   such 
Utensity  that  a  pound  of  water  placed   over  it  would  have  its  lempcrarure 
ii^d  h°  per  minute.      Starting  with  water  at   0°,  in   rather  less  than  10 
itiiutes  ltd  temperature  woidd  havp  risen  7t>° ;    but  (be  same  (quantity  of 
i  Urt  0°f  exposed   for  the  siame  intervjil  of  time,  would   not  have  its  tt?m- 
iMStltre  raided  a  single  degree.      Out,  then,  it  wonld   have  bei'ome  water; 
lii#  tlCAt  received  would  have  been  cxclusiTely  employed  in  effecting  the 
fkangc  of  stale. 

Thif  hent  is  not  loM,  for  when  the  water  freexes  it  is  again  evolved.  If 
a  latl  jar  of  water,  covered  to  excUitle  dust,  be  placed  in  a  situntion  where 
it  ehall  !•?  quite  uudistorb«Mi,  and  itt  the  same  tiiiM*  expti!*tMl  to  gri'ut  ctdd, 
Lbc  temperature  of  the  water  may  be  reduced  10°  or  move  liclovi  U*  UttM' 
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in|S-|iiiiiil  witlinui  the  formation  of  ice;*  but  then,  if  m  little  mgitmtionbc 
riiiiiiiHitiirntiMl  !•>  thi*  jnr,  or  a  grain  of  sand  dropped  into  the  water,  a  por- 
iHHi  itiotiiiiitlv  Noliiiiticai,  and  the  temperature  of  the  whole  rises  to  0°:  the 
hi'rtt  ili-icii^ngnl  hy  the  froozing  of  a  (<malt  portion  of  the  water  will  haie 
Immmi  oiitlificiii  lit  rlli^(('  the  whole  contents  of  the  jar  '*°. 

Tlii^  i-urioiit  romliiion  of  ini^table  equilibrium  shown  bv  the  Tery  cold 
i\'Uri-  III  thi*  pnrt'iiinp  experiment,  may  be  reproduced  with  a  variety  of 
««>l(iiiiiiis  whu'h  tend  to  crystallize  or  Holidify,  but  in  which  that  change  is 
ifi-  ■(  It  lull'  tiispoiidt'd.  Thus,  a  solution  of  crystallized  podium  sulphate 
III  i^s.  i>i\ii  urr^ht  of  warm  wiiier.  left  to  cool  in  nn  open  vessel,  deposits  a 
tf>^%>  .|iMiiiii\  of  thi'  .»alt  in  cryytals.  If  the  warm  solution,  however,  be 
•«  'iM-.l  mil*  :i  oloiiu  tlask.  wliioh  when  full  is  securely  corked  and  set  aside 

'K'^  iiii.ti^tiirtivd.  no  crystals  will  be  deposit e<l,  even  after  many  days, 

H-i"'  -In.  ,-..tW  14  withdrawn  and  the  ct^ntents  of  the  flask  violently  shaken. 
\'i  I  «t  i"i'. i".<it  ilioii  r;4pully  take.H  place  in  a  very  beautiful  manner,  and 
\Uc  w''''i-    •ooi'U'O'*  pi'rvoptibly  warm. 

r=»o  'iw  i'm;h  it:uNir:iiol  in  the  case  of  water  is  perfectly  general. 
Wi.'i.»,i  i  ^i-:  .{  l«.-v',»MM*'«  :i  liiiuid.  a  certain  fixed  and  definite  amount  of 
I  1  '.  x.ivf»-.4'x.  01  i«o%-.«niO'i  latent  :  ami  conversely,  whenever  a  liquid  be- 
,.  ..    »  «  »•         '«.•«      .•  I  v->rro<p -iidiiig  extent  is  given  out. 

»  .,•  ■«  •• ;  :  t»'\-  o\-i;?'i>  th»'  molting  points  of  several  substances, 

1.        1     •      .  .  ■     ■•.■i'<  of'  tu^i- n  o\ir\*?si'd   in  gram-degrees  —  that  is  to 

II     .  '•,  ^    ■'    ■•.•  v--*'i'i:ti  li-.\(>loi|  "latent  heat"  denote  the  numher 

,  .  .  .1  ■  '^'  .■■;■.••  I'-iro  ^r' which  would  be  raided  1°  Centigrade 
•I    :•.■■;  ."vi  :  «  tuse  one  grain  of  the  several  solids:  — 


Si;"  .*t:ii5.-c. 

MfUin^     Liitfiit 

l»:r.°      N-2:»' 

•-          .             .       .      . 

H^'O      -il-l     . 

433      28  I     . 

•:>5      40  7 

i->\  ••  ^    -t- 

:->       47-4 

.  ii    I    -t.  i 

olOo      630 

■I ■  ■:  i'ry   ?▼  &  weak  chemical 

■  1    1      •.".•  .Ii  IX    -t'?o:.     This  is  the 

■  «  ^        *«       •.  1-     ;■f■H.•r•.^«^i  in  <onie  of 
.■    I     .    ■•    »  ;"^-:   ■i'.'v  :<  i2*xed  with 

<!         !■    II  i<>.    !if  '5:'?r'."jry  -ink* 

.  ^'   I-      n-.    •'.••.•'af?>  :!-;:l  by  ti.e 

.    «*  *.:■  f    t    n  \   i'y   -<  y-fTT  olren 

-   «     ■  '^  !.••;    :■  ii'L»i'3'r<   "ii*  raj  or* 

-..      .  IT     -t  ".*■-:•!   k3-'  *3.w  tro- 

I    .    «  .v*-»:    -?».i  ij.>. ..::  ^::raie. 

......      •  (T?.i.7  ■  ;-  '. 

■    -     -     ?  I  »■  — ■■ 

.      ~..l  1   Til-   C-~   ."- 

••>•  ■._    ••  I  •  -■■■,■■    5 

■*    ■  ■■•-*■•:    1    »  i.i;;  <!    - 


HKAT.  57 

«r  sal-ammoniae,  or  aramonium  nitrate,  dissolred  in  water,  occasions  a 
rtry  notable  depression  of  temperature :  in  eyery  case,  in  short,  in  which 
■olntion  is  uiiaccompanied  by  energetic  chemical  action,  cold  is  produced. 

No  relation  ean  be  traced  between  the  actual  melting-point  of  a  sub- 
Btanee,  and  its  latent  heat  when  in  the  ftised  state. 

Latent  Beat  of  Vaporizaiion.  —  A  law  of  exactly  the  same  kind  as  that 
described  affects  uniyersally  the  gaseous  condition ;  change  of  state  from 
aoUd  or  liquid  to  gas  is  accompanied  by  absorption  of  sensible  heat,  and 
tke  rererse  by  its  disengagement.  The  latent  heat  of  steam  and  other 
Tapors  may  be  ascertained  by  a  mode  of  investigation  similar  to  that 
«Biployed  in  the  case  of  water. 

When  water  at  0^  is  mixed  with  an  equal  weight  of  water  at  100®,  the  whole 
is  found  to  possess  the  mean  of  the  two  temperatures,  or  50® ;  on  the  other 
hand,  1  part  by  weight  of  steam  at  100®,  when  condensed  in  cold  water,  is 
foond  to  be  capable  of  raising  5-4  parts  of  the  latter  from  the  freezing  to 
the  boiling-point,  or  through  a  range  of  100®.  Now  100  X  6-4=540® ;  that 
is  to  say,  steam  at  100®,  in  becoming  water  at  100®,  parts  with  enough 
heat  to  raise  a  weight  of  water  equal  to  its  own  (if  it  were  possible)  640^, 
of  the  thermometer.  When  water  passes  into  steam,  the  same  quantity  of 
sensible  heat  becomes  latent. 

The  Tapors  of  other  liquids  seem  to  have  less  latent  heat  than  that  of 
water.  The  following  table  is  by  Dr.  Th.  Andrews,  and  serves  well  to 
illa9trate  this  point.  The  latent  heats  are  expressed,  as  in  the  last  table, 
in  gram-degrees : 

Vapor  of  water 635-90® 

"  alcohol 202-40 

"  ether 90-45 

•*  oxalic  ether 72-72 

•♦  acetic  ether 92-G8 

♦*  ethylic  iodide  ....         40-87 

'•  pyroxylic  spirit 263-70 

•*  carbon  bisulphide     ....         86-67 

«•  tin  tetrachloride  .         .         •         .     30-35 

••  bromine 45-06 

*♦  oil  of  turpentine  .        .        .         .74-03 

Ebullition  is  occasioned  by  the  formation  of  bubbles  of  vapor  within  the 
body  of  the  evaporating  liquid,  which  rise  to  the  surface  like  bubbles  of 
permanent  gas.  This  occurs  in  different  liquids  at  very  different  tempera- 
tures. Under  the  same  circumstances,  the  boiling-point  is  quite  constant, 
and  often  becomes  a  physical  character  of  great  importance  in  distinguish- 
ing liquids  which  much  resemble  each  other.  A  few  cases  may  be  cited 
in  illustration : 

SalMtance.  Boiling-point. 

Aldehyde 20-8® 

Ether 34-9 

Carbon  bisulphide 46*1 

Alcohol 78-4 

Water 100 

Nitric  acid,  strong 120 

Oil  of  turpentine 157 

Sulphuric  acid •         .  326*6 

Mercury 850 

For  ebullition  to  take  place,  it  ia  Decesaary  that  the  elasticity  of  iV\« 
w»por  should  be  able  to  overcome  the  coheBioti  of  the  liquid  and  Vbe  pr^a- 
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Fig.  36l 


rare  iip<m  iu  rarfiMe :  bciice  tkc  extent  to  whiA  the  boilim^poiBt  maj  be 
modified. 

Water,  mder  the  ofEoml  pmrare  of  tbe  stBovpkere,  boils  mi  100^ 
(21^  F. ) :  in  a  portUIlT  exbaiuted  reeeiTer  or  on  a  BoaBtaiB-top  it  boils 
at  a  mneh  lower  temperatore:  and  in  tbe  best  Tarawa  of  an  excellent  air- 
]Minp,  orer  oil  of  TiirioU  wbich  absorbs  tbe  Taper,  it  will  often  enter  into 
Tiolent  ebullition  wbile  ice  is  in  tbe  :jet  of  forming  npon  tbe  surface. 

On  the  other  hand,  water  confined  in  a  tctj  strong  metallic  Tessel  may 
be  restrained  from  boiling  bj  the  pressore  of  its  own  Tapor  to  an  afanost 
unlimited  extent:  a  temperature  of  177^  or  201^  is  Terj  easily  obtained; 
and,  in  fact,  it  is  said  that  it  maj  be  made  red-hot,  and  jet  retain  its 
fiuiditj. 

There  is  a  Tery  simple  and  beautiful  experiment  illustrattTe  of  tbe  effect 
of  diminished  pressure  in  depressing  the  boiling-point  of  a  liquid.  A 
little  water  is  made  to  boil  for  a  few  minutes  in  a  flask  or 
retort  placed  oTer  a  lamp,  until  the  air  has  been  chased  out, 
and  the  steam  issues  freely  from  the  neck.  A  tightly  fitting 
cork  is  then  inserted,  and  the  lamp  at  the  same  moment 
withdrawn.  When  the  ebullition  ceases,  it  may  be  renewed 
at  pleasure  for  a  considerable  time  by  the  alTusion  of  cold 
water,  which,  by  condensing  the  Tapor  within,  occasions  a 
partial  vacuam. 

The  nature  of  the  Teasel,  or,  rather,  the  state  of  its  mirface, 
exercises  an  influence  upon  the  boiling-point,  and  this  to  a 
much  greater  extent  than  was  formerly  supposed,  it  has 
long  been  noticed  that  in  a  metallic  Tessel  water  boils,  under 
the  same  circumstances  of  pressure,  at  a  temperature  one  or  two  degrees 
below  that  at  which  ebullition  takes  place  in  glass;  but  it  has  lately  been 
shown  *  that  by  particular  management  a  much  greater  difference  can  be 
observed.  If  two  similar  glass  flasks  be  taken,  the  one  coated  in  the  in- 
side with  a  film  of  shellac,  and  the  other  completely  cleansed  by  hot  sul- 
phuric acid,  water  heated  over  a  lamp  in  the  first  will  boil  at  911*4®,  while 
in  the  second  it  will  often  rise  to  105®  or  CTen  higher;  a  momentary  burst 
of  vapor  then  ensues,  and  the  thermometer  sinks  a  few  degrees,  after  which 
it  rises  again.  In  this  state,  the  introduction  of  a  few  metallic  filings,  or 
angular  fragments  of  any  kind,  occasions  a  lively  disengagement  of  vapor, 
while  the  temperature  sinks  to  100®,  and  there  remains  stationary.  These 
remarkable  effects  must  be  attributed  to  an  attraction  between  the  surface 
of  the  vessel  and  the  liquid. 

W^en  out  of  contact  with  solid  bodies,  liquids  not  only  solidify  with  re- 
luctance, but  also  assume  the  gaseous  condition  with  greater  difficulty. 
Drops  of  water  or  of  aqueous  saline  solutions  floating  on  the  contact- 
surface  of  two  liquids,  of  which  one  is  heavier  and  the  other  lighter,  may 
be  heated  from  10  to  20  degrees  above  the  ordinary  boiling-point;  explo- 
sive ebullition,  however,  is  instantaneously  induced  by  contact  with  a  solid 
substance. 

A  cubic  inch  of  water  in  becoming  steam  under  the  ordinary  pressure 
of  the  atmosphere  expands  into  lCt)6  cubic  inches,  or  nearly  a  cubic 
foot. 

Steam,  not  m  contact  with  water,  is  affected  by  heat  in  the  same  manner 
as  the  permanent  gases ;  its  rate  of  expansion  and  increase  of  elastic  force 
are  practically  the  same.  When  water  is  present,  the  rise  of  temperature 
increases  the  quantity  and  density  of  the  steam,  and  hence  the  elastic  force 
increases  in  n  far  more  rapid  proportion. 
Tlij's  elastic  force  of  steam  in  contact  with  water,  at  different  tempera- 
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turoB,  has  been  very  carefully  di.HcriDiiied  by  Arugo  unci  Duloug,  aiifl  Utuly 
by  Mug^uu^  nriU  R<?gimult.  The  force  is  expre.si^t'd  in  utttKis'pbtrres:  the  tib* 
»«»liiie  |»re$i3ure  upon  iioy  givoii  F^urlTacc  ciia  be  eaaily  ciilciiliilL*d,  ullowirtg 
14  G  lb  per  square  iuch  to  eacli  atmosphere.  The  experimecila  were  uarriod 
Uk  iwciitj-fiTc  alinospberes;  iit  which  puint  the  diliieuhiea  and  danger 
becumo  ao  great  ua  to  put  a  8top  to  iht!'  iuijiiiry :  the  re»t  of  tlic  Lublis  is 
lie  resalt  of  calouUlions  founded  on  the  di^ta  »o  obtained: 
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f  Tcry  interesting  *o  know  the  ninount  of  heat  requisite  to  convert 
iltcT  of  any  gii'^eu  leriiper*iture  into  steam  of  I  he  same  or  armlher  given 
Qpemtiiro.  The  mosii  exact  experiments  on  this  Buhjecl  have  been  nmde 
by  Regniiutt.  He  arrived  nt  thi.^  result,  that  when  the  unit-weight  of  f^tenm 
at  the  temperature  ^  h  converted  into  water  of  llie  same  temperature,  and 
then  cooled  to  i)P^  it  gtves  out  the  quantity  of  heat  T,  which  is  represented 
by  the  formula : 

r  =  606    5  +  0  •  306  r. 

formula  appears  to  hold  good  for  temperattirpii  above  and  below  tbo 
linary  boiling-point  of  wtiler.     The  foUotvirig  tnhle  givers  Hie  valuer  of 
r,  corrvuputidiiig  to  the  respective  tempenituj'eti  iu  the  first  colunms: 


I 

0* 
60 

100 
150 
200 


T 
600  *  5' 
621  7 
037  0 
652 '  2 
667-5 


Tin  ealbsd  the  total  heat  of  steam,  being  the  heat  required  to  raise  water 
lom  l)*  to^  together  with  that  which  becomes  latent  by  the  truiisformatioti 
r  water  of  t  into  Hteam  at  t.    Hcguault  stUtes^  AS  a  result  of  some  \ctij  iWW- 
^•-^  rxfrnrimeJitSf  thut  the  beAt  aeccHSAry  to  raiae  a  unU-we^bi  ot  vj^Wv 
,£f^fo/ts  aoi  ejaatjf  denoted  by  /;  the  diacrepancY^  bowevct,  v»  ftQ 
'  tJimi  ji  mity  be  dtBivgi^rdeii.     Employing  th^  apptoiimt^le  ^n\vLi&,  v\i^ 
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latent  heat  of  steam,  L,  at  any  temperature  will  be  found  by  subtracting  i 
from  tlie  total  heat;  or,  according  to  the  formula: 

Z  =  606  5  — 0-596  L 

This  equation  shows  us  the  remarkable  fact  that  the  latent  heat  of  steam 
diminishes  a;*  the  tem|>erature  rises.  Before  Regnault^s  experiments  were 
made,  two  laws  of  great  siniplicitj  were  generally  admitted,  one  of  which, 
however,  coniradicted  the  other.  Watt  concluded,  from  experiments  of  his 
own.  as  well  as  from  theoretical  speculations,  that  the  total  heat  of  steam 
would  be  the  same  at  all  temperatures.  Were  this  true,  equal  weights  of 
steam  passed  into  cold  water  would  always  exhibit  the  same  heating  power, 
no  matier  what  the  temperature  of  the  steam  might  be.  Exactly  the  same 
ahiolute  amount  of  heat,  ami  consequently  the  same  quantity  of  fuel,  would 
be  required  to  evaporate  a  given  weight  of  water  in  vacuo  at  a  temperature 
which  the  hand  can  bear,  or  under  great  pressure,  and  at  a  high  tempera- 
ture. Watt's  Law,  though  agreeing  well  with  the  rough  practical  results 
obtained  by  engineers,  is  only  approximately  true;  and  the  sauie  may  be 
said  of  the  deductions  which  have  just  been  made  from  it.  The  second  law, 
in  opposition  to  Watt's,  is  that  of  Southern,  stating  the  latent  heat  of  steam 
to  be  the  same  at  all  temperatures.  Regnault's  researches  haye  shown 
that  neither  Watt's  law  (7*  constant),  nor  Southem^s  law  {L  constant)  is 
correct. 

The  economical  applications  of  steam  are  numerous  and  extremely  yalu- 
able:  they  may  be  divided  into  two  classes:  those  in  which  the  healing 
power  is  employeil,  and  those  in  which  its  elastic  force  is  brought  into  use. 
The  value  of  steam  as  a  source  of  heat  depends  upon  the  facility  with 
which  it  may  be  conveyed  to  distant  points,  and  upon  the  large  amount  of 
latent  heat  it  contains,  which  is  disengaged  in  the  act  of  condensation.  An 
invariable  temperature  of  UX^,  or  higher,  may  be  kept  up  in  the  pipes  or 
other  vessels  in  which  the  steam  is  contained  by  the  expenditure  of  a  Tery 
small  quantity  of  the  latter.  Steam-baths  of  various  forms  are  used  in  the 
arts  with  great  convenience,  and  also  by  the  scientific  chemist  for  drying 
filters  and  other  objects  where  excessive  heat  would  be  hurtful:  a  very 
good  instrument  of  the  kind  was  contrived  by  Mr.  Everitt.  It  is  merely  a 
small  kettle  (fig.  37),  surmounted  by  a  double  box  or  jacket,  into  which 
the  substance  to  bo  dried  is  put,  and  loosely  covered  by  a  card.  The  appa- 
ratus is  placed  over  a  lamp,  and  may  be  left  without  attention  for  many 
hours.  A  little  hole  in  the  side  of  the  jacket  gives  vent  to  the  excess  of 
steam. 

Tlie  principle  of  the  steam-engine  may  be  described  in  a  few  words:  its 
mechanical  details  do  not  belong  to  the  design  of  the  present  volume.  The 
machine  consists  essentially  of  a  cylinder  or  metal 
a  (fig.  38),  in  which  a  closely  fitting  solid  piston 
works,  the  rod  of  which  passes,  air-tight,  through 
a  stuffing-box  at  the  lop  of  the  cylinder,  and  is 
connected  with  the  machinery  to  be  put  in  motion, 
directly,  or  by  the  intervention  of  an  oscillating 
beam.  A  pipe  communicates  with  the  interior  of 
the  cylinder,  and  also  with  a  vessel  surrounded 
with  cold  water,  called  the  condenser  6,  into  which 
a  jet  of  cold  water  can  at  pleasure  be  introduced. 
A  sliding-valve  arrangement,  shown  at  c,  serves  to 
open  a  communication  between  the  boiler  and  the 
cylinder,  and  between  the  cylinder  and  the  con- 
denser in  such  a  manner  that  while  the  steam  is 
allowed  to  press  with  all  its  force  upon  one  side  of  the  piston,  the  other, 
open  to  the  condenser,  is  necessarily  vacuouB.     The  valve  is  shifted  by  th* 
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□gine  itself  at  the  proper  moraeut,  so  thai  the] 
-  the  steam  up  and  dtiwn  ligainst  a  vi^cnitm.    A 

the  cograTing,  is  connected  with  the 
onden^er,  and  »ervea  lo  reniore  any  air 
liAi  may  enter  the  cyliudcr,  and  also  the 
rat«r  produced  by  conden?iation,  together 
iriih  that  whicb  miiy  haTtj  been  injected. 
Such  13  the  vacuum  or  condensing  steam- 
agine.  In  what  U  called  the  higb-prea* 
eriginOf  the  condenser  and  air-pump 
DppresBed,  nnd  the  8team  h  allowed 
ipo  at  once  from  the  cylinder  into 
atmosphere.  It  ia  obviou:}  tiinl  in  IbJH 
i^agement  the  steuni  hus  to  overeume  ^ 
lie  whole  pressure  of  the  air,  and  a  much 
reater  elastic  force  ia  rerjnircd  lo  produce 
be  same  effect;  but  thS^  i»  to  a  very  gresil 
ttent  compensated  by  the  absence  of  th<5 
r^ump  and  the  increased  simplicity  of 
:*trhole  machine.  Large  engine?,  both 
t  lihoro  and  in  sieamships.  are  u^tuiUly 
Dnstructed  on  the  condensing  principle, 
be  pre9.«itre  seldom  ejtceediug  six  op  seven 
ounds  per  iquare  inch  above  that  of  the 
imo^pbere;    for  small  engines  the   high- 

II  re  plan  is,  perhiipa,  preferable.  <g 
notire  engines  are  of  thi^it  kind, 
^%  peculiar  modificaiion  of  the  steam- 
hglne,  etn ployed  in  Cornwall  ft>r  dntining 
b*p  deep  mine.f  of  that  country,  i^  now  gel- 
'rig  into  use  elacwhero  for  other  purp(»8c8* 
I  thiei  tuachiue,  economy  of  fuel  is  etirried 

>  a  mo9l  extniorJimiry  extent,  enginef^  hiiving  been  known  to  perfnrmlbe 
ity  of  raising  more  than  lOOjHJOjKHI  lbs.  of  wnlei-  <jne  foot  hijrh  by  the  con- 
mnptloQ  of  a  single  busliel  of  eotil«.   The  engines  are  ainple-ncting,  thedown- 
roke,  which  is  maide  agFiin!<it  a  vacuum,  being  the  ellective  oiit%  and  em- 
Qjed  to  lift  the  enormous  weigliL  of  the   pymp-rottH  in  the  shnft  of  the 
inin«.      When  the  piston  readies  the  bottom^  the  coniniuniciition  both  *vith 
ill*  boiler  and  the  condenser  ia  cut  off,  while  an  fqnitihrium-valvf  is  opened 
connecting  the  nppcr  and  lower  extrcniitics  of  the  cylinder,    whereupon 
the  weight  of  the  pump-rod:*  draws  the  piston  to  the  top  and  makr»  the 
*-!tiroke.     The   engine   is  workeil    frptinnve/v,   as   It  is  termed,  sleiim  of 
tlgh  tension  being  employed,  which  ia  cut  off  at   one-eighth  or  even  one- 
nth  of  the  stroke. 

The  process  of  difitillation,  which   may  now  be  noticed*  is  very  simple: 
lyect  is  either  to  sepsirale  stibstances  which  riitc  in  vapor  at   different 
^r»t«re»,  or  to  part  a  volntilo  liquid   from  n  substance  incupiible  of 
Alzntion.     The  same  pniccss   applie^l  to  bodie**  which    pftss   directly 
I  the  solid  to  the  ga*»eou9  coniHtion.  and  the  reverse,  is  aiWi^d  iiihtimation. 
di«itillatory  apparatus  consists  ef^f^entially  of  a  boiler,  in  which  the 
Ipor  is  rai?»ed,  ami  nf  a  condenser,  in  wbich  ii   returns  to  the  liqsu'd  or 
ilid  condition       In  the  still   employed   lor  nmnu fact u ring   purposes,  thq 
is   UMUully  1*    frpirnl  met  til  tube  immersed  in  a  tub  of  water,     Tho 
»oo  retort  and  receiver  constitute  the  simple*)!  arninf^emetii  for  distil- 
I  on  the  •mun  scale;  the  retort  is  beared  by  a  gas  lamp,  and  the  re- 
ia  kepi  cool,  if  aeoesaary,  by  &  wet  cloth,  or  it  may  be  Burrguudiid 
c«.     (Fig.  89.) 
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Liebig^i  eoadciiser*  (fg.  40)  U  a  mj  Y»limble  uttru 
torj;  it  eonsUu  of  a  gUsa  tube  tapering  from  end  to 


iatkelaUm- 
fizodbjpo- 


forated  corks  in  the  centre  of  the  metal  pipe,  prorided  with  tabes  bo  ar- 
ranged that  a  current  of  cold  water  may  circulate  through  the  apparatus. 
By  putting  ice  into  the  little  cistern,  the  water  may  be  kept  at  0^,  and 
extremely  volatile  liquids  condensed. 

Ffg.40. 


Liquids  evaporate  at  temperatures  below  their  boiling-points:  in  this 
case  the  evaporation  takes  place  slowly  flrom  the  surface.  Water,  or  alco- 
hol, exposed  in  an  open  vessel,  at  the  temperature  of  the  air,  gradually 
disappears;  the  more  rapidly,  the  warmer  and  drier  the  air. 

This  fact  was  formerly  explained  by  supposing  that  air  and  gases  in 
general  had  the  power  of  dissolving  and  holding  in  solution  certain  quan- 


[•Inrrated  hy  Woltzel.  the  eUler,  of  Stockboho,  and  w«Il  descrftwi  and 
0|MraUr«  Chemist.— R.  &] 
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Jlli#«  of  1Tqtiidft»  And  that  thfs  power  increased  with  the  tcmporature:  such 
irlf?»  \n  incorrfcl. 

If  a  bftrouiettT'tubo  be  cnrefuUy  filled  with  nuTcury  *in«l  inTcrted  in  the 
iial  luiLnner,  and  tht-n  a  few  dropH  of  wtUor  parsed  up  the  mhe  iulo  ihu 
kCiiuni  nbovu.  a  very  reoiurkMblc  effect  will  be  observed;  —  the  mercury 
ill  be  depreiu»ed  to  a  sdiaII  extent,  and  liiisi  depre^^iou  will  iiicrt'a!»e  wilh 
icreAse  of  temperature.  Now,  as  the  spAce  above  tbe  mercury  i»  void 
*ir,  Jind  the  weight  of  the  few  dr<>p9  of  water  quite  injidtM|Uiite  to  ac- 
unt  for  IhiB  depresnioti,  it  must  of  uoce«^iiy  be  itnputcd  to  Iho  vutpor 
hieh  m«tantaneou*(Iy  rises  from  the  water  into  the  viieuyiii;  „  », 
d  ilml  thiii  effect  is  really  due  to  the  elasltcily  of  the  ii({LieouH  ^" 

por,  IP  eawiiy  proved  by  expoainjc  the  barometer  to  a  heat  of 
"  C.  (21-**  F.)t  when  the  depro^^ion  of  tbc  mercury  will  be 
iiip!et«|  and  it  will  ^tand  at  tlic  same  level  withiu  iiud  with- 
it  lite  lube;  indicating  that  tit  thiit  tem|ieniture  the  elaKlieity 
the  vapor  is  equal  to  that  of  the  atmosphere  —  a  fact  whitjh 
■the  phenomenon  of  ebullttioti  has  already  shown. 

Hy  placing  over  the  barometer  a  widt"  4tpen  tube  dipping 
to  the  mercury  below,  and  then  filling  this  tube  with  watiT 
difTerent  temperatures,  the  tension  of  the  iii|ueous  vnjMvr 
each  degree  of  the  thermometer  may  be  accuriilely  detiT- 
nwl  by  lis  depressing  effect  upon  the  inercurial  eolunm; 
fame  power  which  force<»  the  latter  down  one  inch  ti|;!iitiyt 
the  pres'aure  of  the  atmosphere,  would  of  course  el  nut  (r  a 
rolumfi  of  mercury  to  the  aame  height  against  the  vacuum,  aiul 
in  ibis  way  ihfi  tension  may  be  coiiveiiiently  expressed.  The 
foil  If  wing  table  wa.*«  drawn  up  by  DalioUf  to  whom  we  owe  the 
method  of  iuvesiigatiou: 
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Twiipitfmttir* 

Toaslnn  In  hiehm 

Temponturtn 

TtMii^ton  In  Inch 

IT. 

c. 

of  tnffT'ttry. 

F, 

C. 

of  anTL'iiiy. 

82«    . 

0* 

.       02CH) 

130° 

,        6:1   ^^ 

4  34 

40    . 

44 

,      0  2»;3 

HO 

.    m 

.       6-74 

60     . 

10 

.      0:i76 

150 

.     ti55 

7*42 

60     . 

ir>5 

,      0G24 

160 

,     7M 

9-46 

70     , 

21  I 

.       0  721 

170 

.     7G6 

.      1213 

80     . 

2(1(1 

.       1  (MJO 

180 

82-2 

,       15'lo 

5>0     . 

.122 

.       1  3*iO 

190 

.     87-7 

.       lUOO 

100     . 

377 

.       1800 

200 

.     93-3 

.     2;]  u 

lUl     . 

4liH 

.       2-5:J0 

212 

100 

.      30  00 

120     . 

488 

.      8"3a> 

Anoi1i#r  table  representing  the  tension  of  the  vapor  of  watcr^  drawn  up 
by  Rcguauit.  is  given  nl  the  end  of  the  work. 

tuber  liquid:!  tried  in  ibis  nninner  are  found  to  emit  vapors  of  greater  or 
le»s  tension,  for  the  '♦ame  temperature,  according  toiheir  dilffrent  degrees 
of  volatility:  thus,  a  little  ether  introduced  into  the  tube  dipresMes  Iho 
Bercury  10  inche>i  or  luore  at  the  ordinary  temperalnre  of  the  air;  oil  of 
VitrioU  on  the  other  hand,  does  not  emit  any  setisiblo  qimiitily  of  vnpor 
ftOiil  a  touch  greater  heat  is  applied:  and  that  given  off  by  mercury  itself 
in  warm  summer  weather,  although  it  may  he  detected  by  very  ilelieate 
mfm&s*  in  far  too  little  to  exercise  any  effect  upon  the  barometer  Iti  the 
oa««  of  water,  Uie  evap*>ration  is  quite  distinct  jiud  perceptible  at  the  b»wcst 
temperatures,  when  frram  to  sidid  ice  in  the  bftroTueter*luhe :  uriow  on  the 
fruutid,  or  on  a  housetop.  ludy  ofleu  be  noticed  to  viini!*h»  from  the  same 
fn,im>    div  bv    lay  in  the  depth  of  winter,  wh«'n  inetting  \fi  iniposflible. 

u^r  eaeh  vapor  a  utale  of  density  which  ii  eaiinol  pass  with- 
(,i;  Hoous  ooudiiion^  and  becoming  liquid;  this  ^umi  U  ctaAVc^i 
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h«n  ft  liquid   evAporatcs  into  a  vacuum,  the  point  of  greiiieett  density  ia 
Qf^   ut  ouct%   w'lril«s  in   tbo  otlicr  case  some   tiiijue  elnp^en  before  ihta 
s:   tiie  particle*  of  air  appear  to  oppose  a  *ort  of  meelmnieul  re^ifl^* 
lo  the  rial}  of  the  vapor.     Tlie  uUtmate  effect  l»,  however,  precisely 
the  same. 

WU«[i  to  a  rinantity  of  perfectly  dry  gns  confined  In  a  TeAsel  closed  by 
inemiry  j*  little  water  is  a«lded,  the  Intter  immediately  begins  to  evaporate, 
fttid  •fter  some  time  na  uioeh  vapor  will  be  foutid  to  have  rinen  from  it  aa 
";  I  l  been  prettent*  thequanhty  depending  entirely  on  the  tcmpern- 
h  the  whole  is  aubjecMed.  The  teni<ion  of  iIiim  vjtf»or  will  iidd 
,.?,,.  ,..  ,,Mkr  of  the  givj*.  and  produce  an  expaufiiou  of  volume,  which  will  Ims 
ilKlicat^d  by  nu  alteralion  of  b'vel  in  the  mercury. 

Viip<3r  of  wjiter  exists  in  the  titmoHphcro  at  all  times  and  in  all  aitualionn, 
there  plays  a  nioi^t  imporiant  purt  In  ihe  economy  of  nature.     The  pro" 

frftion  of  aqueous  vapor  pref<ent  in  the  air  io  «ubject  to  great  variation, 

and  it  oflen  becoincH  important  to  determine  its  quontity.     This  ia  easily 
done  by  the  aid  of  the  foregoinji;  principles, 

VeH*-Point.  ^  If  the  aqueony  vtipor  be  in  it?  condition  of  irreatesl  poBsiblo 
%i\\j  for  the  temperature,  or,  a**  it  i«  frequently,  but  mo*<t  incorrrctly, 
^preiiHed.  the  iiir  be  aatur^Ued  with  vapor  of  water,  the  sliJjfhto^^t  redut'iion 
""  temperature  will  cause  the  depoi*ition  of  n  portion  in  the  liquid  form. 
an  the  contrary,  an  is  nlmo.^t  always  in  reiility  the  case,  the  vupor  of 
Water  be  i^tluw  ii»  slate  of  maximum  density,  that  in,  in  an  expanded  con- 
dition, it  is  clcAr  that  a  couLiiiierable  fall  of  temperature  may  oceur  lielorc 
^l|uefact]on  eommenccfl^  The  dcj^ree  at  which  thi«  takej*  place  is  called  the 
KW'point,  and  it  is  determined  with  g;rcat  facility  by  a  very  simple  melliod. 
t  little  eup  of  thin  tin  pUUe  or  silver,  well  poHi-hed,  is  filled  with  water  nt 
jbf?  lemperature  of  ihe  air,  nii<l  a  delicale  tliermunjictcr  luscrled*  The 
'iter  is  I  hen  coolcl  by  dropping  in  fraj^mentH  ot  ice»  or  dittf4olvinf?  in  it 
ftwdercd  eaI-ammonIac«  until  moisture  begins  lo  make  its  lippearnnce  on  th« 
tlt»itle,  dimming  the  brij:h(  metallic  gurface.  The  temperature  ot*  the  dew- 
itnt  18  then  risad  off  Li{Km  (he  thermometer,  and  compared  with  I  hat  of 
*  air* 
'  f^uppof^e,  by  way  of  example,  that  the  latter  were  70**  F,,  and  the  dew- 
Dint  ^:^P  F.,  the  elasticity  of  the  watery  vapor  present  would  correifpond 
a  maximum  density  proper  to  'A\^  F.,  an<l  woald  support  a  column  of 
ercury  t^37.'»  inch  high.  U  (lie  barometer  on  the  wpot  stood  at  'M^  inches, 
bereforc*  lilMJ^o  inches  would  be  supported  by  the  pressure  of  the  dry  air, 
and  the  remaining  tj  37->  inch  by  the  vapor.  Now  a  cubic  foot  of  sueh  a 
mixture  niusit  be  looked  upon  as  made  up  of  a  cubic  foot  of  dry  air,  and  a 
cubic  foot  of  watery  vapor,  occupying  llie  same  space,  and  Ijaviiig  tensions 
indicjUed  by  the  numbers  just  meotioned.  A  cubic  foot,  or  1728  cubic 
inches  of  vapor,  at  70**  F».  would  become  reduci>d  by  cont ruction,  acconiiiig 
Ui  ihe  usual  law,  to  Ulfi2  ft  cubic  inches  at  m""  V. ;  this  vupur  would  be  at  its 
j^aa^imum  density,  having  ihe  specific  gravity  pointed  out  in  the  table; 
ence  l^iUlIH  tmbie  inches  would  weigh  411  gnniis.  The  weight  of  the 
_^ueou*  vapor  contained  in  a  cubic  f(Kit  of  air  will  thus  be  iiscerlained.  In 
Ihi^  couulry  the  difference  between  the  temperature  of  the  air  and  ihc  dew- 
poini  seliom  reaches  'MP  F.  ( iCtJ'*  T. )  degrees* :  but  in  the  t»L>ccan.  with  a 
temperature  of  DO*'  F.  {'\2  2'=*C.}.  the  dcw-poini  aiiika  as  low  as  2'J*'  F.,  mak- 
ing the  degree*  of  dryness  «*!**  F/* 

m  Another  method  of  finding  the  proportion  of  moisluro  present  in  the  air 
B  to  observe  Ihe  rapidity  of  evaporalioM.  which   it*  nhvay-i  iu  **nme  rcbttion 
K  the  degree  of  dryness.     The  bulb  of  a  /hcrmr/riielcr  is  coveved  \\\\\\  mu** 
H^.  and  kept  wet  »i///i  wuter;  efnpui'niitrn  pnniacr^  C(dd.  aj*  will  prC'seTit\^' Aift 
Kr/r,  aof/  j^coordinglv  the  /ftrrmoMcter  »oim   t*ifik8   below  the  actual  Usm- 
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f»«if Nlfir«i  hf  ihti  Mtr,  When  it  eomcs  ut  rac  the  (icgrt«  »  i 
H  ^orflf in rinon  of  Ih^  tiro  tmnperacar^tf  u&  appmiiw^rSia  ck  &ke  4e«-p<hiBl 
fi'/u  HI  '''^^  ^^  obfmine^l  bj  th«  ^ixi  4if  *  MAckiHiiafFcal  f«m«la  cob- 
lriv#;«l  for  the  prirposse.  Tliia  b»  eall««l  cii«  v«c-b«Ik  hjgii» 
«*fiT:  it  ifi  oft«n  nuA^le  in  th«  maAiier  jIliivu  in  Ig.  44.  vkcre 
onn  thf!rniom«ter  ^rves  to  induMCc  eh*  c«inp«raccT«  «f  ikc  air, 
nwl  lh«  ofh«r  to  4ho«r  the  r%te  of  c^ap^raCMo.  b*ag  kept  wd 
bj  lh#!  threa<l  dipping  in  the  water  reswrroir. 

I^iqu^/nrtitm  o/  OnM*A.  —  The  perfect  reaemblABce  im  crery 
rntpfct  which  vrnpors  be*r  to  permAne«t  puefc  kd.  Tery 
fiiftliirally,  to  the  idea  that  the  Utter  lughi.  bj  the  nppiicntioB 
of  Mil  it  able  memoii.  be  ina<ie  to  adsome  the  liqni*!  coBdition.  and 
thin  fiiirmiAe  was.  in  the  haB«ld  of  Mr.  Fara«iaT.  to  a  great  ex- 
tiftil  irf>rifi«;d.  Out  of  the  small  number  of  ««ich  «ubctanees 
Irifd,  not  leM  than  eight  gave  vaj:  and  it  u  quite  fair  to 
lfif«*r  thai,  ha'J  mean.'*  of  isufficienc  power  been  at  hand,  the 
r«*<if  would  haire  f>>hare<l  the  fame  fate,  and  prored  to  be  nothing 
morn  than  the  Tap^irs  of  volatile  lit|aidd  in  a  state  rerj  far  re- 
rnovi'd  from  that  of  their  maximum  den»itjr.  The  subjoined 
"r  M.'!"  Iiil»ln  ri'pr^-Hcnti*  the  results  of  Mr.  Faradaj's  fir«  investiga- 
I  ^  I  n  ''"'*"•  ^''''  '^'^  pr^nHure  in  armoi«phere«,  and  the  temperatures 
^  S  ^      nt  whi«h  the  condensation  take*  place.* 
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Till*  tnnlhod  of  iirorcniling  wan  very  simple:  the  materials  were  sealed 
up  III  II  fttrtitiK.  unrr<»w  tub«,  together  with  a  little  pressure-gauge,  consist- 
In^  of  n  NU*ii<lt*r  tiilH*,  cloHod  at  one  end,  and  having  within  it,  near  the 

open  extremity,  a  globule  of 
^V(/.  41.  mercury.     The  gas  being  dis- 

engngcd  by  heat,  accumulated 
in  the  tube,  and  by  its  own 
pressure  brought  about  con- 
densation. The  force  required 
for  this  purpose  was  judged 
III  li\  I  ho  iliinhiutlon  of  volume  of  the  air  in  the  gauge. 

Ml  Kiit-ntlii.v  hi»'«  »iln<M»  rrHuiiird,  with  the  happiest  results,  the  subject 
III  I  III*  UiptPliiHion  of  I  ho  piTiiiniioiit  gnnes.  By  using  narrow  green  glass 
liilti>«  id  (ti'iMil  nlriMiglh,  powerful  oondtmsing  syringes,  and  an  extremely 
lim  loiMpiM-iilin-i\  proilu<M*d  by  iiHMins  to  be  prcHcntly  described,  olefiant  gas, 
liMliliiihi>  Mini  livilrobroiiilo  aViils,  phosphorcttcd  hydrogen,  and  the  gaseous 
lliiiiiUti<«  III  plIiiMiii  mill  boron,  wero  micccHpively  liquefied.    Oxygen,  hydro- 

riiiii,  i(liiii|iiMi,  iiHroKiMi  liioxidc,  cnrbon  monoxide,  and  marsh  gas,  refused 
w  )tipiiit\   Ml       liiiW  K,  uhilo  Hubjoolod  to  pressures  varying  from  27  to 

|\M  .|llM«i"phlMl«« 

^h  )"«^mbtiiil  \\\  unol.  inid.  inoii*  reconlly.  M.  Thilorier,  of  Paris,  succeeded 
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oblfttning  liquid  cnrbon  dioxide   (conimonly  cnllcd  carbonic  ncid)    in 
r<*at  ubunduDc-e.     The  EtppfirwiU!*  of  M,  Tbilorit^r  consiiita  u(  ii  pair  ut'  ex- 
Mocljr  strong  mcl&llic  TCRSfls,  one  of  wljicli  is  destined  to  serve  tlitj  piir- 
ostf  lit  a  re  lor  i»  and  flu?  olbcr  Ibiit.  of  a  rt'Ci'iver.     Tb(?y  nre  nmde  eiibcr 
tbick   cast  iron  or  gun-nictiil,  or»  still   bellcr.  of  tbe  bee^t  aud  lieavie«t 
i>ilcr*pt»io*   and   are  furnished  wiih    Htop-eocks  of  a  pt'culiar  kind,   the 
kin»it!^bip  of  which  mti8t  be  excellent*     The  geufiytling  vessscl  or  retort 
^  pjiir  of  trunnions  upon  which  it  swings  in  an  iron  frsinie.     Thejoinls 
?  Secured  by  collars  of  leadt  ftiid  every  precaution  tuketi  to  prevent  leak- 
er under  the  enormous  pressure  the  vessel  has  lo  bear.      The  receiver  re- 
»nih)es  the  retort  in  every  respect;   iL  ha"*  a  similar  titop-eock,  and  is  con- 
eeted  with  the  retort  by  a  strouj^  copper  tube  and  a  pair  nf  union  screw* 
Dintti:  a  tube  pa^tsea  from  tbu  atop-eock  downvvard^i,  and  lerminatea  near 
be  bottom  of  the  vessel, 
Th«  operation  in  thus  conducted:  2 J  lb.  of  ocJd  flodiiim  carbonate,  and 
}  lb    of  water  at  100°  F\,  are  introduced  in«o  the  generalor;   oil  uf  vilritil 
io  tbc  amount  of  li^  lb.  is  poured  into  a  copper  cylindrical  vessel,  whicb  is 
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rered  down  into  the  mixfure,  and   set  upright ;    the  alop-coek  ia  then 
fcMfifd  into  its  place,   and   forced  home  by  a   spanner  and  nialk't.      The 
icbine  is  next  tilted  up  on  its  trunnions,  that  the  acid  may  run  out  of  ihe 
^tlinder  and  niii  with  the  other  conlenia  nf  the  ireneraior:   and  this*  mix- 
ture IB  favored    by  swinginp^  the  whole  bjickward  anil  forward  for  a  few 
mtnuteBi  after  which  it  may  be  suffered  lo  remain  a  Itttle  time  at  rest. 

The  receiver,  surrounded  with  ice.  is  next  connected  with  Ihe  generator, 
and  both  coeks  opened;  the  liijuefied  enrbon  (liuside  disiil?i  over  into  the 
ro!«ler  vt'ft**el.  an^l  there  again  in  part  <L"onden>»es.  The  coek*<  are  now 
closed,  tbc  vessels  disconnected,  the  cook  of  the  generafnr  opene4j  to  allow 
Iht^  containod  ga5  to  escape;  anil,  la;><itly.  when  the  issue  of  gUB  'uj«  quite 
ffn*r^,  the  i«top-cuck  ifnielf  is  uni*cri'WL*il,  and  Ihe  sciditiin  BU^pUiki*  UtttveA 
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out.  ^  This  operation  must  be  repented  fire  or  six  times  before  any  rery 
considerable  quantity  of  liquefied  carbon  dioxide  will  have  accumulated  in 
the  receiyer.  When  the  receiver  thus  charged  has  its  stop-cock  opened,  a 
stream  of  the  liquid  is  forcibly  driyen  up  the  tube  by  the  elasticity  of  the 
gas  contained  in  the  upper  part  of  the  vessel. 

The  experimenter  incurs  great  personal  danger  in  using  this  apparatus, 
unless  the  utmost  care  be  taken  in  ita  management.  A  dreadful  accident 
occurred  in  Paris  by  the  bursting  of  one  of  the  iron  vessels. 

Liquid  carbon  dioxide  is  also  very  frequently  prepared  by  means  of  an 
apparatus  constructed  by  M.  Natterer,  of  Vienna,  which  enables  the  ex- 
perimentalist to  work  with  less  risk.  The  gas  disengaged  by  means  of 
sulphuric  acid  from  acid  potassium  carbonate,  is  pumped  by  means  of  a 
force-pump  into  a  wrought-iron  vessel,  exactly  as  the  air  is  pumped  into 
the  receiver  of  an  air-gun.  When  a  certain  pressure  has  been  reached, 
the  gas  is  liquefied,  and  if  the  pumping  be  continued,  considerable  quan- 
tities of  the  liquid  carbon  dioxide  may  be  thus  obtained.  By  this  appa- 
ratus nitrous  oxide  gas  has  been  condensed  to  a  liquid  without  the  use  of 
frigorifio  mixtures. 

The  cold  produced  by  evaporation  has  been 
irtready  adverted  to:  it  is  simply  an  effect 
arising  from  the  conversion  of  sensible  heat 
into  latent  by  the  rising  vapor,  and  it  may  be 
illustrated  in  a  variety  of  ways.  Ether  drop- 
ped on  the  hand  thus  produces  the  sensation 
of  great  cold ;  and  water  contained  in  a  thin 
glass  tube,  surrounded  by  a  bit  of  rag,  is 
speedily  frozen  when  the  rag  is  kept  wetted 
with  ether. 

When  a  little  water  is  put  into  a  watch-glass,  supported  by  a  triangle  of 
wire  over  a  shallow  glass  dish  of  sulphuric  acid  placed  on  the  plate  of  a 
good  air-pump,  the  wliole  covered  with  a  low  receiver,  and  the  air  with- 
drawn as  perfectly  as  possible,  the  water  is  in  a  few  minutes  converted 
into  a  solid  mass  of  ice.  The  absence  of  the  impediment  of  the  air,  and 
the  rapid  absorption  of  watery  vapor  by  the  oil  of  vitriol,  induce  such 
quick  evaporation  that  the  water  has  its  temperature  almost  immediately 
reduced  to  the  freezing-point. 

The  same  fact  is  shown  by  Wollaston's  cryophorw^  or  frost-carrier.  It 
is  a  glass  vessel  of  the  figure  represented  in  fig.  47,  and  contains  a  small 
quantity  of  water,  the  rest  of  the  space  being  vacuous.  When  all  the 
water  is  turned  into  the  bulb,  and  the  empty  extremity  plunged  into  a 
mixture  of  ice  and  salt,  the  solidification  of  the  vapor  gives  rise  to  so  quick 
an  evaporation  from  the  surface  of  the  water,  that  the  latter  freezes. 

Fig.  47. 


All  means  of  producing  artificial  cold  yield  to  that  derived  from  the  eva- 
poration of  the  liquefied  carbon  dioxide  just  mentioned.  When  a  jet  of 
that  liquid  is  allowed  to  issue  into  the  air  from  a  narrow  aperture,  so  intense 
a  degree  of  cold  is  produced  by  the  evaporization  of  a  part,  that  the  re- 
mainder freezes  to  a  solid,  and  falls  in  a  shower  of  snow.  By  suffering  this 
jet  of  liquid  to  fiow  into  a  metal  box  provided  for  the  purpose,  shown  in 
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f^  45»  ^  large  qu&iitit j  of  the  solid  oxitlf^  may  be  obtained :  it  clo8(*lj  ro^ 
Krniblci  sQovr  in  appeurMiict?,  uimI  wbeu  bekt  in  ihc  buiitl  uccJk8ioii»  »  ftiiiiiful 
'  it  ion  t*t  eald.  vtiiilo  it  jrriiiliitilly  disjippujii-s*  Wln^n  it  is  uiiJiid  wilh  a 
^•iher,  ttinJ  pimriMi  up<»n  u  miy<?i  ol'  mcrcui-y,  the  latter  b  ulmosl,  iiv- 
V  froTcn.  uii^i  in  thiif)  way  pound:)  of  iLie  sulitlitierl  mtitul  may  be  ob- 
i.  The  aildiiioQ  of  the  eliiur  i'iiciHtute»  tbe  coniuct  vH  the  carbon 
I-  "  tfh  the  mercury* 

P«fniture  of  a  luixture  of  Holid  earY>on  iJioxide  and  ether  in  the 
u  lied  by  a  ^pirit-thertuoiuctor,  wa««  found  to  be — lUtJ^  i\;  vvhentiie 

Piiov  mixture  w^»  pbwred  beneath  the  receiver ofan 
•ir  ptttTip.  and  exhaustion  rapiilly  roa<le,  iJje  tcin-  Ftg.A^ 

|.  tnk  to — Hi<J«  F.    This  was  the  method 

*  :  !|i  extreme  cold  employed  by  Mr.  Far- 

m*i  i  V   III  m-  '  fits  on  ihi  liquefacttun 

9f  %tL>*vii*      '  iimHtanccH  the  liqiietied 

h""*'!''!''     ...  :  .. ,  ,    uiic  Acid^,  sulphur  diox- 

i  I  dioxiiie^  nitrogen  niounxide,  hydrogen 

c  yanogen^  and  ammtmiiL,  froze  to  color- 

le?v  tmu^parenl  soUeUy  and  alcohol  becuiue  thick 
atwJ  4*ity*  •* 

principle  of  the  cryophorus  has  been  very 

npplie^i  by  Mr.  DatiicU  to  the  construction 

id'  *    hygrometer,  fig.  48.     It  consists 

hibe  terminated  by  two  bulbs,  one 

,  i*..J  tilled  with  ether,  the  whole  being 

YSCM^na  10  Y*eepfrct,^  Atiiiofipheric  air.     A  dclk-ate 

tlieriBoni«fer  in  containeil  in  the  longer  Hmln  the 

lb  of  which  flipi  into  the  ether;  a  second  iher- 

LMii«l«r  on  the  j^taiid  aen^es  to  show  the  actual 

pmperatiire  of  the  air.     The  upper  bulb  is  coT- 

1  *rilh  a  bit  of  niUBlin.     When  an  observation 

to  be  mndo.  the  liquid  if,  nil  trftn.«iferred  to  the 

VT  Utilb,  and   ether  d nipped   upon   the   upper 

until  by  the  cooling  ellcct  of  evftporatiou  n  distillation  of  the  contained 

~  takes  place  from  one   part  of  the   nppurrituH   to   the   other,  by  which 

reduction  of  temperutnrc  of  ihe  ether  i**  brought  about  tliat   dew  in 

tt#?d  on  the  outnitle  of  Ibts  bulb,  which  i^^  marlc  ot  black  glnse  in  order 

it  may  hv  more  easily  Been,     The  difference  of  tetupcralurc  indicuLcd 

fy  the  two  Uiertnomcterfl  ia  then  read  off. 
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SPECIFIC  HEAT. 

tft  a  rery  remnrknble  fact  that  equal  weights  of  different  BubBtanceB 
Ig  the  same  teinperaiiire   ref|Tiire  different  amouutj^  of  hejit  to  raise 
lo  a  given  degree  of  temperature.     If  1   lb,  of  water,  at.   ItKT,   bo 
■jxed  witli  1  lb.  ni  40^,   then,   as  is   well  known,  a  mean  temperatxtre 

lliO  4-  40 

=:  70  is  obtained.     In  the  same  way  the  mean  temperature  is 

n«l  wben  warm  and  cold  oil,  or  warm  nnd  cold  mercury.  &c.,  nre  mixed 
[igethcr.  Uut  if  1  11>^  of  water  nt  Ititl-  be  miJced  wiifa  1  lb.  of  olive  oil  at 
[>^  or  with  1  lb  of  mercury  at  411^.  then  in^'tcnrj  of  the  mean  temperature 
lif^t  in  the  one  ca-*e  ^0^^  in  (he  other  caj^e  \^H°,  will  be  obtnined:  2t) 
pgrer^  of  heat,  whicli  the  wafer  (by  cooling  from  \0(P  to  80**)  pave  to  the 
weight  of  oib  wer«  sufficient  lo  raise  the  oil  4U®,  that  ia,  from  4t**  la 
*;  and  2^»  which  the  tvatcr  lost  by  cooling  from  ItX)*'  lo  98**,  sufficed  to 
heat  an  equal  quantity  of  mereurjr  Ss^^  namely,  f^om  40^  to  ^^- 


70  HEAT. 

It  is  eTiUeni  from  the^c  eiperiinenJs  (bat  the  quant itles  of  heftt  whielt 
equnl  weights  of  wntor*  olive  oil*  mid  iiiprcury,  require  ia  raiae  Iheir  t«m* 
p^riiture  to  tU^  ituine  height,  are  unequal,  and  that  they  are  in  ihe  proper-^ 
Hon  of  th«  number??  1  :  |^  :  3'^,  or  1  :  J  :  j*^, 

Thfse  quautities  of  heat,  expressed  relatively  to  the  quantity  of  heat  re* 
quired  to  raise  the  temperature  of  an  eqnni  weight  of  water  from  0°  to  1® 
Ct  are  called  the  Mp^rijit  /tfata  of  the  vurioii^  Biibslances:  thus  the  ex- 
periments just  described  show  timt  the  specific  hejit  of  olive  oil  i«i  J»  that 
in  to  »ay^  the  quoutify  of  lieat  which  woidd  ruise  thn  lemperature  of  any 
giron  qiiuiitily  of  oUve  rdl  from  V^  to  1°  would  r«isc  thai  of  an  equal  weight 
of  water  only  from  0^  to  \^^  or  of  half  that  quantity  of  water  from  (f 
lo  1°, 

The  specific  heats  of  bodies  are  someiimes  said  to  measure  their  relatire 
CQfttcitifg  for  hf'uL 

There  are  three  distinct  methods  by  which  the  i?pecific  heals  of  varioUM 
stihBfniiceH  may  be  enumateil.  The  first  of  these  i*  hy  oljwervrtig  the  qunnttiy 
of  ice  melted  hy  a  given  weight  of  the  subtttance  heated  to  a  particular 
terojjcralurc;  the  eecoiid  is  by  noiing  the  iiote  which  the  healed  body  re- 
qnircH  lo  eool  down  through  a  certniu  number  of  dogieea;  and  I  be  1bir*l  t§ 
the  methoil  of  mixture,  on  the  principle  illustrated:  this  latter  method  h 
preferred  as  tlie  most  acctiratc^ 

The  ileternji nation  of  I  he  specific  heat  of  different  snbataneefi  has  oc- 
eiipied  the  a  Mention  of  many  experimenters;  among  these,  l>ub>ng  and 
Petit,  and  recently  Regnuult  and  Kopp,  de**t'rvo  especial  mention. 

From  the  obsprvHliiin  of  these  nud  other  physicif^U,  it  follows  tbat  eack 
body  has  Us  peculiar  sprcifie  heat,  and  that  the  specific  beat  increai^es 
with  increase  of  tem|>ei"alure.  If,  for  exitn^ple,  Ihc  heat  which  the  unit 
of  water  Iobcb  by  cooling  from  lt.J'°  to  0°  he  mnrkcd  at  lt>**,  then  the  los^  by 
cooling  from  50°  to  0*^  will  he,  not  50,  corresponding  to  the  difference  of 
temperature,  hut  ijO-l.  By  cooling  from  l(J1J°  to  U^  it  is  100-5,  and  rises  to 
2t>:i*-  when  the  water  is  heated  under  great  pressure  to  ilOCi^  mud  afterwards 
coobnl  to  {f°,  Similar  and  even  more  striking  ditTereueeM  Iiavo  been  found 
with  other  subsianeeB.  It  buti  also  been  proved  that  the  »«pecific  beat  of 
&ny  substance  is  greater  in  the  liquid  than  in  the  solid  stale.  For  examplOf 
the  speeilie  heat  of  iee  is  0-504,  that  is,  not  more  Ihau  half  as  grcut  as  tkul 
of  ]if|uid  water. 

ll  is  rem rirk able  that  the  specific  hejit  of  water  is  grenter  than  thai  of 
all  other  folid  and  liqnid  suh:-tances»  and  In  only  exceeded  by  fh«t  of 
hydrogen.  The  ."pccific  hesit  of  t!ie  solid  parts  of  the  crust  of  the  globe  ia 
on  an  average  J,  uiid  ihni  of  ;iii  atmosphere  nearly  J  that  of  water. 

If  the  specific  heat  of  ony  body  within  certain  degrees  of  temperature  be 
aecurutely  known,  then  from  the  <|Uftntity  of  heat  which  this  body  gives  out 
when  quickly  dipped  into  rold  water,  the  icniperature  to  the  ivhich  the  body 
was  bented  iiniv  he  determined.  I'ouillet  bus  toundcd  on  this  fact  a  method 
of  measuring  higii  temperatures,  and  for  this  purpose,  with  the  help  of 
the  air-thermomeler,  ho  has  determined  the  speci^o  beat  of  platinum  up 
to  IfiCK)®. 

The  determinaiiou  of  (he  specific  beat  of  gases  is  attended  with  peculiar 
difficulties,  on  nccouni  of  the  coniparnlively  Inrge  volume  of  snuill  weights 
of  gases.  For  many  gases,  however,  satisfactory  results  have  been  ob- 
laini^l  by  Ihe  method  of  mixing. 

When  a  gas  expands^  heat  heeomes  latent.     The  amount  of  heat  required, 
thfrefore,  lo  rai^e  a  gas  to  nny  given  temperature  increases  Ihe  more  thi 
gas  in   que?*!iun  i.-^  Billovvfd   to  expand.     The  quantity  of  heat  which  thd^ 
unit-weight  of  »  gas  rtMiuit-es  In  order  to  raise  its  teniperature  1**  without^ 
itj  %'olnme  uuilergoiug  any  change  i  which  can  only  lake  place  by  the  pres- 
sure being  simultaneously   augmented)  is  called  the  specific  heal  of  the 
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pii«|  anulant  volume.     The  quantiijr  of  heftt  required  by  th«  unit-weigbt 

•f  m  g&R  to  r^lse  its  temperiiture  P.  it  beiug  ui  Iht^  gjiiiit!  lime  allowed   la 

i  '  ur  111  suL'h  an  exteiit  ihul  itiv  pr(*ei{«ure  to  which  \i  m^  cipoecd  rcmniua 

itigvd,  i^  called  the  specific  hcul  of  the  gas  at  ronnUint  prrxtture,     Ac- 

'  *'■  v-»..ir  has  alreadjr  been  tjtated,  the  sjjt^cific  heut  at  ut»ii*ilnijt  pros- 

>'ater  than   that  ui  cotiHt&iit  toUuiic\      I>ul(iiig  futiud,  iu  iho 

-     t-ric  ftir^  of  oxygen,   of  hydrogen,  aad  uf  uilicigen^  that  ihtt 

two  «pt»cihi-^  li«aiM  are  iu  ihts  proportion  1-421  :  K     For  carbon  uionoJtMie, 

koitever.  he  obtained  the  proportion  of  1'423^  for  carbon  dioxide  KiHT,  for 

B^roj^^n  dioxide  1  343,  and  for  olefiant  gas  1'24  lo  L     The  exact  deternii- 

aatton  of  tbe»e  raiioa  is  fsxtremeljr  difficuU,  and  the  reBulta  of  different 

phjiicints  by  no  mt*an<!i  agri*o. 

The  first  satisfactory  comparison  of  the  specific  heat  of  air  with  that  of 
w*!--*-  v*^'. «  nmile  by  Count  Rum  ford;  later  comparisoiiM  of  the  Bpecific  heat 
1  gaites  have  been  made  by  Delarochc  and  Bcrard,  Dulong  and 

The  nntt  researches  of  Ddarocbo  and  Bcrard  furnished  the  resiilU  cm* 
bodied  m  tii«  following  table:  — 


SPECIFIC  DEAT. 

tUiiml  voluiTt<>t. 
Til*'  v<ilnn»tt*  Tlu*  prMsare 

CUtUltMUi.  CUtlAtAUt. 

.1  .1 

1  .  1 

.1  .1 

1  I 

.1  .1 

1-227  .         l'}m 

.     1-219  .         1176 

1-754  .         1  5;J1 


Kqnal  urdflttn. 


I 

0-26t;9 

0  1lfH5 

0-2414 

11  J^iKJ 

3'H:M;0 

1  021*0 

0-2748 

l-(m37 

0-2759 

0  7*107 

02030 

07085 

0-2051 

1-6829 

04226 

Itino^heric  air 

l^drogcn 
lttri.*gcn 

irbon  monoxide  . 

Itrogcn  moiioxiilc 

krbon  dioxide 

h^fiaht  gaa 

The  latest  and  most  tnwtwortby  determinations  aro  those  of  Regnault, 

Ittirh    arc    given   in   the   ftubjoined   inblo.      Itii  peeond   column  of  tigurG»« 

faded  "*  For  e<|U»t  %vcight(i.     Wutt-r^l,'*  contuioji  thtj  **pi«c"iiic  hvnt^  of 

ke   gupietf  under  constant  pressure,  that  of  water  being  taken  eqtial  to  L 

it  in  both  inteful  and  interesting  to  eoinpare  the  quantities  of  heat  which 

j*v»,  haTing  equal  ToUimcs  at  0**  and  700  ■m,,  require  to  niiac  them  1°,  the 

TUMtr*  remaining  constant,  they  have  been  given  under  the  bead  *♦  For 
^aal  volumes'  in  the  third  column  of  the  luble,  wherein,  it  pibould  be  staled, 
k«r  unit  of  heat  is  the  amount  of  bent  required  to  hent  a  unit-weight  of 
|al»'r  1**,  while  the  unit  of  volume  ia  the  volume  of  a  unit-weight  of  air  at 
' '  and  760  mm.     The  first  column  gives  the  specific  gravity  of  the  gases  re- 

rr^d  to  ftir  ae  1. 


BPBCIFIC  HJtAT  AT  CONSTANT  PRESSURE. 


f)a 


pherio  air 


»yg«ii     . 
Hiirog^n 
lydrofen . 
^iiloriiic 


le 


SiMH'iflc  Omvlty, 
Air  —  1. 

1 
,        MOoC 
*M17i;i 

.       ^Kt772 

0*^070 

,       1-6210 


Fur  o<i|iimI  H>>igtits. 
WikUoV  -  1. 

02377 
0  2175 
0  2438 
3  4(K*0 
0*1210 
00or,5 
0  2*r.O 
02U)*3 


For  i^iuiil 

0-2377 
0  2405 
0,2308 
0-2359 
0  2r*G5 
n  'VtjQ 
'    ■  ,;n 
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Specific  Gravity. 

For  equal  weights.       For  equal 

Oases. 

Air  =  l. 

Water  =:  1. 

volomea. 

Nitrogen  monoxide    . 

.      1'5241 

0-2262 

08447 

Nitrogen  dioxide    • 

1*0384 

0-2317 

02406 

Olefiant  gas 

.      0-9672 

0-4040 

0-4106 

Marsh  gas      .... 

0-6527 

06929 

0-3277 

Aqueous  yapor  . 

.      06220 

0-4805 

0-2989 

Sulphuretted  hydrogen . 

M746 

0-2482 

0-2857 

Sulphur  dioxide 

2-2112 

01644 

0-8414 

Vapor  of  carbon  bisulphide 

.      2-6258 

01569 

0-4122 

Hydrochloric  acid 

1-25% 

0  1852 

02838 

Ammonia  .... 

.      0-5894 

0-5084 

0-2996 

The  researches  of  Dclaroche  and  Berard  led  them  to  suppose  that  the 
spccifio  heat  of  gases  increased  rapidly  as  the  temperature  was  raised,  and 
that  for  a  given  volume  of  gas  it  increased  in  proportion  to  the  density  or 
tension  of  the  gas.  Regnault  found,  however,  the  quantity  of  heat  which  a 
given  volume  of  gas  requires  to  raise  it  to  a  certain  temperature,  to  be  in- 
dependent of  its  density ;  and  that  for  each  degree  between  —  80®  and  225® 
it  is  constant.  Carbon  dioxide,  however,  forms  an  exception  to  this  rule,  its 
specific  heat  increasing  with  the  temperature.  Regnault  believes  that  other 
gases  agree  with  carbon  dioxide  in  showing  this  anomaly,  but  he  has  not 
established  it  by  experiment.  In  the  table,  mean  values  for  temperatures 
between  10°  and  200°  have  been  given. 

Several  physicists  have  held  that  the  specific  heats  of  elementary  gases, 
referred  to  equal  volumes,  are  identical.  The  numbers  which  Regnault 
found  for  chlorine  and  bromine,  however,  show  that  the  law  does  not  hold 
good  for  all  elementary  gases. 

It  has  been  already  stated  that,  when  a  gas  expands,  heat  becomes  latent. 
If  a  gas  on  expanding  be  not  supplied  with  the  requisite  heat,  its  tempera- 
ture falls  on  account  of  its  own  free  heat  becoming  latent.  On  the  other 
hand,  if  a  gas  be  compressed,  this  latent  heat  becomes  free,  and  causes  an 
elevation  of  temperature,  which,  under  favorable  circumstances,  may  be 
raised  to  ignition :  syringes  by  which  tinder  is  kindled  are  constructed  on 
this  principle. 

Dulung  and  Petit  observed  in  the  course  of  their  investigation  a  most  re- 
markable circumstance.  If  the  specific  heats  of  bodies  be  computed  upon 
equal  weights,  numbers  are  obtained  all  different,  and  exhibiting  no  simple 
relations  among  themselves;  but  if,  instead  of  equal  weights,  quantities  be 
taken  in  the  proportion  of  the  atomic  weights,  an  almost  perfect  coinci- 
dence in  the  numbers  will  be  observed,  showing  that  some  exceeding  inti- 
mate connection  must  exist  between  the  relations  of  bodies  to  heat  and 
their  chemical  nature;  and  when  the  circumstance  is  taken  into  view, 
that  relations  of  even  a  still  closer  kind  link  together  chemical  and 
electrical  phenomena,  it  is  not  too  much  to  expect  that  ere  long  some  law 
may  be  discovered  far  more  general  than  any  with  which  we  are  yet  ac- 
quainted. 

In  the  following  table  the  elementary  bodies  are  arranged  nearly 
in  the  order  of  their  specific  heats,  as  determined  by  Regnault,  begin- 
ning with  those  whose  specific  heat  is  the  greatest;  and  this  order,  it 
will  be  observed,  is  the  inverse  of  that  of  the  atomic  weights  in  the  third 
column :  — 
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Specific  ffeaU  of  Elementary  Bodies. 


Spedflc  Heat 

Atomic 
Weightii. 

Product  of 

neoMQts. 

(that  of 
Water— 1). 

8p.  Ueat  X 
At.  Weight. 

Lithiom  .... 

09408 

7 

6-69 

Sodium 

, 

0.2934 

23 

6-75 

Aluminium 

0-2143 

27.5 

5-89 

r-«»P-o-{K 

0-2120 
01887 

}  '■  { 

6  57 
5-85 

Sulphur 

0-20-26 

32 

6-48 

Potassium 

01696 

39 

6-61 

Iron    . 

01138 

56 

6-37 

Nickel     . 

0  1086 

58-7 

6-37 

Colwlt 

01070 

68-7 

628 

Copper   . 

0-9615 

63-5 

6-04 

Zinc    . 

0  9555 

65 

6-24 

Arsenic  . 

0-8140 

75 

6-10 

Selenium    . 

0-7616 

79 

6-02 

Bromine  (solid) 

0-8432 

80 

6-75 

Palladium  . 

0-5928      , 

106-5 

6-31 

SiWer      . 

0-6701 

108 

6-16 

Cadmium 

0-6669 

112 

6.35 

Tin          ... 

06623 

118 

6  63 

Antimony    . 

0-6077 

122 

6-19 

Iodine 

0-5412 

127 

6-87 

Tellurium  . 

0-4737 

128 

606 

Gold 

0-3242 

196-7 

6-38 

Platinum     . 

0-3113 

197-4 

615 

>i-"y  {Sj^d 

0-8192 
0-3382 

}  ="  { 

6-38 
6-66 

Lead 

0-3140 

207 

6-50 

Bismuth 

0-3084 

210 

6-48 

A  comparison  of  the  numbers  iq  the  fourth  column  of  this  table  shows 
that  for  a  considerable  number  of  elementary  bodies  in  the  solid^tate  the 
specific  heats  are  very  nearly  proportional  to  the  atomic  weights,  so  that 
the  products  of  the  specific  heat9  of  the  elements  into  their  atomic  weights 
giro  nearly  a  constant  quantity,  the  mean  yalue  being  6*4.  This  quantity 
may  be  taken  to  represent  the  atomic  heat  of  the  several  elements  in  the 
solid  state,  or  the  quantity  of  heat  which  must  be  imparted  to  or  removed 
from  atomic  proportions  of  the  seyeral  elements,  in  order  to  produce  equal 
variations  of  temperature. 

Nevertheless,  this  law  must  not  be  understood  as  perfectly  general,  for 
there  are  three  elements,  namely,  carbon,  boron,  and  silicon,  which  exhibit 
decided  exceptions  to  it,  fu  shown  by  the  fQllowing  numbers: 
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Bementa. 

Spedflc  Heat 

Atomic 
Wdgliti. 

Product  of 
AtWdcht. 

Boron,  cryBtallized 

C  wood  charcoal 

Carbon  /  graphite 
(  diamond  . 

0-2500 
0-2416 
0-2008 
0-1469 
01774 
01760 

11 
12 

1  » { 

2-76 
2-90 
2-41 
1-76 
497 
4-70 

The  specific  heats  and  molecular  weights  of  similarlj  constituted  com- 
pounds exhibit,  for  the  most  part,  the  same  relation  as  that  which  is  obsexTed 
between  the  specific  heats  and  atomic  weights  of  the  elements. 


80UBCE8  or  HEAT. 

The  first  and  greatest  source  of  heat,  compared  with  which  all  others 
are  totally  insignificant,  is  the  sun.  The  luminous  rays  are  accompanied 
by  rays  of  a  heating  nature,  which,  striking  against  the  surface  of  the  earth, 
elevate  its  temperature ;  this  heat  is  communicated  to  the  air  by  convection, 
as  already  described,  air  and  gases  in  general  not  being  sensibly  heated  by 
the  passage  of  the  rays. 

A  second  source  of  heat  is  supposed  to  exist  in  the  interior  of  the  earth. 
It  has  been  observed  that  in  sinking  mine-shafts,  boring  for  water,  &c.,  the 
temperature  rises  in  descending,  at  the  rate,  it  is  said,  of  about  |^  C.  (1^  F.) 
for  every  45  feet,  or  66®  C.  (117®  F.J  per  mile.  On  the  supposition  that  the 
rise  continues  at  the  same  rate,  tne  earth,  of  the  depth  of  less  thail  two 
miles,  would  have  the  temperature  of  boiling  water;  at  nine  miles  it  would 
be  red-hot;  and  at  80  or  40  miles  depth  all  known  substances  would  be  in 
a  state  of  fusion.* 

According  to  this  idea,  the  earth  must  be  looked  upon  as  an  intensely 
heated  fluid  spheroid,  covered  with  a  crust  of  solid  badly  conducting  matter, 
cooled  by  radiation  into  space,  and  bearing  somewhat  the  same  proportions 
in  thickness  to  the  ignited  liquid  within,  that  the  shell  of  an  egg  bears  to 
its  fluid  contents.  Without  venturing  to  ofi'er  any  opinion  on  this  theory,  it 
may  be  suflicient  to  observe  that  it  is  not  positively  at  variance  with  any 
known  fact;  that  the  figure  of  the  earth  is  really  such  as  would  be  assomed 
by  a  fluid  mass;  and,  lastly,  that  it  offers  the  best  explanation  we  hsTe  of 
the  phenomena  of  hot  springs  and  volcanic  eruptions,  and  agrees  with  tho 
chemical  nature  of  their  products. 

Among  the  other  sources  of  heat  are  chemical  combination  and  mechani- 
cal work. 

The  disengagement  of  heat  in  the  act  of  combination  is  a  phenomenon  of 
the  utmost  generality.  The  quantity  of  heat  given  out  in  each  particular 
case  is  fixed  and  definite;  its  intensity  is  dependent  upon  the  time  over 
which  the  action  is  extended.  Many  admirable  researches  on  this  subject 
have  been  published ;  but  their  results  will  be  more  advantageously  con- 
sidered at  a  later  part  of  this  work,  in  connection  with  the  laws  of  chemical 
combination. 

•  The  Artesian  well  at  Orenelle.  near  Paris,  hat  a  depth  of  1704-5  Kngliab  fiN>t:  it  ii  bored 
through  the  chmlk  bttain  to  the  itand  boneatti.   The  temperature  of  the  water,  which  in  exceed- 
fogfjr  Mbnoihiut,  h  H'29  F. ;  the  nimn  tomperatore  of  Paria  U  bV^  V.;  th«  d\fi«c«nic«  Sa  ^^  V.; 
mhlch  girm  m  nUt  of  About  i^*  for  66  fe  et 
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^roduad  by  Mfthankal  Work. — Heat  and  motion  are  convertihlo  one 

mo  the  other.     The  powerful  mechanical  efftiets  produced  hy  the  chiMicitj 

^f  ■'      -    -r,T  eTolved  from  beuled  liquitJ^  iiffortl  nhuiidiuit  illuf^tnition  uf  the 

|c  ^f  hcttt  into  motion;  and  the  prodnctiun  tif  bent  by  ft'ietion,  by 

itt         L  ring  of  mcials,  and  in  the  condettsutioo  of  giiaea  (p.  72j^  shows 

irith  equal  clearne?*  that  motion  niiiy  be  converted  into  heat. 

In  fiome  casea  the  rise  of  fempcrttitjre  thus  produced  uppeani  to  be  due  to 
^ drmiDtition  of  heat-capacity  in  the  body  operated  upon,  u  in  the  case  of 
^compresfied  ga«i  just  alluded  to.  AJullon^ble  luettii^,  alao,  as  if  on  atid  eopperi 
bhich  become  heated  by  liammering  or  powerful  prei<^sure,  are  found  thereby 
I  bare  their  density  sensibly  increajted  and  their  oii|mcity  for  heat  dimin- 
hed.  A  soft  iron  nail  may  be  mode  red-hot  by  a  few  dexterous  blows  on 
lftiiTi]:  hut  the  experiment  cannot  be  repeated  until  the  tiielul  has  been 
ntialed^  and  in  that  manner  restored  to  iU  former  phyMiral  sinle. 
But  the  amount  of  heat  which  can  be  developed  by  uiechiiuieal  force  i§, 
I  most  ca»e9,  out  of  all  proportion  to  what  can  be  neeoiinted  fur  in  this 
way.  Sir  H,  Davy  melted  two  pieces  of  ice  by  rubbing  them  together  in  s 
vacuum  at  the  temperature  of  O'^;  and  Count  Humfonl  found  thsit  the  heat 
Teloped  by  the  boring  of  a  brass  cannon  was  sufficient  to  bring  to  tho 
lin^poinl  tvro  and  a  half  gallons  of  water,  while  the  du8t  or  shavloga 
*  Bietal,  eot  by  the  borer,  weighed  only  a  few  ounces*  In  these  and  all 
cased  the  heat  appears  as  a  direct  result  of  the  force  expended;  the 
iiMk  u  converted  into  heat. 
The  connection  between  heat  and  mechanical  force  appears  «till  more  in- 
nate when  it  is  «hown  that  they  are  related  by  iin  exuct  numerical  Inw,  a 
ven  ituaniity  of  the  one  being  always  convertible  into  a  definite  amount 
ihc  other.  The  first  approximate  determination  of  this  mosl  important 
acricnl  relation  was  made  by  Count  Rutoford  in  the  manner  just  alluded 
A  brasii  cylinder  enclosed  in  a  box  containing  a  know  n  weigUt  of  water 
I  60*  F.  waa  bored  by  a  steel  borer  made  to  revolve  by  bo^^e-powe^.  and 
he  time  was  noted  which  elapsed  before  the  water  was  raised  to  tb*:  boiling- 
»inl  by  the  he^it  resulting  from  the  friction.  In  thin  tnanner  it  was  found 
at  the  beat  required  to  raise  the  temperature  of  a  pound  of  water  by  1** 
fc.  is  eipiiralcnt  to  1034  times  the  force  expended  in  raising  a  pound  weight 
!  iooi  high*  or  to  1034  **foot  pounds,"  as  it  is  teehnically  expressed.  This 
ie  ia  now  known  to  bo  too  high,  no  account  having  been  taken  of  the 
eomiDunicated  to  the  containing  vessel,  or  of  that  which  was  lost  by 


diapvrnon  during  the  experiment. 
Forth 


'the  most  exact  determinations  of  the  mechanical  equivalent  of  heat 
we  are  indebted  to  the  careful  and  elaborate  reaearcheB  of  Mr.  J.  P.  Joule. 
From  eiperiroents  made  in  the  years  1840—13  on  the  relationi*  between  the 
heat  and  mechanical  power  generated  by  the  electric  current,  Mr.  Joule 
led  to  conclude  that  the  heat  required  to  raise  the  lempcrutrjre  of  a 
1  of  water  1°  F.  is  eqnivalent  to  838  foot-pounds;  Ibis  he  afterwards 
1  to  772;  and  a  nearly  equal  result  was  afterwards  obtained  by  ex- 
tnta  on  the  condensation  and  rarefudion  of  gases;  bnl  this  estimate 
lice  been  found  to  he  likewise  too  great. 

\  most  trustworthy  results  are  obtained  by  measuring  the  quantity  of 

Pfierated  by  the  friction  between  solids  and  liquids.    It  was  for  a  long 

_    elicred  that  no  beat  was  evolved  by  the  friction  of  liquids  and  gases. 

^  In  1H42  Meyer  showed  (4)»t  the  temperature  of  water  may  be  raised 

or  !W  P.  by  agitating  it.     The  warmth  of  the  sea  after  a  few  days  of 

ly  wcniher  is  also  probably  an  effect  of  f^uid  friction. 

apparatus  employed  by  Mr.  Joule   for  the  deicrminntion  of  this  im- 

•'    " *  »Tit,  by  mean.^r  of  the  friction  of  water,   constaled  of    n  \)TtiMi 

rnhbeil  with  eight  itfis  of  revolving  vanes,  working  W^viteu 
uonmrjr  rmnea.     Thitf  rerQhing  apparatus,  of  w\vie\i  t%.  i^ 
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Fig.4». 


Fig.  60. 


shows  a  Tertical,  and  ftg.  50  a  horitontal  seotion,  was  ftrmly  fitted  into  a 
copper  yessel  (see  fig.  51)  containing  water,  in  the  lid  of  which  were  two 

necks,  one  for  the  axis  to  reyoWe  in 
without  touching,  the  other  for  the 
insertion  of  a  thermometer.  A 
similar  apparatus,  but  made  of  iron, 
and  of  smaller  sixe,  haring  six  rota- 
tory and  eight  sets  of  stationary 
Tanes,  was  used  for  the  experiments 
on  the  friction  of  mercury.  The 
apparatus  for  the  friction  of  cast- 
iron  consisted  of  a  rertical  axis  car- 
rying a  beyelled  cast-iron  wheel, 
against  which  a  beyelled  wheel  was 
pressed  by  a  leyer.  The  wheels 
were  enclosed  in  a  cast-iron  yessel 
filled  with  mercury,  the  axis  passing 
through  the  lid.  In  each  apparatus 
motion  was  giyen  to  the  axis  by  the  descent  of  leaden  weights  w  (fig.  51)  sus- 
pended by  strings  from  the  axis  of  two  wooden  pulleys,  one  of  which  is 

Fig.SL 


shown  at  p,  their  axis  being  supported  on  fHction  wheels  d  d,  and  the  pulleys 
were  connectett  by  fine  twine  with  a  wooden  roller  r,  which,  by  means  of  a 
pin,  could  be  easily  attached  to  or  remoyed  from  the  friction  apparatus. 

The  mode  of  experimenting  was  as  follows:  —  The  temperature  of  the 
frictional  apparatus  having  been  ascertained,  and  the  weights  wound  up, 
the  roller  was  fixed  to  the  axis,  and  the  precise  height  of  the  weights  as- 
certained :  the  roller  was  then  set  at  liberty,  and  allowed  to  reyoWe  till  the 
weights  touchett  the  floor.  The  roller  was  then  detached,  the  weights 
wound  up  again,  and  the  friction  renewed.  This  haying  been  repeated 
twenty  times,  the  experiment  was  concluded  with  another  obsenration  of 
the  temfierature  of  the  apparatus.  The  mean  temperature  of  the  apart- 
ment was  ascertained  by  obsenrations  made  at  the  beginning,  middle,  and 
end  of  each  experiment'.  Corrections  were  made  for  the  effects  of  radia- 
tion and  conduction;  and.  in  the  experiments  with  water,  for  the  quantities 
of  heat  aK<«orbed  by  the  copper  yessel  and  the  paddle-wheel.  In  the  ex- 
p^rimtnt*  with  mercury  and  cast-iron,  the  heat-capacity  of  the  entire  ap- 
fmrmtuf  wm^  aeH^^rfainetl  by  obserying  tYie  YiealVnn  efl«tA.  w^VciV  \1  produced 
Ml  «  known  qumntity  of  water  in  wMoK  il  waa  \mm«T««4.    \ik  iQX  \^^  «s.<^ 
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|wrimeat«,  corrections  were  also  made  for  the  velocity  with  which  the 
tfighta  oiune  lo  the  ground,  and  for  the  frlctiou  trnd  rigidity  of  the  «i  rings* 
The  Ihemiottteters  luied  were  capable  of  Lndicating  a  variation  of  tempera* 
ture  as  email  as  yj^  of  a  degree  Fahrenheit. 

Th«  following:  table  contains  a  Hummarj  of  the  result i§  obtained  bj  thia 
■ilbod;  the  second  colimm  gives  the  rcsulis  as  tliej  were  obiaiue  in  &ir; 
IlilbB  third  colunm  tii©  same  resuUfl  corrected  for  a  vacuum;  — 


Mat<n^| 

Eqnivnicnt 
in  air* 

Equimlfftit 

lu  vucuo. 

Monn. 

Water 

775040 

772692 

772G93 

Mercury  . 

f  77a '7^2 

\  7Hr?m 

772  814  > 
775  352  ( 

774'083 

Cast-iron , 

j  77fl-lM)7 
'  774  8»*0 

77G  045  1 
774\m  / 

774-987 

In  the  experiment*  with  cast-iron^  ihe  friction  of  the  wheels  produced  a 
considerable  vibraiioii  in  the  frame-work  of  the  appivnitus,  and  a  loud 
soond ;  it  was  therefore  necessary  to  make  allowance  for  the  ^yariliiv  of 
foree  expended  in  producing  these  effects.  T*je  nmiiber  772602,  obfuined 
by  the  friction  of  water,  is  regarded  a^a  ihomoft  trustworthy;  but  even  ihis 
may  be  a  little  too  high;  because  even  iij  tlie  frictifin  of  fluids  R  is  impos- 
sit^l*  entirely  to  avoid  vihrailon  and  sound.  The  coutilusions  deduced  from 
thmt^  experiments  are:  — 

1.  Thnt  tkt  ^uantitii  of  heat  prdduefti  bt/  the  friction  of  bodit4^  whtthtr  solid  or 
Uquui^  M  aiwatf3t  prnportional  (o  the  forte  trpfudrd, 

2,  That  th*  quantity  of  heat  tapaU*  0/  inrr musing  the  Umperahtre  of  IM.  of 
w^tr  {te-fightd  m  vaeuo^  ami  htiwt'TM  5ii°  and  CO*)  btf  P  /",,  rcquirfi  for  iti  ceo- 
iHtion  the  e^mditure  of  tt  mechanical  force  repnaentcd  by  the  fall  of  772/6*. 
tkr^mgk  thu  wpaee  of  I  foot. 

Or,  the  A<it/  capable  of  increaning  (he  temper aiurf  of  I  gram  offeaUr  by  1^  C, 
'  aUni  to  ft  force  rfpresmtetl  btf  (hf  fall  of  423-.'j6  grmtn  through  the  space 

ThiM  it  c&njifquentbf  (he  (JfcH  of  *'  a  unit  of  heat/* 
erimenta  made  by  other  phi)o.Hophcr!«  on  the  work  done  by  a  steam- 
jinc,  uu  I  be  boat  evolved  by  an  cleciro-magTictic  engine  at  rest  and  in 
potion,  and  on  tJie  heat  evolved  hi  the  cirrtiit  ul  a  voltaic  btittery  and  in  a 
etullic  wire  through  which  nn  electric  current  is  piissiug,  have  given  values 
'  ibc  mechanical  equivalent  of  beat  very  nearly  equal  to  the  above. 

DYNAMICAL  THEORY  OF  KKAT. 
\  very  long  time  two  rival  theories  have  been  hc!d  regarding  the 
l4ir«  of  hout ;  on  the  one  hand,  heat  has  been  viewed  as  having  a  material 
ence,  though  differing  from  ordinary  matl«r  in  bting  without  weighty 
I  other  respecta;  on  *he  other  baud,  it  baa  been  regarded  as  a  state 
Gondii  ion  of  ordinary  matter,  and  generally  as  a  condition  of  motion, 
the  latter  part  of  the  last  century,  until  the  modern  researcheH  upon 
kmuchaJiiGal  ei]uivalentf  the  former  view  had  by  far  the  greater  number 
"  ireots.  It4i  popidarity  may  be  chiefly  traced  lo  the  teaching  of  Black 
avolaior.  By  the  former  of  these  philosopherfl,  the  various  cnpacitiea 
or  tpeoifio  heats  of  difforeoi  bodies,  seem  to  have  been  regarded 
gous  to  the  varioua  proportion-*  of  the  Bame  acid  required  to  neu- 
eqtial  qnaotitiof^  of  ditferent  bases,  while  the  solid,  liquid,  and 
S  stjitof  were  explained  by  Black  as  representing  so  many  dialinct 
iions  in  which  heat  wa^  capable  of  combining  with  ordinary  matter. 
iTerjr  eimiUr  views  were  advocated  by  Lavoisier:  he  regarded  all  gases  ft» 
compounds  of  a  base  chIlraetc^i^*tie  of  each,  with  rahric^  and  supp(>fted  i\vat 
~"'  a,  Mjf  thtf  remtU  of  cht^mical  actitm,  thej  assumed  the  \iquid  OT  BoW^ 
UimcMlorte  wmg  0€t  free  And  appvariHi  as  fticnsiblo  lieaL 
7^ 
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Heat  wts  compared  by  these  philosophers  to  a  material  substance,  in  onler 
to  explain  its  then  known  quantitative  relations:  and  from  this  point  of 
view  the  conception  introduced  by  them  had  the  great  advantage  of  being 
more  ea^^ilv  grasped  than  auv  which  the  advocates  of  the  immaterial  nature 
of  heat  had  to  offer  in  its  place.  It  was  much  easier  to  conceive  of  definite 
quantities  of  an  exceedingly  subtile  substance  or  fluid,  than  of  definite 
quantities  of  motion,  which  was  itself  undefined  as  to  its  nature.  It  was  a 
direct  consequence  of  the  material  view,  that  heat  should  be  considered  as 
indestructible  and  as  incapable  of  being  produced,  and  therefore  that  the 
total  quantity  of  heat  in  the  universe  should  be  regarded  as  at  all  times  the 
same. 

But,  on  the  other  hand,  this  hypothesis  did  not  afford  a  satisfactory  ex- 
planation of  the  prmi action  of  heat  by  mechanical  means.  Here  it  was  not 
easily  to  deny  the  actual  generation  of  heat,  or  to  explain  the  effects  as  de- 
pending merely  on  ii*  altered  distribution.  Nevertheless,  the  evolution  of 
heat  by  friction  and  pe^cu^sion  was  generally  considered,  by  the  advocates 
of  the  material  view,  as  in  s^^me  way  resulting  from  a  diminution  in  the 
capacities  for  heat  of  the  bo<lies  operated  upon:  and  this  explanation  de- 
rived considerable  supp^^rt  frv^m  the  remark,  made  by  Black,  that  a  piece 
of  s\^f\  ir\>n.  which  has  been  once  made  reil-hot  by  hammering  (foe  p.  7o), 
cannot  be  «o  heated  a  second  time  uniil  it  ha«  been  heated  to  redness  in  a 
fire  and  allowed  to  c^k>1.  In  this  case,  certainly,  it  seemed  as  though  the 
hammering  lorcod  out  heat  fn-m  the  ma5>>  of  in:>n.  like  water  from  a  sponge, 
and  that  a  fresh  supply  was  taken  up  when  the  iron  was  put  in  the  fire. 
This  eipUcation.  however,  did  not  satisfy  Bumford.  who.  in  the  investi- 
gation dos*.*rib«.»-.l  aK'vc.  made  direct  oxporiments  ufon  the  specific  heat  of 
the  chips  of  metal  deiacbe^i  by  the  fr:c::on.  and  found  it  lo  be  identical  with 
that  of  brass  unlor  oriinary  circumstance*.  Still  more  decisive  proof  that 
the  heat  generate!  by  ir:.:i^-r.  canno:  l»e  a^ribi*.!  lo  a  diminution  of  specific 
heat  in  the  substances  opera:e-i  i>n  was  afforle*!  by  lHivy>  experiment  on 
the  lij-ofacti.^a  of  ioe  by  friciion:  for  in  this  case  the  ice  was  converted 
iiiTo  a  V.-i.;:!  havinc  twice  li-.e  spociiic  heal  of  the  ice  itself.  Hence  Davy* 
drew  the  conolr.siou  that.  *'The  immediate  cause  of  the  phenomena  of  heat 
is  r.'.ov.on.  ar.d  the  la^s  of  ii^  coTr.mur.icaiion  are  precisely  the  aame  as  the 
law?  of  the  C\Tr.munica:i:'»n  of  moiix-n." 

The  mochai'.ical.  or  dvnamical  theory,  which  regarled  heat  as  eonristing 
in  a  s:a:e  of  mouvuUr  mo: ion.  cansoi  however  be  said  to  have  been  defi- 
ni:c'.y  c>:aV*.:sh<^.i.  ur.:;:  i;  al?^-  »a*  n.aie  ui:air.:iiativo.  —  until  it  was  shown 
t::a:  exact  r.ur.n-r:c*':  *.aw«  rv*::::*:e  the  pn«l'.iciion  of  heat  by  work  or  of 
w;rk  by  hrai.  e.;ua*;ly  wi:h  its  pn>tiuc:ioa  during  solidification  and  disap- 
pearsEc^e  aurisi:  fusi.-'n. 

To  i'^v.sira:e  the  pcnera'.  naiure  o'  the  dynamical  theory  of  heat,  we 
giv  oar.  o;: :'.  :r.  e  *■  f  t  b  e  x  i  c  i«  of  ;  r.  e  c  -  Ti«i : :  la:  i  on  ol  g»-*e».  fi  rst '  put  forwn  nt, 
in  its  VT>f#^r;:  •i-rrr..  b\  ,V'U:e:*  fcr.  i  s;;h«<»i'.;cntly  developeti  by  Kronig.J 
ar..i  r'.ji:>-.;:v.2  ar. i  ci  th<  exi>*;ana:7on  of  ine  relations  existing  between 
^/.-..is.  ^.:^ui.is.  a::.!  p^sK^s.  w  r.:ci.  Las  Ve<n  deduded  from  it  by  the  &st-named 

Fir*:.  :hcn.  i:  is  ass-uirei  lhai  ihe  panicilcs  of  all  bodies  are  in  constant 
Tro;..^7..  ar.  i  thai  this  Tr..M2on  con5a::-^:os  r.cai,  the  kind  and  quantity  of  mo- 
t'.iT.  ^^Tx.r.c  ao.v.rkhup  ;o  tJ.r  saaK  of  ".Le  Kviy,  whether  solid,  liquid,  or 

\t.  c*.^r^  '.Yt  tr :>.*•.-,*€*  —  earV.  Tr.^•»:^f^:>  Vine  an  aggregate  of  atoms — 
art  >i.yyv.«-.;  ;.  >»e  cor.>«fcT,:l*  ««o*:T.f  lorm-ard  in  sirai^ni  Lncs.  and  with  a 

•  r..  n-.r  M  -.    .•^.  .„  .-^    ri..M*,^:.i.'« .  ;*":.  iq.  *^  «»^  *  Vtiu  C>i  '^Vy*.  ^\L88L 


I*t«5 


int  Telocity,  till  they  itnpin^re  Again;*!  encli  0fh<*r.  or  aframst  an  ini- 

nble  wstli.     This  cua?*iiint  impiict  of  tUe  moUrouU'i?  [irdtluces  the  ex- 

liTf   tviitleney  or  elujiticirv  wliieb   ia   llit?  ptcviliar  i*hanic'lerii<lic  of  tlie 

i  tftate.    Tiie  recliUaetir  movemeni  is  not,  Lowevt>i%  iiui  tm\y  one  wilU 

vhleh  the  particles  are  uffected.     For  the  iiupact  uf  two  mnlocules  iin1e»a 

"" ;  iak«s  pluce  eiiacUj  in  the  line  joining  their  cenircH  of  griiviry,  must  giTe 

lo  n  roiAlorj  motion:  unii,  nioreoTer,  the  iilttmAte  uiotui*  of  whkh  ihe 

ulefl  are  eoinpo*e<l  may  be  supposed  to  vibrate  within  ecHiiiu  limit s, 

in  fftct,  thrown  into  vibnition  by  the  impucl  of  die  moleculea^     This 

„t,.,,.  .- .,.;,,n  i^  c&lled   hy  CUuftius,   thf  molton  o/  tkfi  conatifuent  atom*. 

The  '  ^ity  of  heat  in  the  gas  is  made  up  of  the  progro»Mivo  motion 

_i»f  th«  -i.  together  with  the  vibnitory  and  otiier  mmintiis  of  iliciton- 

atoin^;  but  the  progressive  motion  nlono,  which  is  (he  cause  of  the 

ptituitre  tendency,  detcrminva  the  iemperaturf.    Now,  the  outward  preshure 

terted  by  the  gas  against  the  containing  envelope  arises,  according  lo  the 

^'pothepid  under  consideration,  from  the  impact  of  n  grt^nt  number  of 

ons  molecules  against  the  eide^)  of  the  ve>ii<^eL     But  »t  any  givt  u  tem- 

arfi,  that  i?»  with  any  given  velocity,  the  number  of  bucIi  impueis  taking 

I  in  a  g^ren  time,  must  vary  inverisely  as  the  volume  of  the  given  quan* 

ty  of  gfw;   hence  (hr  prf*9urc  variet  mversel^  tu  the  volume  or  diruUy  om  the 

\MtiH*  which  is  Boyle 'ft  law. 

Wh«n  the  volume  of  the  gas  ia  constant,  Ihc  pressure  resulting  frnm  iho 

apact  of  the  molecules  is  proportional  to  the  i^iuii  of  the  ma!4se$<  of  nil  the 

Dolceulea  multiplied  into  the  squares  of  their  velocities;  in  other  words,  to 

lie  so^alled  vi»  viva  or  worktfy^ /(tret  of  the  progressive  motion.     If,  fur  ex* 

uple^  the  velocity  ho  doubled,  cnch  molecule  will  j<trike  tlm  eldes  of  iJie 

^•»l  with  a  twofold  force,  and  its  number  of  impacts  in  a  given  Lime  will 

be  doubled:   hence  the  total  pressure  will  he  quudntpUd. 

Now,  we  know  that  when  a  given  fjuantity  of  any  perfect  g«8  is  main^ 

^tt&ed  at  a  constant  volume,  it  tends  to  expand  by  ^^^  of  its  bulk  at  zero 

each  degree  Centigrade.      Mence  the  pressure  or  eluslic  force  incretisea 

ortionnlly  to  the  tetnpcraiurc  rcckonctl  from — Ti^V*  ('  ;  tlmt  iw  to  giiy, 

I  ubstduie  temperature*     ronscqueiilly,  the  ah&olute  tcmprratttre  ie pro- 

^  ta  (hf  ttnrhi*'/ /orcr  of  thrprof^rtteivf  mofian, 

loreover,  o«  the  motion*  of  the  oonslitucnt  particle?  of  a  gns  depend  on 

\iv  rnnnner  in  which   its  iitoms  are  uniteil,  it  follows  that  in  any  given  gas 

different  motions  must  be  lo  one  another  in  u  constant  niiKK  sind,  theru- 

the  Pi#  mt?rt  or  tcorkinff  force  of  the  progressive   motion   must   he  an 

lol  pari  of  the  entire  %vorktng  force  of  the  gas :  hence  also  the  «b&(cdute 

mperature  is  proportional  to  the  toMil  working  force  arlHiiig  from  all  tho 

!  of  the  particles  of  the  gas* 

1  this  if  follows  tliHt  lire  qopintity  of  heat  which  must  be  added  to  a 
^  ooniftant  volume  in  urder  to  rnise  i1<*  tcmporahire  by  a  given  amount, 
slant   and    independent   of   tlie   tcmpeiature.     In    other   words,    the 
Sc  heat  of  a  ga»»  referred  to  a  gtven  volume  is  con*liinl.  a  result  which 
_  rilh  this  experiments  of  Kegnaiilt.  menrHined  nt  p    72      The  result 

may  be  olhorwdse  expressed,  as  folIowiiT  —  The  total  or  working  force  of  the 
fA*  «•  io  the  worktny  force  of  the  proffrf-.rjnre  motion  of  the  mitlrmtes.  whieh  m  the 
wunmtr*  nf  the  temprraturr^  in  a  eon^tnnl  ratio.  This  ratio  ia  ililferent  for  dif- 
ln*«iii  gasea,  and  is  greater  as  the  ga^t  is  more  complex  in  its  constitution: 

IHitl<               '  1*'cules  are  mode  up  of  a  grenter  number  of  atoms. 

Hf4  I  ton  constant  pressure  is  known  lo  differ  from  the 

mi  t,       ■-     - >  a  constant  quimiity. 

The  relations  ju-«»t  considered  between  tlie  prcHsure,  volume.  »nd  temper- 
Itire  of  gases,  presuppose,  howevi^r,  £?errain  conditiouj^  of  mo\ecu\ivT  coti- 
lilntio/i,  trhf'r/t  j,rf.  prrhnpfi,  never  n>/d?j  fulfil ed  :   and,  accov(\\tvg\y ,  v\\« 
fmriM<'ats  t>f  Mngmts  nnd  H^grnault  «/iow  (p    iVl)   Ihnt   gase«  do  teiLVv^' 
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uligbt  deTiations  from  Gny-Luesac  and  Boyle*s  Ijiwb.     What  the  condUioiu 
are  which  strict  adbcrence  to  tlicsso  Uvrs  wouM  requiit',  will  Uc  bcttt^r  under 
stood  by  couiiideriiig  tbe  differences  of  molecular  conalitulion  wbich 
exist  in  Ibe  ^id,  liquid,  and  gaseous  slates. 

A  morcmeDl  of  molciMdf*^  um^t  be  supposed  lo  exist  In  all  tbree  stat 
In  the  ttolid  jifattj  tbe   motion   is   such   that   Iho   moleculos  oscillate  about 
certain  positions  of  equilibrium,  which  thej  do  not  quit,  unless  they  ar« 
acted  upon  by  external  forces.     This  Tibmtory  molion  may,  however,  be 
a  Tery  ooraplictited  character.     The  constituent  Jitonis  of  a  molecule  m\ 
vibrate  pepnratclj':  the  entire  molecules  muy  ttli*o  vibrjitc  as  such   nbos 
their  centres  of  gravity,  and  the  vibrations  may  he  either  rectilinear  or 
rotntory      Moreover,   when   extraneous   forces   act   upon   the   bodvi   aa  in 
shocks,  the  molecules  may  perumnently  alter  (herr  relative  positions. 

In  the  liquid  af ate  the  molecules  have  no  determinate  positions  of  equili- 
brium. They  may  rotate  completely  nboiit  their  centres  of  grnvHy,  and 
may  also  move  forward  into  other  positions.  But  the  repulsive  action 
arising  from  the  motion  i»  not  strong  enough  to  overcome  the  mutual  atlrae- 
tion  of  the  nKdecules  and  separate  them  completely  fr(»m  cficb  other.  A 
molecule  is  not  permanently  a^?<ociated  with  its  nrighbora.  as  in  (he  solid 
state;  it  does  Boi  leave  them  spontaneously,  but  only  under  the  induenco 
of  forces  exerted  upon  it  by  other  molecules,  with  which  it  then  comes  into 
the  same  reliition  as  with  the  former.  There  exists,  therefore^  in  the  liquid 
state,  a  vibratory,  rotatory,  and  progressive  movement  of  the  molecules,  but 
BO  regulated,  that  they  are  not  thereby  forced  asunder,  but  remain  witJ 
a  certain  volume  without  exerting  any  outward  pressure. 

In  the  ^(titrmiii  state,  on  the  other  hand,  the  molecules  are  removed  quit 
beyond  the  sphere  of  their  nnilunl  nttnictious*  and  iravel  ouwunl  in  straight 
lines  according  to  the  ordinary  laws  of  molion.     When  two  such  molecules 
meet,  they  fly  tipjirt  from  each  other,  for  the  mo.et  part  with  &  veloeily 
equal  to  that  with  which  they  came  together.     The  perfection  of  the  gaseous 
fitate.  however,  implies:  — I.  That  tbe  space  actually  occupied  by  the  mole- 
cules of  the  gjiH  be  infinitely  small  in  coioptirison  with  the  entire  volume  of 
the  gas,  ^ — 2.  That  the  time  occupied  in  the  impact  of  a  molecule,  etth 
against  another  molecule  or  against  the  sides  of  the  vessel,  be  infinite] 
smnll  in  comparison  with  the  interval  between  ntiy  two  impaeta,^'^.  Tlu 
the  influence  of  the  mokcnlar  forces  be  infinitely  smnlL     When  these  c 
dtlinnsii  are  not  completely  fulfilled,  the  gfts  pnrtakes  more  or  less  of  t 
nature  of  a  liquid,  and    exhibits  cet^ain  deviations  from  flay-Lossac 
Boyle's  laws.     Such  is,  indeed,  the  case  with  all  known  gsstcs;  to  a  ve) 
alight  extent  with  those  which  have  not  yet  been  reduced  into  the  liqui 
state;  but  to  a  greater  extent  with  vapors  and  condensable  gases^  especial] 
near  the  points  of  condensation. 

Let  UB  now  re i  urn  to  tlie  conslderafion  of  the  liquid  Btafe.  It  has  be« 
said  that  the  oiolecule  of  a  liquid,  when  it  leaves  those  with  which  it  is  ai 
Bociated,  nltitnritely  takes  up  a  similar  pof^ition  with  regard  to  other  mol 
cities.  This,  however,  docs  not  preclude  the  existence  of  considerable  ii 
regularities  in  the  actual  movements.  Now,  ai  the  surface  of  the  liquid, 
may  happen  that  a  particle,  by  a  peculinr  combination  of  I  he  rectiline 
rotatory,  and  vibratory  movements,  maybe  projected  from  the  neighboring 
molecules  with  such  force  as  to  throw  it  eompletely  out  of  their  spthere  of 
action  before  its  projectile  velocity  can  be  annihilated  by  the  attracli 
force  which  they  exert  upon  it.  The  molecule  will  ihen  be  driven  forwa 
into  the  space  above  the  ti^iuid,  as  if  it  belonged  to  a  gas.  and  th,at  8pac( 
if  originally  empty,  will  in  consequence  of  the  action  just  described,  beco 
more  and  more  filled  with  these  projected  mtdecules,  whitdi  will  eomp 
ihemffehesf  within  it  t'jrac/ly  like  a  gas,  impinging  and  exerting  pressu 
upon  the  aides  of  the  cjtvvlopv.     One  of  these  sidei&,  bovs^vct,  \ft  tt>imfe*i' 
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m  mrrfafie  of  the  Uqiiid,  and  when  a  molecule  imptDgea  upon  thtfi  surfiice, 
wiil,  in  geaeraU  not  be  driven  buck,  but  retained  by  Ihe  uHrHctive  forced 
the  otli«r  molecules.     A  9t»t€  of  equilibrium,  doi  atsific,  but  djmiuiic, 
n  therefore  be  attained,  when  the  number  of  luoleeuleis  pnijeeied  iti  m 
lime  into  the  spuce  above,  is  equal  to  the  number  which  in  the  same 
piikg^  upon  and  are  retained  by  the  surfuoe  of  the  liquid.     Thig  is 
^eaa  of  raporiiation.     The  density  of  the  vupor  reqitired  la  inauro 
ipentation  just  mentioned,  depends  upon  the  rate  at  which  the  par- 
%rt  projected  from  the  eurfiicc  of  the  liquid^  and  this  aj^iuu  upon  tho 
ity  of  their  movement  within  the  liquid,  ikiit  in  to  Hay,  upon  the  tem* 
Te.     U  ia  clear,  therefore,  that  the  donaity  ol  a  saturated  vapor  mii»L 
with  the  temperatare. 
If  Ihe  iipace  abore  ibe  liquid  is  previouMly  Ailed  with  a  jb^ub,  the  molecules 
thia  gaa  will  irapiuge  upon  the  surfaeo  of  the  liquid,  and  thereby  exert 
Ji^ure  upon  it;  but  as  iheae  ga*«-moleoulef?  ooeupy  but  an  extremely  wroull 
portion  of  ilie  i^paee  above  the  liquid^  the  pciriicles  of  the  liquid  wUl  bo 
ojccte*!  into  tbiii  45pa''e  almost  ns  if  it  were  empty.     In  tlie  middle  of  the 
jitiJ,  ho\vever,  the  external  pressure  nf  the  gas  acln  in  a  different  manner, 
hvre  aUo  it  may  happen  that  the  muleculeM  iiiuy  be  aepiirateil  with  i^ueh 
roe   as  to  produce  a  small  vacuum   in  the  midnt  of  the  liquid.     But  Ibis 
e  ia  surrounded  on  all  sides  by  may^tes  which   afforfl  nu  passage  to  llie 
tnrhed  molecules;  and  in  order  that  tbey  may  increase  to  a  permanent 
»por-bubblc,  the  number  of  molcculea  projected  from  ibc  inner  surface  of 
lel  mu^t  be  »ucb  as  to  produce  a  pressure  outwards  equal  to  the  ei- 
pressure  tending  to  compretti*  the  vapor-lnibble.     The  boiling  of  the 
will,  therefore,  be  higher  aa  the  external  pressure  is  greater. 
Aecordinj^  to  this  view  of  the  process  of  vaporization,  it  ia  possible  thai 
por  may  rise  from  a  solid  as  well  aa  from   a  liquid ;  but  it  by  no  means 
tfssarily  follows  that  vapor  must  be  for  toed  from  all  bodies  at  all  tempera* 
m.      The  force  which  holds  together   tlie   rnolecuUfS  of  a  hmiy  may  be 
great  to  bo  overcome  by  any  combiuatioii  of  mcdecular  movementSi  so 
g  Aft  the  temperature  does  not  exceed  a  certuin  lituit. 
The  pruducfion  and  cotisumption  of  heat  which  accompany  chiinjees  in  the 
le  of  aggregation,  or  of  the  volume   of  bodies,   arc  easily  explained,  ac- 
lin(j  to  (he  preceding  principles,  by  taking  account  of  the  tvork  done  by 
|1  torcejj.     This  work  is  partly  ezirrnal  to  the  body^  partly  inUmaL 

I    {  hrst  the  infernal  workr 
When  *he  molecules  of  a  bo^ly  change  their  relaiive  positions,  the  change 
my  ti»k<*  place  cither  in  accordance  with   or   in  opfjtostition  to  the  action  of 
ill  liar  forces  existing  within   the   body.     In  the  foriuer  cai*e,  the 

luring  the  passage  from  one  state  to  the  other,  have  a  certain 
Mt  litiparted  to  them,  which  \a  immediately  converted  into  beat ;  in  the 
case,  the  velocity  of  their  movement,  ami  coiiHequently  I  lie  tempera-  ! 
'  Ihe  body,  is  diminished.  In  the  pasi^age  from  the  solid  to  the  lit|uid 
1*%  the  molceiiles„  although  not  removed  from  the  spheres  of  their  mutual 
ractiouM,  nevertheless  change  their  rehitive  po^4ition^i  in  oppositiou  to  the 
>lccalar  forces,  which  forces  have,  therefore,  to  be  overcome.  In  cvapo- 
ion,  a  certain  number  of  the  molecules  arc  completely  separated  from  the 
4er,  which  again  implies  the  overcoming  of  oppohiiig  forces.  In 
Hrts,  therefore,  work  is  done,  and  a  certain  portion  of  the  working 
if  the  molecule*!,  that  is*  of  the  heat  of  the  body,  is  lost.  Hut  when 
e  perfect  gfi"*iMiu>  stale  is  attained,  the  molecular  forces  are  com- 
overeumc,  and  uny  further  expansion  tnny  take  place  wiihoiit  inter- 
work,  aud^  I  here  fore,  without  losa  of  heat,  provided  there  is  no  external 
tfijitance. 

in  Of^stlr  aff  okscg  nf  change  of  Mtatc  or  volume,  there  la  a  <sct1iv\w 
so/  of  e^/erjjuJ  msidUiBce  to  be  ovorcome,  and  a  coi'VCsp<*tidm|^  \oaa  ol 
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Ik'.'H.  Wlicn  flic  jtrcsMire  of  a  ga-^.  tli.-it  is  to  <ay.  the  innp.ict  of  ir>  af.>rn=. 
is  exert 'mI  against  a  iiioval)le  obstacle,  tsiich  as  a  piston,  the  molecules  lose 
just  HO  inucli  of  their  moving  power  as  they  have  imparted  to  the  piston, 
and,  consequently,  their  Telocity  is  diminished  and  the  temperature  lowered. 
On  the  contrary,  when  a  gas  is  compressed  by  the  motion  of  a  piston,  its 
molecules  are  driyen  back  with  greater  Telocity  than  that  with  wniek  they 
impinged  on  the  piston,  and,  consequently,  the  temperature  of  the  gas  is 
raised. 

When  a  liquid  is  converted  into  Tapor,  the  moleenles  haTe  to  orereome 
the  atmospheric  pressure  or  other  external  resistance,  and,  in  consequence 
of  this,  together  with  the  internal  work  already  spoken  of;  a  large  quantity 
of  heat  dinappears,  or  is  rendered  latent,  the  quantity  thus  consumed  beings 
to  a  considerable  extent,  affected  by  the  external  pressure.  The  liquelho- 
tion  of  a  solid  not  being  attended  with  much  increase  of  volume,  invotrei 
but  little  external  work;  nevertheless  the  atmospheric  pressure  does  is* 
fluenco,  to  a  slight  amount,  both  the  latent  heat  of  ftision  and  the  meUiif* 
point. 
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TWO  riews  hmre  been  cntcrtnincd  reaped ing  th©  nature  of  light.     Sir 
l-'iMi'  Novtun  imagineil  thiit  hiiuinous  bodies  eiuit^  or  sLoot  out,  infi- 
m;  '  particles*  iti  atvaighl  lines,  which,  by  penelmting  tho  truit><{jtiretit 

fu  ■    vye  and  fulling  tiptm  Iho  nervous  ti»9u«»  produce  vision*     Otiier 

pliilu9o{riierd  drew  ti  parallel  between  the  properties  of  light  lu^l  those  i»f 
sound,  and  considered  thut,  tis  sound  is  certainly  Ihe  cflrect  of  undululions, 
ur  lilile  waves,  propagated  through  ehi.i^tic  bodies  in  all  dircctioriM^  so  light 
aigbt  bo  nothing  more  than  the  eoiiHequenoe  of  similar  unduhitlonij  trtina- 
tnitted  with  incoQceivablo  velucity  through  a  highly  elastic  mediunu  of  ex- 
ee>ij»ive  tenuity,  filliug  ftll  epace,  and  occupying  iho  intervals  hetwci'n  the 
particles  of  nu&terial  substances.  To  thin  medtnin  they  f^fi.\'i^  the  nauue  of 
Hh^r,  The  wave  hypothesis  of  light  is  at  present  generally  adopted.  It  19 
ill  kArmony  with  all  the  known  phenomena  diseovcred  since  the  time  of 
Newton,  not  a  few  of  which  were  first  dedueeil  from  the  undulntory  theory, 
«&d  ttftcrMran's  verified  by  experiment.  Scvcml  wtdl-koowii  facts  are  in 
dirnct  opjiOMition  to  the  theory  of  emission* 

A  ray  of  light  emit  led  from  a  luminous  body  proceeds  tn  ft  atrnigbt  line, 
tfid  with  extrenie  velocity.  Certain  astronomical  observations  afford  the 
tneanj!  of  approximating  to  a  knowledge  of  this  Telocity.  The  ttaieiUtee^  of 
Jupiter  revolve  about  the  planet  in  the  same  manner  as  the  moon  about  the 
fmrth,  and  the  time  required  by  each  satellite  for  the  purpofic  is  exactly 
known  from  its  periodical  cutry  into  or  exit  from  the  shadow  of  the  planet. 
The  time  required  by  one  is  only  42  hours*  Homer,  the  HMrooomer  of 
Copcnhiiir»^n,  found  that  thia  period  appeared  to  be  longer  when  the  earth, 
1!  i/e  round  the  sun,  moved   from   the   ploiiet  Jupiter;  and,  on   the 

*  '  observed  thrtt  the  periodic  time  appeared  to  bi*  shorter  when 

iL.  ...,.,  -iioved  in  the  direction  towarda  Jupiter.  The  differeiiec,  though 
very  »ui;ill  for  a  iiingle  revolution  of  the  satellite,  increases,  by  the  addition 
of  miny  rendutions,  during  the  pai^sage  of  the  earth  from  its  nearci»t  to 
its  greniest  distance  from  Jupiter,  thut  is,  in  about  half  a  year,  till  it. 
amounts  to  16  minutes  and  lU  seconds.  Romer  concluded  from  this,  thut 
the  (t]|^ht  of  the  sua,  reflected  from  the  satellite,  reqnired  that  time  to 
p*M  through  a  distance  equal  to  the  diameter  of  the  orbit  of  the  earth; 
ttr  '  *     fhis  place  is  little  short  of  'itMl  niillinns  of  miles,  the  vidocity  of 

li  1  be  lesr*  than  2rH\(KM)  miles  in  a  second  of  time.      It  ivill  be  seen 

h  .  ^..^  ,  -lull  this  rapidity  of  irunsmission  is  riviilled  hy  that  of  electricity. 
Another  astronomical  phenomenon,  observed  and  correctly  csphiined  by 
Brmlley,  the  aberration  of  the  fixed  stars,  lead?*  to  the  same  resnlt»  Phy- 
tieifit9  have,  moreover,  succeeded  in  measuring  the  velocity  of  light  for 
terrestrial,  and,  indeed,  comparatively  small  distances;  the  results  of 
ihf4te  experiraent*  e&sentially  correspond  with  those  given  by  astronomical 
observations. 

When  a  ray  of  light  falls  upon  a  boundary  between  two  media,  a  part  of 
it,  and,  in  exceptional  cases,  the  whole,  is  reflected  into  the  first  medium, 
whibt  the  olher  part  peneirafcfi  the  aocoai]  jnerjjiim. 

The  Is *r  of  re^i//^rrf»ff (fcf ton  Is  extrvtnety  mmp]Q,  If  a  line  "be  dtavfu 
f^rp^utJieuUr  to  the  surfa^B  upon  which  the  ruy  fiiHs,  and  iU©  anaVc  coiv- 
€^«/  Ae^^iriNMi  ^ire  r*/  anc/  the  parpendhtiUr  meAffured,  it  will  bn  Cound 
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that  the  raj,  after  reflection,  takes  such  a  eoorw  as  to  make  vitk  the  per- 
pendicular an  equal  angle  on  the  oppodte  side  of  the  latter.     A  raj  of  light, 

m,  falling  at  the  point  p.  vill  be  reflected 
in  the  direction  pK^  making  the  angle 
k'pp'  equal  to  the  angle  bpp':  and  a  raj 
from  the  point  r  falling  upon  the  same  spot 
vill  be  reflected  to  K  in  Tirtue  of  Che  same 
law.  Further,  it  is  to  be  obcerrcd  that  the 
incident  and  reflected  rajs  are  alwajs  con- 
tained in  the  same  normal  plane. 

The  same  role  holds  good  if  the  mirror 

be  curred,  as  a  portion  of  a  sphere,  the 

curre  being  considered  as  made  up  of  a 

multitude  of  little  planes.     ParaUet  rajs 

cease  to  be  so  when  reflected  from  curred  surfMcs.  becoming  dirergent  or 

conyergent  according  as  the  reflecting  surface  is  conrex  or  coocaTe. 

Bodies  with  rough  and  uneven  surfaces,  the  smallest  parts  of  which  are 
inclined  towards  each  other  without  order,  reflect  the  light  difl'itwi.  The 
perception  of  bodies  depends  upon  the  diffused  reflected  light. 

It  has  just  been  stated  that  light  passes  im 
straight  lines :  but  this  is  true  onlj  so  long  as 
the  medium  through  which  it  traxels  pre-> 
serres  the  same  densit  j  and  the  same  chemi- 
cal nature:  when  this  ceases  to  be  the  case, 
the  raj  of  light  is  bent  from  its  course  into  a 
new  one.  or  is  said  to  be  rtfrmeied. 

Let  K  be  a  raj  of  light  falling  upon  a  plate 
of  some  transparent  substance  with  parallel 
sides,  such  as  a  piece  of  thick  plate  i^asa,  — 
in  short,  anj  transparent  homogeneous  ma- 
terial which  is  either  noa-crjstalUne,  or  citb- 
taUiies  in  the  regular  sjstem :  and  let  a  be 
its  point  of  contact  with  the  upper  surface. 
The  raj.  instead  of  hoMing  a  straight  course 
and  passing  into  the  glass  in  the  direction  Jk  a.  will  be  bent  downwards  to 
c :  and.  on  learing  the  glass,  and  issuing  into  the  air  on  the  other  side,  it 
will  again  be  bent,  but  in  the  opposite  itirection.  so  as  to  make  it  paraUel 
to  the  continuation  of  its  former  track,  provided  there  be  one  and  the  same 
medium  on  the  upper  and  lower  side  of  the  plate.  The  genial  law  is  thus 
expre^ts^cd: — When  the  raj  passes  frx^n  a  rare  to  a  denser  medium,  it  is 
usuallj  refracted  tov^ni*  a  line  perpendicular  to  the  surface  of  the  latter; 
and  cwnverselv.  when  it  leaves  a  denote  medium  for  a  rarer  one,  it  is  re- 
fracted from  A  line  perpendicular  to  the  surface  of  the  denser  substance ;  in 
the  former  ca^e  the  angle  of  incidence  if  greater  than  that  of  refraction;  in 
the  latter  it  is  less.  In  both  ca5es  the  direction  of  the  refracted  raj  is  in 
the  plane  a  a  s.  which  is  formed  bj  the  falling  raj  and  the  perpendicular 
»  A  drawn  from  the  5pot  where  the  raj  i5  refracted :  the  angle  n  a  s  =  B  a  s^ 
i<  called  the  angle  of  incidence.  The  angle  c  a  s'  is  called  the  angle  of  re- 
fnci'ton.  The  difference  of  these  two  angle^^  that  is.  the  angle  c  a  b,  is  the 
rtrfmciion. 

TLe  auioant  of  refraction,  for  the  same  n;^l:ur:,  varies  wiih  the  obliqtiitj 

with  mhioU  the  raj  strikes  the  surface.     When  p<frf<ndicular  to  the  latter, 

the  nkj  pa^ti««  without  change  of  direction  at  all;  and  in  other  poaitiona» 

the  refraction  increases  «ith  the  obliquitj. 

Zc>/  M  reprfM^Dt  a  nr  of  light  falling  upon  the  surface  of  a  mass  of  plate 

^aEas^-  si  the  point  a.    'Frwm  this  point  let  a  per(«Bfddic^i3btt  taSV  anA  \*  tnar 

MiatteJ  into  ihe  new  medium ;  Mti  tii^^&Bd  ihie  eeaae  yna^  aft  %  t«nKx««>l*. 
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lrlrtd«  be  ilrmrn.  According  to  iKci  law  just  atnted,  the  refraction  must 
ItQWftrtJd  tiic  perpend iouUr;  in  lliti  dlrt'ctioQ  ae^,  for  example.  Let  the 
,eg  0 — (£,  a^ — a^.  At  right  uriglco  tu  iiic  per- 
ftdloul&r.  b«  drawti«  and  their  leugtii  com- 
[  hy  mcatu  of  a  scale  of  equal  purts^  and 
il^d ;  llieir  length  will  in  the  caae  supposed 
)  JA  the  proportion  of  3  to  2.  These  liaes 
r#|ri»cd  the  4{/i««  of  the  anglea  of  i&cideuce 
Vwmir^ciion  respectively. 
I^ow  lei  iinother  ray  be  taken,  such  as  r; 
>  ia  refmcted  m  the  same  manner  to  r^»  the 
utdiog  being  greater  from  the  increased 
kliquiiy  of  the  ray;  but  what  is  very  re- 
if  I  ho  sine^  of  the  two  new  angles 
$t  i,^    and    refraction  be  again  com- 

../  will  Htill  be  found  to  bear  to  each 
lier  the    proportion  of  3  to  2.     The  fact  in 

pre«^seil  by  raying,  that  so  long  aa  the  )ight  passes  from  one  lo  Ihe  other 
Tlhe  itanid  two  media,  the  ratio  of  the  linea  of  (he  angles  of  inndence  and  re- 

ir/ton  M  eonsiani.  This  ratio  is  called  the  wirfrx  of  rffraftion. 
[  DitTercnt  bodies  poi*»ejs^  different  refnictive  powers;  generally  speaking, 
I  deuiie^t  substances  refract  iwa-AX,  (Vimbiistible  bodies  luive  been  noticed 
--  ;*er  refractive  power  than  their  dyn3*ity  would  imlicale.  and 
iitioii  Sir  1.  Newton  predicred  the  combiiHiible  nature  of  the 
Hit  ;  .  .^  .Jure  anything  was  known  res|iecting  it^  cheniital  luitiire. 
Til*?  method  adopted  for  deacrihing  the  cumparative  refractive  power  of 
" fferent  bodici,  is  to  state  the  ratio  home  by  the  «ine  of  the  angle  of  inci- 
tnce  in  the  tir«t  medium,  and  on  the  boundary  of  the  second,  tu  the  »\n& 
f  the  angle  of  refraction  in  this  second  medium;  this  is  called  the  imhi  of 
fractinn  *>f  the  two  substances;  it  is  greater  or  less  than  unity,  urccirding 
I  the  second  medium  i«  denser  or  rarer  than  the  first.  In  the  case  of  air 
ato  glass  the  index  of  refraction  is  Isj. 

the  index  of  refraction  <d"  any  particular  siihstance  is  once  known, 
fcct  ^^t  the  latter  upon  a  ray  of  light  entering  it  in  Jiuy  f)Ositiou  can  be 
ulated  by  the  law  of  sines.     The  following  table  exhibits  the  indices  of 
fraction  of  several  substances,  supposing  the  ray  to  pass  Into  them  from 
!  sir:  — 


I  f •Wslt«or  * 
hoB  .  .  . 
'^  Water.     ♦ 


lodvx  of  rcfiraclton. 
.     .     MO 
.     .     .   1*30 


Fluor  ipor 1*40 

.PUlP  glass  ....  1-50 
'  R«cl(-eryatal  ....  l-tX) 
[Chrysolile  ....  lt;f) 
'  Bisulphide  of  carbon    .  1'70 


SalMtAncctt.  Index  of  r^inrvctlioa. 

Garnet  ......     INJ 

Glass,  with  much  oxide 

of  lead 1  00 

7/ircon    ......     2  m 

rhowpborua .....  2*20 

Dinmoud 2-60 

f?bromate  of  lead  .     ,     .  3<H) 
Cinnabar    ,     .     »     .     *     3*20 


When  a  Inminons  ray  enters  a  mass  of  substance  ^'9-  ^* 

ftffrnnt:  'I'l  refractive  power  from  the  air,  anii  whofo 

t  IT  not  parallel,  it  becomes  permanenily 

rum  itH  conrse  and  nltcrcd  in  its  direction. 

\  11  up»  -n  1  his  principle  that  the  properties  of  prisms 

1  lilises  depend.  Totuke  an  exumple.  —  Fig.  *>o 

pni«  a  triangidur  prism  of  ght.^fs,  upon  the 

ci  whhb  ihe  r^r  of  light  m  mny   be  supposed   to  fall. 

^A  Mfffccowf  d*?p€mft  In  tbcjotDiB  of  the  lj«intK>o. 
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of  course  b«  refracted,  on  entering  the  glass,  towards  a  line  perpendieolar 
to  the  first  surface,  and  again,  from  a  line  perpendicular  to  the  second  sur- 
face on  emerging  into  the  air.  The  result  is  the  deflect  on  a  en,  which  is 
equal  to  the  sum  of  the  two  deflections  which  the  ray  undergoes  in  passing 
through  the  prism. 

A  convex  lens  is  thus  enabled  to  conyerge  rays  of  light  falling  upon  it,  and 
a  concave  lense  to  separate  them  more  widely ;  each  separate  part  of  the 
surface  of  the  lens  producing  its  own  independent  effect. 

The  light  of  the  sun  and  celestial  bodies  in  general,  as  well  as  that  of  the 
electric  8park  and  of  all  ordinary  flames,  is  of  a  compound  nature.  If  a  ray 
of  light  from  any  of  the  sources  mentioned  be  admitted  into  a  dark  room  by 
a  small  hole  in  a  shutter,  or  otherwise,  and  suffered  to  fall  upon  a  glass 
prism  in  the  manner  shown  in  fig.  5(>,  it  will  not  only  be  refracted  from  its 
Htraight  course,  but  will  be  decomposed  into  a  number  of  colored  rays, 
which  may  be  received  upon  a  white  screen  placed  behind  the  prism.  When 
solar  light  is  employed,  the  colors  are  extremely  brilliant,  and  spread  into 


an  oblong  space  of  considerable  length.  The  upper  part  of  this  image,  or 
spectrum^  will  be  violet  and  the  lower  red,  the  intermediate  portion,  com- 
mencing from  the  violet,  being  indigo,  blue,  green,  yellow,  and  orange,  all 
graduating  imperceptibly  into  each  other.  This  is  the  celebrated  experi- 
ment of  Sir  Isaac  Newton ;  from  it  he  drew  the  inference  that  white  light 
iH  coniposed  of  seven  primitive  colors,  the  rays  of  which  are  differently  re- 
frangible by  the  same  medium,  and  hence  capable  of  being  thus  separated. 
The  violet  rays  are  most  refrangible,  and  the  red  rays  least.* 

Bodies  of  the  same  mean  refractive  power  do  not  always  equally  disperse 
or  spread  out  the  differently  colored  rays  to  the  same  extent;  because  the 
principal  yellow  or  red  rays,  for  instance,  are  equally  refracted  by  two 
prisms  of  different  materials,  it  does  not  follow  that  the  blue  or  the  violet 
will  be  similarly  affected.  Hence,  prisms  of  different  varieties  of  glass,  or 
other  transparent  substances,  give,  under  similar  circumstances,  very  dif- 
ferent spectra,  both  as  respects  the  length  of  the  image,  and  the  relative 
extent  of  the  colored  bauds. 

The  appearance  of  the  spectrum  may  also  vary  with  the  nature  of  the 
source  of  light :  the  investigation  of  these  differences,  however,  involves 
the  use  of  a  more  delicate  apparatus.  Fig.  57  shows  the  principle  of  such 
an  apparatus,  which  is  called  a  spectroscope.  The  light,  passing  through  a 
fine  slit,  8t  impinges  upon  a  flint-glass  prism,  />,  by  which  it  is  dispersed. 
The  decomposed  light  emerges  from  the  prism  in  several  directions  between 
r  (red  rays)  and  v  (violet  rays) ;  and  the  spectrum  thus  produced  is  observed 

*  The  colorn  of  natural  objects  are  rapposed  to  result  fW>ni  the  power  ponsewed  by  their 
surfaces  of  altforbinR  some  of  tho  colored  rays,  while  they  reflect  or  transmit,  as  the  case  may 
be,  the  rt'inaiiHter  of  the  rays.  Thus  an  object  appeiirs  red  because  it  alieorba  or  canses  to 
disappear  tlie  yt-llow  and  blue  rays  compoeing  the  white  light  by  which  it  b  illvuinated. 
Any  color  wliich  remains  after  the*  deduction  of  another  color  flpom  white  light,  ia  said  to  be 
complemrntarif  to  thti  latter.  Complementary  colors,  when  acting  sininltaneously,  reproduc* 
white  light.  Thus  in  the  example  already  quoted,  red  and  green  —  the  latter  reanltiiig  from 
j^eiiow  Httd  hlue — are  compleatHntaiy  colors.    Tho  tact  of  coinY«\eiR«ii\»rj  oA«cm  |^<«iB^Tlsa 

to  white  l/gbt  may  be  rcMtUly  i/Iustrated  by  mixing  In  aBpTopriaU  <VD«at\t\«»  a^t *  -^^ 

ttoo  ofcolMUt  MDd  green  toiuUim  oT  nickel ;  the  remlUnc  UiiQid  U  immcVi  qoVxVm 
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bj  the  telfiseope  i;  wUeh  reeeiTM  only  part  of  it  at  onoe;  but  the  seyeral 
paru  may  be  readily  esuuniiied  by  taming  slightly  either  the  prism,  p^  or 
tke  teleaoopey  U 


If  the  solar  spectrum  be  examined  in  this  manner,  numerous  dark  lines 
parallel  with  the  edge  of  the  prism  are  obseryed.  They  were  discoTered 
in  1802  by  Dr.  Wollaston,  and  subsequently  more  minutely  investigated  by 
Fraunhofer.  They  are  generally  known  as  Fraunhofer's  lines.  These  dark 
lines,  which  exist  in  great  numbers,  and  of  yery  yarying  strength,  are  ir- 
regularly distributed  oyer  the  whole  spectrum.  Some  of  them,  in  con- 
sequence of  their  peculiar  strength  and  their  mutual  position,  may  always 
be  easily  recognized ;  the  more  conspicuous  are  represented  in  fig.  58.  The 
same  dark  lines,  though  paler,  and  much  more  difficult  to  recognise,  are 


BaiLOnuige.  Tellow.  Oreen.    Bine. 


Indigo.    Violet 


Sua 

Na 

K 

Li 


A 

B 

0 

D 

B 

F 

Q 

U 

1 

1 

Dark 
lines. 


Bright 
lines. 


D) 


obeerred  in  the  spectrum  of  planets  lighted  by  the  sun ;  for  instance,  in    * 
the  light  emanating  from  Venus.     On  the  other  hand,  the  dark  lines  ob- 
senred  in  the  spectra,  which  are  produced  by  the  light  emanating  from  fixed 
stars  —  from  Sirius,  for  instance — differ  in  position  from  those  preyiously 
mentioned. 

Sourees  of  light  which  contain  no  yolatile  constituents — incandescent 
platinum  wire,  for  example — furnish  continuous  spectra,  exhibiting  no  such 
lines.  But  if  yolatile  substances  be  present  in  the  source  of  light,  bright 
lines  are  obseryed  in  the  spectrum,  which  are  frequently  characteristic  of 
the  yolatile  substances. 

Professor  Plttcker,  of  Bonn,  has  inyestigated  the  spectra  which  are  pro- 
dneed  hy  the  electric  light  when  developed  in  yery  rarefied  gaaes.    He 
r  ihe  bright  lines  snd  the  dark  stripea  between  the  lines  yarying  con- 
*'-  with  different  gmaea.     When  the  electric  Hght  was  developed  in  «^ 
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mixture  of  two  gases,  the  spectrum  thus  obtained  exhibited  nmultaneonsly 
the  peculiar  spectra  belonging  to  the  two  gases  of  which  the  mixture  con- 
sisted. When  the  experiment  was  made  in  gaseous  compounds  capable  of 
being  decomposed  by  the  electrical  current,  this  decomposition  was  indicated 
by  the  spectra  of  the  separated  constituents  becoming  perceptible. 

Many  years  ago  the  spectra  of  colored  flames  were  examined  by  Sir  John 
Herschel,  Fox  Talbot,  and  W.  A.  Miller.  Within  the  last  few  years  results 
of  the  greatest  importance  have  been  obtained  by  Kirchhoff  and  Bunsen, 

Fig.  69. 


who  haTe  investigated  the  spectra  furnished  by  the  incandescence  of  Tolft- 
tile  substances:  these  researches  have  enriched  chemistry  with  a  new 
method  of  analysis, — the  analysis  by  spectrum  obserrations.  In  order  to 
recognize  one  of  the  metals  of  the  alkalies  or  of  the  alkaline  earths,  it  is 
generally  sufficient  to  introduce  a  minute  quantity  of  a  moderately  Tolatile 
compound  of  the  metal  on  the  loop  of  a  platinum  wire  into  the  edge  of  the 
very  hot,  but  scarcely  luminous  flame,  of  a  mixture  of  air  and  coal-gas,  and 
to  examine  the  spectrum  which  is  furnished  by  the  flame  containing  the 
vapor  of  the  metal  or  its  compound.  Fig.  59  exhibits  the  apparatus  which 
is  used  in  performing  experiments  of  this  description.  The  light  of  the 
flame  in  which  the  metallic  compound  is  evaporated  passes  through  the  fine 
slit  in  the  disc,  «,  into  a  tube,  the  opposite  end  of  which  is  provided  with  a 
convex  lens.  This  lens  collects  the  rays  diverging  from  the  slit,  and  throws 
them  parallel  upon  the  prism,  p.  The  light  is  decomposed  by  the  prism, 
and  the  spectrum  thus  obtained  is  observed  by  means  of  the  telescope,  which 
may  be  turned  round  the  axis  of  the  stand  carrying  the  prism.  Foreign 
light  is  excluded  by  an  appropriate  covering. 

The  limits  of  this  elementary  treatise  do  not  permit  us  to  describe  the 
ingenious  arrangements  which  have  been  contrived  for  sending  the  light 
from  diff'erent  sources  through  the  same  prism  at  diflTerent  heights,  whereby 
their  spectra,  the  solar  spectrum,  for  instance,  and  that  of  a  flame,  may  be 
placed  in  a  parallel  position,  the  one  above  the  other,  and  thus  be  compared.* 
The  spectra  of  flames  in  which  different  substances  are  volatilised  frequently 
exhibit  such  characteristically  distinct  phenomena,  that  they  may  be  used 
with  the  greatest  advantage  fctr  the  discrimination  of  these  substances.  Thus 
lAe  spectrum  of  a.  fame  containing  sodium  (Na)  exhibits  a  bright  line  on 
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tht  jtWtw  portion,  th©  epectrum  of  polassium  (K)  a  chfl meter if*tie  bright 
lint  ftt  lb©  4*xtTCiDC  limit  ot  the  red,  and  ttuoiiivr  at  the  oppositi;  riulel  limit 
of  the  apectmin.  Lithium  {Li)  .^ihows  n  bright  brilliant  line  iti  the  red,  and 
tptUcr  line  in  the  yellow  poriioti;  atrotitiuni  {^r)  u  bright  line  iti  the  blue, 
one  in  iho  orange,  and  aix  less  distinct  ones  in  the  red  portion  of  the  epco- 
irooi.  The  diagram  |^g.  08)  exhibits  the  mut^t  ri'Uicu'kublc  of  the  durk 
HDea  (Fraunhofers  linen),  and  the  positinii  of  the  bright  linea  in  I  he 
fpectra  of  liamea  containing  the  vapora  of  compotinda  of  iiie  eeyeral  meluk 
to  time  rated. 

The  delicacy  of  these  ffpectral  reactions  is  very  considerable,  but  une^^jual 
in  the  cjyue  of  different  metalfl.  The  presenco  of  jipf,^^(y,oTJ{j  grwin  of  tuodium 
ia  the  flame  ia  still  easily  recognizHhle  by  the  bright  yellow  line  in  the 
fpectrtim.  Lithium,  when  introduced  in  the  form  of  a  volatile  €oui|jound, 
;m*.Hr»s  to  the  flame  a  red  color;  but  thia  coloration  is  no  longer  perceptible 
A  YoUtile  fuxlium  compound  ia  eimullaneously  pre^ient,  the  yellow 
1  it  ion  of  the  flame  predominating  under  Kueh  cireuuiHtances.  Uu  the 
Qihcr  hand,  when  a  miicture  of  one  part  of  litbium  and  lOtjO  parliH  of 
f»><1ium  is  volatilized  in  a  flame,  the  spectrum  of  the  flame  exhibits,  together 
with  the  bright  yellow  sodium  line,  likewise  the  red  line  charaeterislie  of 
hthium.  The  observation  of  bright  linos  not  belongitig  to  nny  of  the  pre- 
viously known  bodies  has  led  to  the  discovery  of  new  elements.  Thus, 
Bnnscn  and  KirchhofT.  when  examining  the  spectrum  of  a  tlame  in  wliieh  a 
mixl^ire  of  alkaline  salt  was  evaporated,  observed  some  bright  lines,  which 
could  not  be  attributed  to  any  of  the  known  elements,  ami  were  (hu8  led  to 
the  diacoTery  of  the  two  new  metals,  cmsium  and  rubidium.  By  the  niimc 
Biethod  a  new  element,  thallium,  haa  been  more  recently  discovered  by  Mr. 
Criook«!l. 

For  the  examination  of  the  bright  lines  in  the  spectra  of  metals,  the 
electric  spark,  pasifing  between  two  poiuls  of  the  mcial  under  examination, 
maybe  conveniently  employed  as  a  source  of  light.  Small  ciuntililies  of 
(he  metal  are  invariably  volatiliierl ;  and  the  i^pectrum  develnped  b^'  the 
f]t<'fr\r  lia'ht  exhibits  the  bright  lines  charaeteriytic  of  the  metal  employed. 
7  were  observed  by  Whenimtone  as  eai-ly  us  l8iJ5.     Thit<  method  of 

V  n  is  more  especially  applicable  to  the  examination  of  the  spectra 

of  (he  heavy  metals. 

By  a  sertefi  of  theoretical  conaiderationft,  Profcsaor  Kirchhoff  has  arrived 
il  Ihf^  '         II  that  the  spectrum  of  an  incandescent  gaa  i»  reversed  —  1,  c, 

that  IV  ities  become  dark  linc»,  if  there  be  behind  thi'  incandescent 

...i..>aous  Mource  of  light,  which  by  itself  furnii-dies  a  continuous 
imm<     KirchhofT  and  Bunsen   have  fully  confirmed  ihis  conclusion  by 
ertment.     Thus  a  volatile  lithium  salt  produces,  as  just  pointed  out,  a 
distinct  bright  line  in  the  red  portion  of  the  spectrum;  but  if  bright 
or  the  tight  emitted  by  a  solid  boily  heated  to  the   most   powerful 
eandcMcencG,  be  allowed  to  fall  through   the  flame   upon  the  prittm.  the 
eclntm  exhibit*,  in  the  pliice  of  this  bright  line,  a  black  line  similar  in 
try  respect  to  Fraunhofer'si  line?  in  the  solar  spectrum.     In  like  manner 
I  bright  !<lron!imn  line  Is  rcvcrseii  into  n  dark  line.     Kirchhoff  and  Bunsen 
r^.r-.-,^^..,i  iiie  opinion  that  all  the  Fraunhofer  lines  in  the  sohir  jtpec- 
lines  thus  reversed.     In  their  conception,  the  sun  is  sur- 
!  liinousatmosphere,  containing  a  cerlaiti  number  of  volaliliied 

ce»,  which  would  give  rise  in  the  spectrum  to  certain  bright  linea, 
light  of  the  »nlnr  atmosphere  alone  could  reach  the  prii^m;  but  the 
light  of  the  powerful  incandescent  body  of  the  sun  which  passes 
;b  the  solar  atmosphere,  caujjcH  these  bright  lines  to  be  reversed,  and 
ir  n**  dark  }}n*»^f  ott  the  artlinary  solar  sped  rum.  Rircbboff  and 
\  ItMtt*  thu^  been  enahlvd  to  iittfympt  the  investigation  of  ibe  cbenViciV 
karjif  of  the  3oUr  arjna^plicre,  by  ascertaining  the  elemenU  yiV\c\i» 
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when  in  the  state  of  incandescent  Tapor,  develop  bright  spectral  lines,  co- 
inciding with  Fraunhofer*B  lines  in  the  solar  spectrum.  Fraunhofer's  line 
D  (tig.  58)  coincides  most  accurately  with  the  bright  spectral  line  of  sodium, 
and  may  be  artificially  produced  by  rcTcrsing  the  latter ;  sodium  would  thus 
appear  to  be  a  constituent  of  the  solar  atmosphere.  Kirchhoflf  has  proved, 
moreover,  that  sixty  bright  lines  perceptible  in  the  spectrum  of  iron  cor- 
respond, both  as  to  position  and  distinction,  most  exactly  with  the  same 
number  of  dark  lines  in  the  solar  spectrum ;  and,  accordingly,  he  believes 
iron,  in  the  state  of  vapor,  to  be  present  in  the  solar  atmosphere.  In  a 
similar  manner  this  physicist  has  endeavored  to  establish  the  presence  of 
several  other  elements  in  the  solar  atmosphere. 

Absorption  Spectra.  —  The  relative  quantities  of  the  several  colored  rays 
absorbed  by  a  colored  medium  of  given  thickness  may  be  observed  by  view- 
ing a  line  of  light  through  a  prism  and  the  colored  medium;  the  spectrum 
will  then  be  seen  to  be  diminished  in  brightness  in  some  parts,  and  perhaps 
cut  off  altogether  in  others.  This  mode  of  observation  is  often  of  great  use 
in  chemical  analysis,  as  many  colored  substances  when  thus  examined  afford 
very  characteristic  spectra,  the  peculiarities  of  which  may  often  be  dis- 
tinguished, even  though  the  solution  of  the  substance  under  examination 
contains  a  sufficient  amount  of  colored  impurities  to  change  its  color  very 
considerably.  The  following  method  of  making  the  observation  is  given  by 
Professor  Stokes.* 

A  small  prism  is  to  be  chosen  of  dense  flint  glass,  ground  to  an  angle  of 
60®,  and  just  large  enough  to  cover  the  eye  comfortably.  The  top  and 
bottom  should  be  flat,  for  convenience  of  holding  the  prism  between  the 
thumb  and  fore-finger,  and  laying  it  down  on  a  table,  so  as  not  to  scratch 
or  soil  the  faces.  A  fine  line  of  light  is  obtained  by  making  a  vertical  slit 
in  a  board  six  inches  square,  or  a  little  longer  in  a  horizontal  direction,  and 
adapting  to  the  aperture  two  pieces  of  thin  metal.  One  of  the  metal  pieces 
is  movable,  to  allow  of  altering  the  breadth  of  the  slit.  About  the  fiftieth 
of  an  inch  is  a  suitable  breadth  for  ordinary  purposes.  The  board  and 
metal  pieces  should  be  well  blackened. 

On  holding  the  board  at  arm's  length  against  the  sky  or  a  luminous  flame, 
the  slit  being,  we  will  suppose,  in  a  vertical  direction,  and  viewing  the  line 
of  light  thus  formed  through  the  prism  held  close  to  the  eye,  with  its  edge 
vertical,  a  pure  spectrum  is  obtained  at  a  proper  asimuth  of  the  prism. 
Turning  the  prism  round  its  axis  alters  the  focus,  and  the  proper  focus  is 
got  by  trial.  The  whole  of  the  spectrum  is  not,  indeed,  in  perfect  focus  at 
once,  so  that  in  scrutinizing  one  part  after  another  it  is  requisite  to  turn 
the  prism  a  little.  When  daylight  is  used,  the  spectrum  is  known  to  be 
pure  by  its  showing  the  principal  fixed  lines;  in  other  cases  the  focus  is  got 
by  the  condition  of  seeing  distinctly  the  other  objects,  whatever  they  may 
be,  which  are  presented  in  the  spectrum.  To  observe  the  absorption-spec- 
trum of  a  liquid,  an  elastic  band  is  put  round  the  board  near  the  top,  and  a 
test-tube  containing  the  liquid  is  slipped  under  the  band,  which  holds  it  in 
its  place  behind  the  slit.  The  spectrum  is  then  observed  just  as  before,  the 
test-tube  being  turned  from  the  eye. 

To  observe  the  whole  progress  of  the  absorption,  different  degrees  of 
strength  must  be  used  in  succession,  beginning  with  a  strength  which 
does  not  render  any  part  of  the  spectrum  absolutely  black,  unless  it  be  one 
or  more  very  narrow  bands,  as  otherwise  the  most  distinctive  features  of 
the  absorption  might  be  missed.  If  the  solution  be  contained  in  a  wedge- 
shaped  vessel  instead  of  a  test-tube,  the  progress  of  the  absorption  may  be 
watched  in  a  continuous  manner  by  sliding  the  vessel  before  the  eye.  Some 
observers  prefer  using  a  wedge-shaped  vessel  in  combination  with  the  slit, 
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b9  «lt(  Imng  perpendicular  lo  tUa  edgo  of  the  wodge.     In  tliia  can**  eacli 
ilcMueitt  of  the  slit  forms  aii  f»U*rrnMitiiry  wpcctruin  oorrcspondiiifr  \o  u  ihittk- 
|«^0f  the  9ohj(ion  which  incrtJAii<»s  in  a  cotitinimuM  inarmcjr  rrcmi  Ihe  ed^rc 
I  irrdffc^  where  it  viLiiishca.     This  ih  thu  mi>dc  of  obscrvuliori  iidupted 
i*lstone.* 

Fig.   (jO    represent*;   the   effect    produced   in   lhi«   way  by  a  solution  of 
brouiic   chloride,   and  tig,    61   llmi  produced  by  a  solution  nf  poUssium 


iinate. 
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The  right-hand  side  of  these  figures  corresponda  with  the  red  end  of  the 
peotnini;  the  ieticra  refer  lo  Fnuinhoft*r'«  lines.  The  li»wer  part  of  each 
show*  the  pure  spectrum  f^eeu  through  the  thinneHt  part  uf  the  wedge; 
lid  the  progress  of  the  absorpTton,  ns  the  tht^kuesN,  of  the  liquid  increases, 
»tL  hy  the  grikdual  ohHteritlion  of  the  spectrum  towArtlii  the  upper  part 
»  figures. 

oreMcma, — An  examitiation  into  ft  peculiar  mode  of  analysis  of  light, 
lfi€*ovcred  by  Sir  John  Herschel,  in  a  solution  of  rpiinine  t^ulphate,  has 
rithifi  the  last  few  years  led  to  the  diseovery  of  a  tuo!<l  remarkjiblc  fact, 
tr.  Hlokes  baa  observed  that  lij^bt  of  ccrlain  refraujfibilily  and  color  is 
apable  of  experiencing  a  peculiar  inHuenee  in  beiug  di?«ipersed  by  certain 
""■i,  and  of  undergoing  thereby  an  alteration  of  it^refruugihUity  nniJ  color, 
^«urioU!i  change,  oilled  fluore-^cence,  can  be  produced  by  a  great  uunihi*r 
I  both  liquid  and  solid,  transparent  and  opat|ye.  Frequency  the 
~  ct?»  only  the  extreme  limits;  at  otlier  time*i  larger  portions,  and 
«e9  even  the  whole,  or,  at  all  events,  the  major  part  of  (he  «pec- 
A  dilute  .solution  of  quinine  jiulphute,  for  instance,  changes  the 
and  the  dark-blue  light  lo  ^iky-bluc: ;  by  a  decoction  of  madder  in  a 
I  alum  all  rays  of  higher  refrangibility  than  yellow  are  converted 
v:  by  an  alcoholic  nolution  of  the  coloring  matter  of  leaves  all  the 
^t>i;»*<  ut  I  lie  spectrum  become  re«L  In  all  cases  in  which  this  peculiar  phe- 
^\M\  presented  itself  in  a  greater  or  less  degree,  Mr.  HlokcH  observed 
,itconiiated  in  a  diminution  of  the  refraugibilily.  Thus,  rays  of  so 
degree  of  refrangibility,  that  they  ex  lend  far  beyond  the  extreme 
I  of  the  spectrum  Yisiblo  umler  ordinary  circumstances,  may  be  rea- 
luiiiiuoati,  And  Gonverted  Into  blue  and  even  red  light. 

"    I  itAOTtoif  Awn  PoLAHtzATtnN.  —  A  my  of  common  lighl  mi 

I  certain  crystals  of  a  piirlicular  or<ler  ii*  found  to  uodergo  i 

1 L  iii.n  n....4e  uhao^e.     //  ht*vomen  split  or  divided  into  two  rays,  one  c 

*Cb«ta,  Snc.  Jattm.  x.  79, 
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,  vUe  tke  oiker  Ukes  a  new 
I  «■  tke  p— Tfioa  of  the  erysUL  This 
it  bf  mifally  illiiBtTmled  in  the  cue 
«f  js«aA£  flies',  cr  crrtri"-  mj  eekivB  cartwaatc  On  piecing  e  rhomb  of 
^ta»  ioi^Mcuire  m.  e  incct  li  vkixe  p*p*r  on  whieh  e  niaiiL  or  line  hns  been 
^■wi   zm  Mnt^  -w-El  W  fmn  dv«b«e. 

AcuL  ^  ft  TftT  c^  ^:pk.:  be  tmMrrtd  to  fall  en  n  plate  of  ^nsB  nt  an  angle 
cf  ST'  «?• .  T^  Mcoia  £>f  i^  raj  vkieh  svffers  reflection  will  be  found  to 
uv*  acocTM  icN4«r3f$  v^Jch  it  did  noc  before  poesess;  for  on  throwing 
XL  ac  zitf  SUM  auW.  cp(«  a  woottd  gias  plate,  it  will  be  obeerred  thai 
tncTY  ar»  tvy  parijrs^ar  |<«cuMtf  of  the  latter,  namelj,  thoee  in  which  the 
TcuM»  if  iacseevtf  are  %z  ririi  angles  to  one  another,  when  the  raj  of  light 
a»  2ft  jmcvr  rrf»<<r«4«i.  \<z  exurelj  refracted.     Light  whieh  has  suffered  this 

ri«  Iia:  vx5c^  yiiiHif  ihroagh  ihe  fint  or  polarizing  plate  is,  also,  to  a 
c«ru.A  cucni.  in  tlis  pccvliar  condition,  and  bj  emplojing  a  series  of 
fimilar  pUzes  held  parallel  to  the  first,  this  effect  maj 
'V  c.  be  grrailj  iEcreased:    a  bundle  of  fifteen  or  twentj 

ssc^  plates  maj  be  used  with  great  couTenience  for  the 
exp-criBent.  It  is  to  be  remarked,  also,  that  the  light 
p«Iariicd  bj  transmission  in  this  manner  is  in  an  oppo- 
site ssate  to  that  polarised  bj  reflection;  that  is,  when 
exasined  bj  a  second  or  mmaiyzmf  plate,  held  at  the 
aax^.e  before  mentioned,  it  will  be  seen  to  be  reflected 
vLea  the  other  Is  transmitted,  and  to  be  dispersed  when 
ihe  first  is  reflected. 

It  is  not  ever  J  substance  which  is  capable  of  polar- 
izing li^ht  in  this  manner;  glass,  water,  and  certain 
cciier  N>iies  bring  about  the  change  in  question,  each 
hsTiag  a  particular  polarising  angle  at  which  the  effect 
b  greatest.  The  metals  also  can,  hj  reflection,  polarise 
the  I:c^c.  bat  thej  do  so  rerj  imperfectlj.  The  two  rajs  into  which  a 
p<ec:.  %'f  common  light  dirides  itself  in  passing  through  adoublj  refracting 
crj:«tal  are  foun^  on  examination  to  be  polarized  in  a  Terj  complete  manner, 
and  al*>  transrerselj.  the  one  being  capable  of  reflection  when  the  other 
inantshes  or  is  transmitted.  The  two  rajs  are  said  to  be  polarized  in  op- 
f^>(Mie  dir>Ktions.  With  a  rhomb  of  transparent  Iceland  spar  of  tolerablj 
large  dimea^ions^  the  two  oppositelj  polarized  rajs  maj  be  widelj  separated 
aad  examined  apart. 

i>rtA:u  doublj  refracting  crjstals  absorb  the  one  of  these  rajs,  but  not 
the  c;2ier.  Through  a  plate  of  such  a  crjstal  one  raj  passes  and  becomes 
ensirvlj  polarized :  the  other,  which  is  likewise  polarized,  but  in  another 
p^ae.  is  remoTed  bj  absorption.  The  best  known  of  these  media  is  tour- 
UAline.  When  tvo  plates  of  this  mineral,  cut  parallel  to  the  axis  of  the 
crvstal,  «re  h*»ld  with  their  axes  parallel,  as  in  fig.  63,  light  trayerses  them 
K»th  fre^lv  :  but  when  one  of  them  is  turned  round  in  the  manner  shown  in 
fig.  ^4«  so  as  to  m.ike  the  axes  cross  at  right  angles,  the  light  is  almost 
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^pedf  if  the  tourmftlines  Are  good,     A  pinte  of  tlit?  rnmeral  (luts 

1  excellent  tet*L  fur  di^criinjnnting  between  pokriaeil  light  and 

i  htLH  not  undprgoiie  tbe  clitiugc. 

Sotttc  of  iJie   most  splendid  plienouieuii  of  the  science  of  light  are  ex* 

ibiicd   when   thin   pIuleH  of  doiitilv  ref meting  aubsianceti  are   interposed 

etweco  ihe  polnriiiug  arningt^nivnt  Hn<i  [he  imaljien 

Ii>^te4ul  of  the  tourmaliue  plnle,  which  i»  fihvtt;y«i  colored,  frequent  uac  ia 

ide   »t  two  Nichol's  prisms,  or  eoiijoioed  prisms  of  caleiimi   earboiiiitc, 

vkiclt,  in  coiii^equence  of  a  peeulisir  eutttti^^  and   eotnhlnation,  possess  the 

ert/  of  allowing  only  one  of  the  oppoj*itt.dy  polarised  ruys  to  pass.     A 

i  advantageoui^  nieihod  of  cutiiug  and  combining  pri^^nio  has  heen  giirea 

Foueanlt.     Hia  prisma  are  as*  nervicenblc  as  and  lc»»  expenaivc  than 

those  of  NicboL     If  two  Niebol  a  or  Foueaidt's  prinuia  be  placed  one  behind 

Ijie  other  in  precisely  «iniiinr  positions,  the  light  polariied  by  the  one  goea 

"brougb  the  other  unaltered.     But  when  one  pri^iu  i^;  slightly  tuined  romid 

\l»  setting,  a  cloudiness  is  prodiiced  ;  and  hy  continuing  to  turn  tlic  priMiu, 

Ikiit  incroa^ea  iinlil  perfect  darkness  ensues.      This  liuppenM,  as  wil  b  the  tour* 

ftltJie  platci,  when  the  two  prisms  cro^s  one  another.     The  phenomenon 

ne  witii  colorless  hh  with  colored  light. 

ia  PoLABiXATioN, — Supposing  that  polnnzed  light,  colored,  for  ex- 
'  going  through  a  plate  of  red  glans^  ba^  passed  ihrough  the  first 
Ifichora  prism,  and  been  altogelber  obj^tructed  in  contie<iHeuce  of  ihe  posi- 
icm  of  ihe  second  prism^  then,  if  between  the  two  pritinii*  u  pliite  of  rock- 
rir^tal  formed  by  a  section  (it  right  angles  to  ihe  principal  iixia  of  the  crystal, 
'  interposed,  the  light  polarized  by  the  first  prism  will  by  passing  through 
iie  plate  of  quarts,  be  enabled  partially  to  pa.ss  through  the  second  Niebora 
riam.  Its  passage  through  the  second  priam  can  then  again  be  interrupted 
lurnuig  the  second  pri^m  round  to  a  certain  extent.  The  rotation  re- 
Liired  T;iriei  with  the  ihickncBS  of  the  plate  of  rock-crystal,  and  alwo  with 
color  of  Ihe  light  employed.  It  increases  from  red  in  the  following 
r»l«r  — yellow,  green,  blue,  violet. 
Thia  property  of  rock-crystal  was  discovered  bj  Arago.  The  kind  of 
olarigation  haa  been  called  circular  pohirization.  The  direction  of  the 
ptJb&ion  is  with  many  plates  towards  the  right  bnud;  in  other  plates  it  is 
awards  the  lefl.  Tbe  one  clays  is  said  to  pos*te^  right-banded  poluriialion^ 
he  other  class  left-handed  polarixation.  For  a  long  lime  quarix  was  ihe 
f  solid  body  knoAin  to  exhibit  circular  polnriKatien.  tnhers  have  since 
found  which  pii*se*s  this  property  in  a  fur  biglnpr  degree.  Thus,  a 
\  uf  cinnabar  acta  ^\een  times  more  pow  erfuUy  than  a  plate  of  quartz 
■equal  thickness. 

Bioc  obniTved  that  many  aolutloiia  of  organic  snbslances  exhibit  the 
roperty  of  circular  polarination,  though  1o  a  far  less  extent  than  rock- 
rysiah  Thus,  solutions  of  cane-sugar,  glucose,  and  tartaric  acid,  possess 
*  jphanded  pohiriiation ;  whilst  albumen,  uncrystallixiible  sugor,  iind  oil 
pentine,  iire  left-handed.  In  all  these  .^^olutiotts  tbe  nmount  of  circular 
III  ion  increases  with  tbe  concentration  of  the  lirpiid  and  Ihe  tbiekness 
I  crdumn  through  which  the  light  passes.  Hence  cireubir  pobvriiulion 
riniporlaut  auxiliary  in  cheiiucal  nnaly*iiH.  In  order  lu  determine  ibe 
notiiit  of  pohi dilation  which  any  liquid  exhibits,  it  iu«t  put  into  ii  glnsjLi  tube 
leas  than  from  ten  to  twelve  inehes  long,  which  is  closed  with  ghiss 
•t#^.  Til  is  is  then  placed  between  the  (wo  NieboFs  prisms,  which  have 
<Tiou8ly  been  so  arranged  Aviih  regord  to  each  other  that  no  light  could 
lUirough.  An  appariitu?*  of  this  de.Bcri[>lion.  the  Nitchjirimeter,  is  used 
lerniining  the  coucculratton  of  polulion^  of  cane-sugar, 
form  of  this  inslru/ucn^  nuty  he  Hven  in  fig.  (i5.  The  two  ^\c\i<>Vli 
r'tMWMM/-^  vaeIo0eJ  in  the  ootrtiipoiniuig  fastenings  n  and  6.  Between  \\\«i 
-» l/itfre  ia  M  MpAce  io  reeeivi&  the  tubu,  which  is  tilled  with  the  aoVuliou  kA 
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sugar.  If  the  prismB  are  crossed  in  the  way  abore  mentioiied  1>efore  the 
tube  is  put  in  its  place,  that  is,  if  they  are  placed  so  that  ho  light  passes 
them,  then  by  the  action  of  the  solution  of  sugar  the  light  is  enabled  to 
pass,  and  the  NichoVs  prism,  a,  must  l>e  turned  through  a  certain  angle 
before  the  light  is  again  perfectly  stopped.  The  magnitude  of  this  ang^e  is 
obserred  on  the  circular  disk  «  «,  which  is  diyided  into  degrees,  and  upon 
which,  by  the  turning  of  the  prism,  an  index  2  is  moyed  along  the  dlTision. 
When  the  tube  is  exactly  ten  inches  long,  and  is  closed  at  both  ends  by  flat 
glass  plates,  and  when  it  is  filled  with  solution  containing  10  per  cent,  by 
weight  of  cane-sugar,  and  free  from  any  other  substance  possessing  an  ac- 
tion on  light,  the  angle  of  rotation  is  18*86**.  Since  the  magnitude  of  this 
angle  stands  in  direct  relation  to  the  length  of  the  column  of  liquid  and 
also  to  the  quantity  of  sugar  in  solution,  it  is  clear  that  the  quanti^  of 
sugar  in  any  given  solution,  when  the  length  of  the  column  of  liqnia  Is  I 
inches,  and  the  angle  of  rotation  is  a  degrees^  can  be  determined  by  the 

a   X    I 
equation  «  =  -j^:^. 

This  process  is  not  suflBcient  when  the  solution  contains  eane-sugar  and 
uncrystallixable  sugar:  for  the  latter  rotates  the  lyy  to  the  left;  in  thai 

Fig.  9^. 


lMii>iiiimM|i>^;|it|inn{|j|^|(ijmfrii(g 
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case  only  the  difference  of  the  two  actions  is  obtained.     But  if  the  whole 
quantity  of  Bugar  be  changed  into  uncrystallizable  sugar,  and  the  experi- 
ment  be  repeated,  then  from  the  results  of  the  two  observations  the  quan- 
//-Cr  of  hot  h  kinds  of  sugar  can  easily  be  ca\cu\ateA. 
Jt  is  dimcult  to  Snd  exactly  that  position  of  Ibe  "Sic^ioYa  ^x^Kina  Vbl -^Vtf^ 
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Ui«  grcalftgt  darknoBt  preTvlla.     To  make  the  meaeur omenta  more  exa«t  aad 

ea«y^  SolttI  hftfl  nftde  some  ftddttioos  to  tUe  uppurutua.     At  9,  before  the 

prism  &«  «  plAt«  of  rock-crjstal  cut  at  right  tiii>i^k;d  to  the  axis  is  phictid. 

h  is  iiiride^   in   the  centre  of  the  field  of  vision,  half  conflict  inn;  *^''  qutstrtz 

rt^taiing  to  the  right  hanti,  and  half  of  the  variety  which  rotates  to  the  lell.; 

it  i^  0  148  inch  (^*75  millimetre)  thick,   thiis  thicknes^j  being  fonnd  bj  ex- 

eriment  to  produce  the  greatest  difference  in  tjjc  color  of  the  two  liiilrei, 

ken  one  priicm  U  slightly  rotated.     The  »olulion  of  »ugar  has  precij^elj  the 

DO  AcHon  oti  the  rotalJon,  «incc  it  increases  I  be  action  of  the  half  which 

I  ft  right-bftnded  rotation,  and  lessens  the  action  of  the  half  which  rotates 

ithm  left.      Hence  the  two  halTcs  will  asmime  a  different  color  when  tbo 

est  quaotitj  of  8u;i^r  is  present  in  the  liquid.     B^v  i^lightlj  turning  the 

il'a  prism  a.  thin  diffcreiico  can  be  again  removed.     Holeil  ha^*  inlro- 

I  another  more  delicate  means  of  effecting  this  at  the  p<irt  /*,  which  he 

ilb  llie  eoinpcDMkior.     The  most  important   parts  of  thiit  are  eeparntely 

presented  in  fig,  66.    It  consista  of  Iwo  exactly  equal  right'-angled  pri^mt*, 

lefi-hiLiided  quartx.  whose  surfaces,  c^  and  f>  are  cut  perpendiculrtr  (o  ihe 

«ic  axis.     These  prirtms  can,  by  means  of  the  i*crew  v  and  a  ruck  mid 

ikion,  he  made  to  slide  on  one  another,  ^a  that,  wheii  taken  together,  they 

ft  plate  of  Tarying  thickness,  boundtd  by  pjirallel  aurfuees.     One  of 

frames  has  a  scale/),  the  other  a  vernier  «.     When  tbi»  points  to  Rero 

fihe  9cale,  Ihe  optical  action  of  the  two  priEiima  in  exactly  coinpen,><atcd  by 

aright-banded  plate  of  rock-crystal,  so  thai  tin  effect  i»oh(airted  as  regards 

"rcalar   polariialion,   as  if  the  whole   system  were  not  present.     As  soon, 

ftweTpr,  as  the  screw  is  moved,  and  tbusi  Ihe  thickne^j*  of  the  plate  foniied 

thtt  two   prisma  is  changed  (we  will  t^uppofie  it  increased),  then  a  left- 

inded  action  en.«*nefl,  which  must  be  properly  regulated,  until  it  compen- 

I  the  opposite  action  of  a  fiolution  of  Hugar.     Thus  a  eonYenient  method 

incd  of  rendering  the  color  of  the  double  plate  unifono,  when  it  has 

to  be  so  by  the  action  of  the  sugar, 

Fftmdaj  haB  made  the  remarkable  discoTcry  that,  if  a  very  strong  clee*ric 
■rrent  be  parsed  round  a  stibMance  which  possesses  the  property  of  circular 
aritation,  ihe  amount  of  rotation  ia  altered  to  a  considerable  degree. 

ViMxnstQ  AKD  Chkmical  Rayb  of  the  60LAB  Spectritm. -^The  luminoua 

^f  the  sun  arc  accompanied,   as  already  mentioned,  by  others  which 

[  heating  powers.     If  the  temperature  of  the  ditferent -colored  spaces 

I  spectrum  be  tried  with  a  delicate  thermometer,  it  w  ill  be  found  to  in- 

erefts<e  from  the  violet  to  the  red  extremity,  and  when  the  prism  is  of  some 

|kartieuLar  kinds  of  glass,  the  greatest  effect  will  be  mnnifet^ted  a  litUe  beyond 

the  Tisible  red  rays.     The  position  of  Ihe  greatest  hearing  effect  in  the 

■pectrum  materially  depends  on  ihe  absorptive  nature  of  the  glass.     Trans* 

fcrenl  thottgh  this  medium  is  to  the  rays  of  light,  it  neverthelesH  absorbs  a 

9n»iderable  quantity  of  the  heat  rays.     Transipiirent  rock-salt  is  almost 

riiht^ul  abjforptive  action  on  the  thermal  rays.     In  the  spectrum  obtained 

'  pmiming  the  solar  rays  through  prisms  of  rock-salt,  the  greatest  ihermal 

fcect  is  found  at  a  position  far  beyond  the  laBt  visible  red  rays.     It  is  in- 

rred  from  this  that  the   chief  mass   of  the  heating  rays  of  the  stui  arc 

nong  the  least  refrangible  components  of  the  scdar  beam. 

Again,  it  has  long  been  known  that  cheinic»il  changes  both  of  combination 

id  of  d<*composition,  but  more  particularly  the  latter,  can  be  effected  by 

lion  of  light.     Chlorine  and  hydrogen  combine  at  common  tempera' 

i  only  under  the  intJuenee  of  light;  mid  pariilkd  capes  occur  in  great 

»rs  in  organic  chpnnatrj.     The  blackening  t\n*\  decomposilion  ot  m\v<st 

)3f0  mrv  fmmiUar  imftuncm  of  the  chemitml  powers  of  the  same  agent,   ^ow, 

•^  ji^i  sIwM/^if  Uie  Jtmiinoiis  fmrt  of  the  raj  which  effects  these  cWn^^wv 
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they  arc  chiefly  produced  by  cerlnin  invisible  rnys,  which  aceompftJiy  t 
olhiTs,  iimi  art!  luuud  most  tibuiidaiitlj^-  byyond  (.he  TJolei  part  of  Uu'  ppei 
trunu  It  h  tht^n^  thiit  certain  cheniicul  efl'ecla  are  most  murkt-ti,  iilthoiigh 
the  intensity  t>f  the  light  is  exceedingly  feeble.  From  the  fad  that  tsotue 
sttUs  of  eilver  are  leua  readily  decomposed  by  the  luminous  —  yellow, 
orunge,  ami  red  rays  — than  !>y.  ccrtnin  my ?*  which  extend  beyond  the  or- 
dinary visible  Hpeclruni,  it  hna  been  concluded  that  there  exiHiH  iii  the  aun- 
benm,  in  addition  to  heiit  and  light ,  a  principle  having  u  distinct  uetion, 
which  I  he  prtmHional  term  actinism  hus  been  given  —  from  (Urif^  a  r»y.  Tb 
ftCtinic  r»y3  are  thus  directly  opposed  to  the  heating  rays  in  the  comin 
«(pectruni  iu  their  degree  of  retrangibility,  ^ince  they  exceed  all  the  othei 
in  this  rc*jpect.  The  luminous  ray*),  tuo,  untler  pcenlittr  condiliuns,  eie 
decompoHirig  powers  upon  silver  salts.  The  refiuli  of  the  action  of  any  r«' 
depends,  moreover,  greatly  on  the  phyi*ical  stole  of  the  surface  upon  whicl 
It  falls,  And  on  the  chemical  con.'^titution  of  the  body;  indeed,  fur  every 
kind  of  ray  a  substance  may  be  found  w  hich  under  pjtrticidar  circunistances 
will  be  fti^'ected  by  it;  and  thus  it  appears  that  the  chemical  fiinctions  are 
by  no  means  contined  to  any  set  of  rays  to  the  exelu»iun  of  the  rest. 

Upon  the  chemical  changes  pro<luced  by  light  in  based  ibe  art  of  photo* 
graph^.  In  the  year  lHt>^,  Mr,  Thomns  Wedgwood  proposed  ft  method  of 
copying  paintings  on  ghi^!^  by  pbicing  behind  Ihi-m  white  paper  or  leather 
nioiHtened  with  a  Fuliitioii  of  Kilver  tiitiate,  which  became  tlecomposed  and 
blacki'ued  by  the  trant?mitted  light  in  proportioii  to  the  intcni*ity  of  the 
laller;  aiid  iJavy,  in  repeating  thene  experiments,  found  that  he  could  thu^ 
oblnin  tolerobly  accurate  repreMentatiouM  of  object b  of  a  texture  partly 
Opa(|ue  and  partly  transparent,  such  as  leaves  and  the  wings  of  itif^ccts, 
and  even  copy  with  a  certain  degree  of  sueceiis  the  imuges  of  small  objects 
obiaiued  by  the  solar  microscope*  Theae  pictures,  however,  required  to 
he  kept  in  the  dark,  and  could  only  be  examined  by  candle-light,  otherwise 
they  became  obi  it  era  ted  by  ihe  blacken  iug  of  the  whole  surface  from  which 
the  sob  of  silver  could  not  be  removed  The.^ie  attempt?  at  light-painting 
atlrncled  but  little  notice  till  fhe  publication  of  Mr,  Fox  Taihot's  papers, 
read  before  the  Royal  Society*  in  January  and  February,  1HS9,  in  which 
he  detailed  two  niethoila  of  fixing  tlie  piciures  produced  by  the  action  of 
light  on  paper  imprcgnaU-d  with  silver  chloride,  and  at  ihe  same  time  de- 
Bcribed  a  plan  by  which  the  sensibility  of  ihe  jircpared  paper  may  be  in- 
crea.-^ed  to  the  extent  required  for  receiving  impreaBious  from  the  images 
of  the  camera  ob»cura. 

Very  shortly  aftcrwiirds.  Sir  John  ITerPchel  proposed  to  employ  solutions 
of  ihe  alkaline  hyposulphites  for  removing  I  he  excess  of  silver  chloride 
from  the  paper,  and  thuK  preventing  the  further  action  of  light;  and  ihia 
plan  has  been  found  exceedingly  successfuL  The  greatest  improrement, 
however,  which  the  curious  art  of  photogenic  drawing  haw  received,  is  due 
(o  Mr,  Talboi,  who,  in  a  communicfltion  to  the  Hoyal  8ociely,  deHcribcd 
a  method  by  which  paper  of  »iich  sensibility  could  )>e  prepared  as  to  per- 
mit, lis  application  to  the  taking  of  portraits  of  living  persons  by  the  aid 
of  a  good  camera  obscura,  the  time  required  for  a  perfect  tmprei^vion 
^eUlnm  exceeding  a  few  f^eoouds.  The  plan  at  fjrcsent  in  use  is  (he 
Jidlowing: 

Writiiig'paper  nf  good  quality  is  washed  on  one  aide  with  a  solution  of 
thirty  grains  of  silver  nilrate  in  one  ounce  of  distilled  water,  and  then  left 
to  \\\'y  ^pniilaneously  in  a  dark  room:  when  dry,  tt  is  immersed  lor  from 
five  to  len  mifiiKe^  in  a  »olution  of  on©  ounee  of  potassiijiiii  iodide  in  iweuly 
ounce?  of  water.  Tbe  paper  is  then  soakeil  in  water  for  half  an  hour, 
chnngifif^  the  %xntei'  \\\vv^  or  four  times  to  remove  the  excess  of  potasisium 
iodide,  nnd  is  then  tirit'd.  T/ieac  operations  »hou\d be  \»ftTVoTwv«vVb^  caudle- 
y/^/jf.      H/trn  requirvd   for  use,  the  paper,  t\iu«  coMq^V.  "wVv^i  -s^iWjvi  ^\\><tt 
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Mide.  U  hruslied  ot^r  with  «  solution  made  by  adding  tog(?thi?r  one  pjirt 
4if  »  AottittMfi  I't  j»ilv<»r  nitriite,  tiUy  grains  to  one  ounce  of  wulcr;  tivo 
p^  '  J  "td.  and  rlin^i*  purls  of  a  saturated  solniion  of  gallic 

*  ndi*  the  excess  is  remove<l  bj  blolling-puper,     TUid, 

V  -     i    t  ,    ...  tqK  or  Cttkttf/p^  puper,  is  now  rendy  lor  use;  expoj^uro 

t  L^^ligiit  for  one  second  Mutfices  to^muke  an  itupre^sion  upon  it, 

lii 1'^  Ug*»t  of  the  moon  produce!*  the  same  etfect,  although  a  much 

loiig«r  lifne  i^  requtri^d*  For  landscapes  and  fixed  ohjecrs.  nnd  when  the 
pttfier  19  r^tfuired  to  be  prepared  long  beforehand^  the  above  mixture  of 
**g9ii9^mtra(«'*  nbould  be  diluted  with  from  twenty  lo  fifty  volumes  of 
vai^r,  ftiuc*^  eflpecially  in  hoi  weather,  without  thia  prcL^autton  the  paper 
Im  I  '  ric'ously, 

the  camera  obscura  itre  at  first  iiiTi»ible,  but  arc  made  to 
ajip,*,  ..(  knii  intcugitj,  by  once  more  washing  the  paper  with  a  mixluro 
of  oiif  p»rt  of  the  silver  j^oluiion  (fifty  grains  to  an  ounce  of  water)  and 
fimr  part 9  of  the  saturated  jioluiion  of  gallic  acid.  The  image  noon  appears, 
and  should  be  fully  developed  in  a  few  minutes. 

The  picture  is  of  course  neyativr^  the  lights  and  shadows  being  reverse^l; 
M»  obiain  po^itiv^  oopte»f  nothing  more  ia  necessary  thau  to  place  a  piece  of 
pkotognnphio  paper  prepared  with  silver  chloride?,  or  a  piece  of  falbotype 
pa{»i»r,  betiealh  the  negative  cover*  to  press  the  two  paper?*  in  conljicl  by 
meiaiia  of  n  glas:«,  and  to  expose  the  whole  to  the  light  of  the  suti  for  a 
ihort  time,  or  longer  to  diffoscd  daylight. 

Ueft/rc*  this  can  be  done,  the  neg:itivo  muat^  however,  be  fixed,  otherwise 
it  Will  biaoken:  thin  in  «Ume  temporarily  by  washing  with  a  Pdlution  of 
potAsaiutn  brotoide,  tett  grain*)  in  an  ounce  of  water,  and  then  ringing  iti 
o<viBai«»n  water.  The  ultimate  filling  is  effected  by  immersion  in  a  aulution 
of  one  part  of  aodiuni  hypoiiulphite,  in  from  four  (o  ten  parts  of  water: 
the  w«akf^r  aolution  should  bj  used  hot,  about  H2^C,  nH*>'=>F. ).  and  the 
it:/  iiued  until  the  yellow  tint  arising  from  the   undncompofled 

Im  f  <* :    finally.    rtpmf>'ii(tf   wn^hing  in  hot   water*   drying,  and 

ttttiir  la^iK^  X,  i..i  white  wax.  terntinaten  the  proc*>f4!4^ 

The  po:4itivea  arc  also  fixc<l  by  t^odium  hyposulphite^  by  potas.Hium  cyanide^ 
or  by  ammonia;  all  of  which  act  by  removing  the  undecom posed  silver 
chloride.  The  conservation  of  the  positive  isi  a  point  of  diilirulty.  Mr, 
Matune  recouimendfi  immers^ion  in  a  strong  Bolutiou  of  caustic  potassa, 
bv«|4»d  to  about  82^  C. ;  a  change  of  tint  ensues,  and  greater  porniunenco  la 
acir|tiir««L     After  removal  of  the  alkali  and  any  sulphur  and  chlorine  com- 

touod^  pre«H*Dt,  the  picture  should  bo  *»iit'd  and  hot-prcKsed*  or  varnished, 
ewping   the   fiiuahed   proof   most    carefully   excluded   from    sulphuretted 
v»pon»,  _ 

i^ir  John  Tlerschel  ha?  «hown  that  a  great  number  of  other  substances  can 
b*  euiployed  in  these  photographio  proccf^seci  by  taking  advantage  of  Ibe 
lilifnilar  deoxtdixing  effects  of  certain  portions  of  the  solar  rays.  Taper 
*r»«h<*d  wrfh  a  solution  of  ferric  *n»lt  becomcj*  capable  of  receiving  JniprcS'- 
«•.  M  kindt  which  may  afterwards  bo  nmde  evident  by  potassium  fer- 

»(  r  gold  chloride.  Vegetable  colore  are  also  acted  upon  in  a  very  cu- 

fi*   1^  rontly  definite  manner  by  the  ditft-rerit  parts  of  the  spectrum. 

1  fp  typCt  the  annouQcement  of  which  wim   Hrst  made  in  the 

•umiuv.   .,.    .       *.  by  M.  Dnguerre,  who  had  been  ot'cu[/KMl  with  tiiis  subjuet 
friMH  1K20,  if  not  earlier,  U  another  remarkable  instance  of  the  decompusing 
vfft^t*  of  the  *tidar  rays,     A  clean  and   liighly  polished  plale  of  silvered 
per  is  exposed  for  a  certain  period  lo  the  vapor  of  iodine,  and  then 
|*ortcd  to  the  camera  obscura.     In  the  most  improved  state  of  the  pro- 
m  very  short  tiiue  mfficvfi  for  effecting  the  necessary  chai^ge  m  l\\^ 
tffMifrer  /o>Jj'Jt'.     I'/io  pictiin\  however,  onU  becoin*»»  visible  \^y  cx^v^ft- 
a  t<f  aw  ra/x^r  ofmtuvur/,  whwh  aiitM^hm  itself,  m  ibc  Uxvel  of  e\o««^^ 
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ii|gly  minute  globules,  to  those  parts  which  have  been  most  acted  upon,  that 
is  to  sajy  to  the  lights,  the  shadows  being  formed  by  the  dark  polish  of  tho 
metallic  plate.  Lastly,  the  drawing  is  washed  with  sodium  hyposulphite, 
to  remoTe  tho  undecomposcd  siWer  iodide  and  render  it  permanent. 

The  images  of  objects  thus  produced  bear  the  most  minute  examination 
with  a  magnifying  glass,  tho  smallest  details  being  depicted  with  perfect 
fidelity. 

Great  improTements  have  been  necessarily  made  in  the  application  of 
this  beautiful  art  to  taking  portraits.  By  the  joint  use  of  bromine  and 
iodine  the  plates  are  rendered  far  more  sensitive,  and  the  time  of  sitting  is 
shortened  to  a  very  few  seconds.  In  fact,  the  sensitiveness  of  the  photo- 
graphic plate  has  been  so  increased,  that  excellently  defined  pictures  of 
obj(H:ts  in  rapid  motion,  horses  jumping,  ships  sailing,  &c.,  have  been  ob- 
tained. When  the  operation  is  completed,  the  color  of  the  plate  is  much 
improved  by  the  deposition  of  an  exceedingly  thin  film  of  gold,  which  com- 
municates a  warm  purplish  tint,  and  removes  the  previous  dull  leaden-gray 
hue,  to  most  persons  very  offensive. 

The  difficulty  of  obtaining  good  paper  for  the  talbotype  has  led  to  the  in- 
vention of  various  substitutes:  albumen  on  glass  and  collodion  are  used  with 
success:  a  soluble  iodide,  or  some  analogous  salt,  is  mixed  with  either 
liquid,  and  the  mixture  applied  to  a  glass  or  porcelain  plate,  dried,  and  im- 
nierseil  in  a  solution  of  silver  nitrate;  thus  a  sensitive  coating  is  formed, 
upon  which  the  images  of  the  camera  or  microscope  are  thrown,  and  de- 
velo)>otl  by  subsequent  treatment  with  deoxidizing  agents,  —  either  pyro- 
gallic  acid,  gallic  acid,  or  a  ferrous  salt  may  be  used.  The  fixing  is  accom- 
^vlished  by  sodium  hyposulphite.  The  result  is  either  negative  or  positive 
at  the  will  of  the  operator.  The  proofs  on  porcelain  or  glass  may  be  burned 
in,  and  porhans  thus  rendered  indestructible  by  time. 

Ktching  and  lithographic  processes,  by  combined  chemical  and  photo- 
graphic agency,  promise  to  be  of  considerable  utility.  The  earliest  is  that 
of  Niepoe:  he  applied  a  bituminous  coating  to  a  metal  plate,  upon  which  an 
engraving  was  superimposed.  The  light  being  thus  partially  interrupted, 
acte\l  unequally  upon  the  varnish;  a  liquid  hydro-carbon,  petroleum,  used 
as  a  s\drent,  removed  the  bitumen  wherever  the  light  had  not  acted;  an 
engraving  acid  could  now  bite  the  unprotected  metal,  which  could  event- 
ually be  printed  fn>m  in  the  usual  way.  Dr.  Donn^  and  Dr.  Berres,  by 
subwiiting  the  daguerreotype  to  the  action  of  nitric  acid  and  its  vapor,  ob- 
tainevl  etchings  from  which  pr\»of8  could  be  taken.  Mr.  Grove,  by  using 
chlorine  evohe^t  by  voltaic  agency,  succeeded  in  obtaining  a  more  manage- 
able pr\H^^«s  Very  suc^^ssful  results  have  also  been  obtained  by  M.  Fixeau, 
who  submits  the  daguerrev^type  to  the  action  of  a  mixture  of  dilute  nitric 
aoid.  «NMumon  salt,  and  ^lassium  nitrate,  when  the  silver  only  is  attacked, 
the  mer\*urialiie\l  p\^rfion  of  the  image  resisting  the  acid;  an  etching  is  thus 
obtained  fMlowing  minutely  the  lights  and  shadows  of  the  picture.  To 
deepen  this  etching,  the  silver  chloride  formed  is  removed  by  ammonia,  the 
pUte  is  K^;le\)  in  caustic  p%tta«sa  and  again  treated  with  acid,  and  so  on  till  the 
etchm<  is  of  suifioient  depth.  In  extreme  cases  electro-gilding  is  resorted 
t\\  and  an  engntving  acid  use^i  to  get  still  more  powerful  impressions. 

Among  the  latest  results  are  those  obtaine^l  by  Mr.  Talbot  on  steel  plates: 
he  u^s  a  mixture  of  |H>ta^um  bichromate  and*  gelatin,  which  hardens  by 
e\js*'«ur>f  to  the  light:  the  rarts  not  affected  are  removed  by  washing. 
VlAunum  tetrachloride  is  used  as  an  etching  liquid;  it  has  the  advantage 
of  MtiUj:  >*uh  greater  r^gtilarity  than  nitric  acid. 

The  bttuv.\en  pTwvss  of  M.  Niepee  has  been  applied  to  lithographic  stone; 
*.•»./ /vw;fM«»,<  obuinetl  frx^m  negative  talbotypes  have  been  printed  off"  by 
A  tii«s/;ftVjirioi;  *  :*  I  he  onlinary  \uWgra\^V\e  y^'*!**'*-    NL.'Sx*^*  fa\da  that 
Wftor  i/r<yxW«,^s   1  ...*  allere^l  biiumetDi.  "w^xU  iDLa^YixYia^  w  YmxakA^  aX\Mi\a  V^ 
/•rt»rt»rvii*^t*  r.he  bituineti  in  its  nornxaX  evMi\\\\\oTi. 
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RAI>1ATI0N  OF  HEAT. 

rP  A  red-hot  bull  be  placed  upon  n  metallic  support,  nnd  left  (<i  itself, 

cooling  Iminediatelj  coiiirnetiLes,  fttiii  only  sl>j|».s  ulioa  the  lemperutiiru 

llie  biikll  19  reduced  to  tliaf  nl'  the  siirniuiiding   uir.     This  ett'uci  takea 

il»ce  in  lliree  Mray»:   Uettt  is*  conducted   awny  (nnn   the   bull   lliruugh  the 

ub»tAnee  or  the  support ;   another  portion   ifi   reuioved   by  the  coiiveclivc 

DW«r  of  the  air:  und  I  he  rcaidtie  is  ihrown  off  fruiii  tlie  bcated  body  in 

ilniight   lines  or  rnys  which   pn^s   Ihroujrh   air  wiiliour   inierrtipiiou,  nod 

come  nbttorbed  by  neighboring  objoct'i  wliioli   htippen   to   be    presented 

\  their  impact. 

This  mdiunt  or  radiated  beat  rescmblei?!,  in  very  many  respects,  ordinary 
If^ht;  it  raoTCB  with  great  velocity ;   it  suffers  rttlectiou  IVutii  t^urfuces »  it 
liters  itnd  traverses  mediA,  undergoing  ftl   ibc  same   lime  refnietion,  ab- 
i»rption,  and  polarizntton ;  in  faett  it  is  in  n\]  these  cnses  obedient  to  tht 
ime  laws  which  regulate  the  corresponding  phenomena  in  optie«. 
The  fact  of  the  rrhrdon  of  hunt  rnsiy  be  very  cattily  proved^     It  a  pcraoD 
»nd  before  a  fire  in  such  a  position  thnt  hia  face  may  he  screened  by  the 
tatiieUheir,  and   if  he   then  take  a  bright  piece  of  mettil,  a?  a  sheet  of 
linned  pbito»  and  hold  it  in  ?ueh  a  nuinner  that    the   fire  may  be  seen   by 
efteetion,  a  distinct  sen«iation  of  heat  ^vill  a!  the  same  moment  be  felt. 
The  apparatUM  best  fitted  for  studying   thewe  fact  a  consists  of  ft  pair  of 
oticav^o  niet4inii;  rairrorii  of  the  form  called  parabolic.     The  parabola  is  a 
lirrc  po««i<e*j*itjg  very  peculiar  pri>perf  ics*  one  of  the 
%ti»\  prouiineot    being   tha   following: — ^A    tangent 
rawn  to  any  part  of  the  curve  makeii   equal  anglct} 
rith  two  lines,  one  of  which  proceed^*  from  ttie  point 
^bere  the  tJ^ngent  touches   the   curve    in  a  direction 
irmUel  to  what  ie  called   the  axi^t  of  the   parabola, 
id  the  other  from  the  same  spot  through  a  point  in 
onl  of  the  curve  called  the  focua.      It  results   from 
liis  that  piiraHel  rays,  either  of  light  or  hent,  falling 
Ipon  a  mirror  of  thU   particular  curvature  in   a  di- 
ction  purallel   with   the  axis  of  I  he   parabohi,  will 
all  reHiH'ted  to  a  !*ingle  point   at  the  focus;   and 
%jn  diverging  from   this  focus,  and  impinj^ing  ufton 
b«  mirror,  will,  after    reflection,    become    piuallel 
|fig.  tW). 

For  practical  purposes  the  parabolic  reflector  is 
cniTally  replaced  by  a  spherical  mirr^ir  of  but  little  extent   as  cotnpnTcd 
iritb  it  5*  radiu**  of  curvature.     The  lino  drawn  from  the  ecu  I  re  of  the  cnr- 
ature  to  the  middle  of  the  refleiUor,  i.  <".,  the  radius  of  the  sphere,  is   the 
^»ap*>i  itiif,  anil  the  middle  of  Ibis  radius   i«   the   focus  of  thr   »phericril 
rflecror.   This  focufi  exhibi Is  nearly  all  thet*hrinii:iersof  thefncun  of  tW\^TVV' 
ttlic  roHrct&r.   T/n*»piteric^l rellecior  h  much  mure  ea*^ily  const tucteA  \\v.\u 
^^pMriiii<*h'o;  H  hui*,  moreover,  the  ndvatUnge  that  every  line  driiwu  IvtuiA 
|p  <7*.fl/y^  or/Ae  vurmiure  towarda  the  surface  of  the  inVrroT  mjk^  W 
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looked  upon  as  an  axis  (collateral  axis),  and  the  middle  of  such  line  as  a 
focus  (collatenil  focus),  and  used  as  such. 

If  two  Huch  mirrors  be  placed  opposite  to  each  other  at  a  considerable 
distance,  und  so  adjusted  that  their  axes  shall  be  coincident,  and  a  hot 
body  pbiccd  in  the  focus  of  the  one,  while  a  thermometer  occupies  that  of 
the  other,  the  reflection  of  the  rays  of  heat  will  become  manifest  by 
tlieir  effect  upon  the  instrument.  In  this  manner,  with  a  pair  of  by  no 
means  very  perfect  mirrors,  1 8  inches  in  diameter,  separated  by  an  interval 
of  20  feet  or  more,  amadou  or  gunpowder  may  be  readily  fired  by  a  red- 
hot  bull  in  the  focus  of  the  opposite  mirror  (fig.  67). 

Fig.  «7. 


The  power  of  radiation  varies  exceedingly  with  difi'crent  bodies,  as  may 
be  euMily  proved.  If  two  similar  vessels  of  equal  capacity,  and  constructed 
of  thin  metal,  one  having  its  surface  highly  polished,  while  that  of  the 
other  is  covered  with  lampblack,  be  filled  with  hot  water  of  the  same  tem- 
perature, and  their  rate  of  cooling  observed  from  time  to  time  with  a 
thermometer,  it  will  be  constantly  found  that  the  blackened  vessel  loses 
heat  much  faster  than  the  one  with  bright  surfaces;  and  since  both  are 
put  on  a  footing  of  equality  in  other  respects,  this  difference,  which  will 
often  amount  to  many  degrees,  must  be  ascribed  to  the  superior  emissive 
power  of  the  film  of  soot. 

Ity  another  arrangement,  a  numerical  comparison  can  be  m(^de  of  these 
difTerences.  A  cubical  metallic  vessel  is  prepared,  each  of  whose  sides 
is  in  a  different  condition,  one  being  polished, .another  rough,  a  third  cov- 
ered with  lampblack,  &c.  The  vessel  is  filled  with  water,  kept  constantly 
at  100°  by  a  small  steam-pipe.  Each  of  its  sides  is  then  presented  in  suc- 
cession to  a  good  concave  mirror,  having  in  its  focus  one  of  the  bulbs  of 
the  djiTorential  thermometer  before  described  (fig.  26),  the  bulb  itself 
being  blackened.  The  effect  produced  on  this  instrument  is  taken  as  a 
measure  of  the  comparative  radiating  powers  of  the  different  surfaces. 
Sir  John  Leslie  obtained  by  this  method  of  experimenting  the  following 
results: 


EiniKsivn  power. 

EmiMive  power. 

Lampblack  . 

.      100 

Tarnished  lead 

.     45 

Writing-paper 

98 

Clean  lead 

19* 

Glass    . 

.       00 

Polished  iron 

.     15 

Graphite  . 

75 

Polished  silver 

12 

Tho  Kiipprwofi  influence  of  m'^re  diffen'nce  of  dnrfare  has  l^w^ncnllei!  in  quMttonbj  MHlonI, 
wboHttriliiiti>M  t>otlH>rcHUHc«  tli«'  ♦■flWts  t»hm'rv«'<|  by  Im^Uc  ami  olht^m,  anicmg  which  BiipiT- 
flrijil  oxi.lutiun  untl  ilifftTcncM  «»r  pli>>i.;il  roiKlitimi  with  n>»p<M:t  to  Imnlnew  and  duniiity  arc 
amonK  th««  inoMt  lui|M.rtjint.  With  nirtuls  n«it  sul»j«rr  t«»  tnrninh,  hcnitchiiig  lh<*  surlatu  in- 
crr'MM  til.,  .mihsivo  |m»w.t  wh.n  tht-  pl.itoj*  have  W^^\\  rollt^il  <»r  liainnif-nHl,  1. 1^  aro  in  ii  ct»in- 
'^^ITi  i  i\u  "'"^  ''»'"<"'«>»"'  it,  on  tho  contrary,  wh.n  tho  niPtal  haa  Ikm-h  cut  and  i-«refnlly 
ponnneii  without  lnirniHhtng.  In  t»u«  cane  of  ivory.  inwt\»\v,  auA  jt^V^  vj\\»»tv  cv^xnvtvMlou  cannot 
?«,'.' -^I^*;.."'^  tf/Wfrmc©  ia  perceptible  iu  the  radiating  \ioyjw  ot  \hAW\v!s>\mA  x^ya^  vox^Mst^ 
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]i«  ^Mtt  reflecting  siirfA<*efl  ure  nlways  the  wortst  ratliafor»;  polialied 
RioU!  n*flect9  ncnrly  nil  the  lif'ut  that  i'vAl^  iipnn  it,  while  il.^  rni<lialtiiff 
power  is  tb«  feeblest  of  uny  i^iibHtanoe  trivd,  and  liitupbluck,  which  rvfleots 
uoihiog^  miliaies  mosi  perfectly. 

The  poirer  of  ahi&rbimj  hfttl  in  in  diroci  proporlion  to  the  power  of 
rmtAtioti.  The  polUhcd  metal  mirror,  hi  the  experiiii*?ut  with  I  he  r*?iJ-hot 
t)tll«  reniainB  quite  cold,  ulthough  only  n.  few  ictehe!*  from  (he  latter;  or, 
ifaia,  if  a  piece  of  gold  leaf  be  Ifiid  upon  papery  and  a  heated  iron  htdd 
Wfr  it  until  tbe  paper  is  completely  acorchcJ^  it  will  bo  found  Ihat  the  film 
nf  metal  bas  perfectly  defended  that  portion  beneath  it, 

Th«  faculty  of  absorption  seems  to  he  a  good  deal  influenced  by  color. 
Dr,  Franklin  found  that  when  piecea  of  clo(h  of  Tarioua  colors  were  placed 
frO  ^now  exposed  to  the  feeble  Rytiwhine  of  winter,  the  ^^now  beneiith  hecamo 
tmequftlly  melted,  the  effect  being  alwayi*  in  proportion  to  the  depth  of  the 
tolor;  and  Dr.  Stark  has  eince  obtained  a  i?iiniltxr  result  by  a  different 
method  of  experiroenling.  According  to  the  Inte  researches  of  MeUotii, 
tiii§  effect  depends  le*»  on  the  color  than  on  the  nature  of  the  coloring 
inatter  which  covers  the  surface  of  the  cloth.  According  to  Melloni.  color 
ilcw*  not  influence  absorption  when  tlie  beat  rayw  are  emitted  from  a  non- 
kiminouft  source^  such  as  a  cube  filled  with  hot  water;  it  haw*  Jn*wever, 
grenL  effect  on  tbo  absorption  of  heat  rays  given  off  froiu  a  luminous  body^ 
U  ih«  san^  ke. 

These  facl!!^  afford  an  explanalion  of  (wo  very  interesting  and  important 

Ealural  phenomena,  namely,  the  origin  of  dew,  and  (he  cause  of  the  land- 

Itid  ttifa-brecies  nf  tropical  countries.     While  the  **un  rcmainji  above  the 

horiion.  the  heat  radiated  by  the  euvface  of  the  earth  into  space  is  com- 

peofiatetl  by  the  absorption  of  the  »olar  bcaui.s;  but  when  the  sun  setji,  and 

the  supply  ce&aes,  while  the  emission  of  heat  goes  on  as  actively  as  before, 

Uir  »urf»co  becomes  cooled  until  its  temperature  ^ink»  below  that  of  tho 

The  air  in  contact  with  the  earth  of  course  participates  in  thisj  re- 

lacttoa    of  temperature;  the  aqueous  vapor  present  speedily  reaches  its 

Ifi'dnt  of  maximum  density,   and   then  begins  to   deposit  moisture,  whose 

|UAiititj  will  depend  upon  the  proportion  of  vapor  in  the  atmosphere,  and 

\  the  extent  to  which  ihe  cooling  process  has  been  carried. 

It  i»  observed   thai  dew   i»  most  abundant  in  a  clear   calm   night,  auc- 

tediiig   a  hot  day:  under   these  circumstances  the   quantity  iif  vapor  in 

Fthc  air  in  usually  ^cr^  great,  and  at  the  same  time  radiation  proceedit  with 

a«j«l  facility.     At  such  times  a  thermometer  laid  on  the  ground  will,  afler 

omc  time,  'indicate  a  temperature  of  6°,  8*^,  or  even  IQP  below  that   of  tbo 

it  a  few  feet  higher.     Clouds  binder  the  formation  of  dew  by  reflecting 

ck  lo  the  earth  the  heat  radiated  from  its  surface,  and   llius  prevcniing 

be  necessary  reduction  of  temperature;   and  the  name  effect   Is  produced 

tj  a  screen  of  the  thinnest  mulerial  stretched  at  a  little  height  above   the 

I'round.      In  this  manner  gardeners  often   preserve   delicate  plants  from 

lle»(riirtiou  by  the  frosts  of  spring  and  autuiim.     The   piercing   eobl   felt 

hu*t  before  and  at  Bunrise,even  in  the  height  of  summer^  is  the  consequence 

frf  this  refrigeration  bavingreached  its  maximum. 

Wind  «l!«o  effectually  prevents  the  deposition  of  dew,  by  conManlly 
enewinjc  the  air  lying  upon  the  earth  before  it  has  had  its  tcmpernturo 
ufl!iciently  reduced  to  cnuae  condensation  of  moisture. 

M&oy  curious  experiments  may  be  made  by  exposing  on  the  ground  at 
liight  bodies  which  differ  in  their  powers  of  raditition.  If  a  piece  of  black 
jllotb  and  a  plate  of  bright  metal  be  tlius  treated,  the  fonner  will  be  often 
'ound  In  the  morning  covered  with  dew,  wliilc  the  latter  remains  dity. 

!  and  »o«  hreeies  are  cvriuin  perindicat  winds  common  to  luoftl  acti,- 
'  wtthfn  the  tropivs,  but  by  tut  mvatt^  confined  to  tho^c   regvcMxn.     V^ 
rr^,/  tfmi  H  fow  hours  u/fer  .^utiHue  n  bvcete  sprluga  up  al  **:\i,  %x^ 
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blows  directly  on  Hhorc,  and  that  its  intonaity  increases  as  the  day 
advances,  and  tleclincs  and  gradually  expires  near  sunset.  Shortly  afler- 
wards  a  wind  arises  in  exactly  the  opposite  direction,  namely,  from  the 
land  towards  the  sen,  lasts  the  whole  of  the  night,  and  only  ceases  with 
the  reappearance  of  the  sun. 

It  is  easy  to  give  an  explanation  of  these  effects.  When  the  sun  shines 
at  once  upon  the  surface  of  the  earth  and  that  of  the  tfca,  tho  two  become 
unequally  heated,  because  the  water,  although  it  possesses  greater  power 
of  absorbing  heat,  is  yet  more  slowly  warmed,  in  consequence  of  its 
greater  capacity  fur  heat,  and  the  greater  depth  to  which  the  rays  of  the 
sun  can  penetrate.  The  air  over  the  heated  surface  of  the  ground,  being 
expanded  by  heat,  rises,  and  has  its  place  supplied  by  colder  air  flowing 
from  the  sea,  producing  the  sea-brecse.  When  the  sun  set«,  both  sea  and 
land  begin  to  cool  by  radiation:  the  rate  of  couling  of  the  latter  will,  how- 
ever, far  exceed  that  of  the  former,  and  its  temperature  will  rapidly  fall. 
The  air  above  becoming  cooled  and  condensed,  flows  outwards  in  obedience 
to  tiic  laws  of  fluid  pressure,  and  displaces  the  warmer  air  of  the  ocean. 
In  this  manner,  by  an  interchange  of  air  between  sea  and  land,  the  other- 
wise oppressive  heat  is  moderaied,  to  the  great  advantage  of  those  who 
inhabit  such  1ocaliti(*s.  The  land  and  sea  breezes  extend  to  a  small  distance 
only  from  shore,  but  nffurd,  notwithstanding,  essential  aid  to  coasting 
nnvigatitm,  since  vessels  on  either  tack  enjoy  a  fair  wind  during  the 
greater  part  of  both  day  and  night. 

TKANSMISSIOX  OF  HEAT;  DIATHERMANCT. 
Rays  of  heat,  in  passing  through  air,  receive  scarcely  more  obstruction 
than  those  of  light  under  similar  circumstances:  but  with  other  trans- 
parent media  the  case  is  different.  If  a  parabolic  mirror  be  taken,  and 
its  axis  directed  towards  the  sun,  the  rays  both  of  heat  and  light  will  be 
reflected  to  the  focus,  which  will  exhibit  a  temperature  sufficiently  high 
to  fuse  a  piece  of  metal,  or  fire  a  combustible  body.  If  a  plate  of  glass  be 
now  placed  between  the  mirror  and  the  sun,  the  effect  will  be  perceptibly 
diminished. 

Now,  let  the  same  experiment  be  made  with  the  heat  of  a  kettle  filled 
with  boiling  water;  the  heat  will  be  concentrated  by  reflection  as  before. 
but,  on  interposing  the  glass,  the  heating  effect  at  the  focus  will  be  reduced 
to  nothing.  Thus,  the  rays  of  heat  coming  from  the  sun  traverse  eVcn 
glass  in  considerable  quantity,  but  not  so  easily  as  air,  whilst  rays  from 
hot  water  are  entirely  stopped  by  glass. 

.  In  the  year  1S;{:{,  M.  .Molloni  published  the  first  of  a  series  of  exceed- 
ingly  valuable  researches  on  this  subject,  which  are  to  be  found  in  detail 
in  various  volumes  of  the  .Vnnales  de  Chimie  et  de  Physique  *  It  will  be 
iHMM.ss.iry.  ,„  t|»o  first  instance,  to  describe  the  method  of  operation 
Iniiow.'.l  bv  this  philosopher. 

Not  '«»»»rbetore   two  very  remarkable  facts  had  been  discovered:  Orsted 
n  I  "penhagen.   showed   that  a  current  of  electricity, 
lll2*'^^'r   produeed.   exercises  a  singular  and  perfectly  Fiff.m. 

••«  •  'o  aoi.on  on  a  magnetic  needle;  and  Seebeck,  in  — * 

»M  in.  foun.l  that  an  electric  current  may  be  generated  ■ 

•V  ho  .niequul  Hleels  of  heat  on  different  metals  in  con- 
»  U  u  wire  conveying  an  electrical  current  be 
.t  .1     ."?';'  "»««V*'»**^  »»'<*'"^'  «»»e   latter  will  imme- 

..;•,''■'••   the   uue  MS  the  mo.le  of  suspension 

,/;/,';'''•*» "7"  »:»  •»'«'  "»rth  will  permit.     V,  hen  tho 

'"".    '•"    «'*'.m,.lo.    M    p|H,,„.i  directly  over   tU.   needle 


Fig,  m. 


bd  pjirsillel  hiits  length,  wliMo  Ibc  cin-rent  If  carries  Irnvels  from  norlh  to 

the  nei'Ule  is  4|uflect*;(J  from  its  orrlintiry  niirectitm,  nnd  Iho  north 

riTcn  to  tht*  va^twnril.     Whou  ibc  current  is*  r<'Vrrstnlt  the  sauRt  jvole 

lu  »rt   t-quiil  uiuount  towurcts  the  west.      Phicing  Hic  wire  helriw 

v^vdle   tUDlciLd  uf  abovt;,  produce»  Lhc  Sfttne  effect  ma  revorisitig  the 

eurrrnt, 

Wh^n  the  needle  is  fuhjectetl  to  the  actfoti  of  two  currents  in  oppo- 

tlirections,  iht?  one  ahovc  iind  the  other  below,  thej  will  obviously 

ticur  in  their  effects,     The  same  thing  huppen»  when  the  wire  cttrrying 

?  current  id  bent  upon  itself,  iiii4  the  needle  phiced  brlween  thr  Ivvo  por- 

rj«;  anil  since  every  lime  the  bemJirig  la  repesiled,  a  fresh  portion  of  the 

urrent  i^  tnntle  to  ucl  tn  tlie  same  nmiincr  upon   the  needle,  il  is  eftsy  to 

'  how  a  current,  too  feeble  to  jToduce  any  etfeet  when  a  simple  straij^ht 

19  employed,  m»iy  bo  umde  by  thi«  eontrivutice  to  exhibit  a  powerful 

rtion  on  the  magnet      U   ii»  cm  this  principle 

At  tUfflruments   called  ffairanumften,   tjtthano- 

,  or  multiptier$^  arc  constructed:  they  serve 

Illy  to  indicate  the  existence  of  electrical 

t*,  but    to  sho^r.  by  «hi'   efft*ct»  upon    ihe 

lie,  the  direction  in  which  they  arc  moving, 

*  delicacy  of  the  instrument  can  be  exiraar- 

iinarily   increased   by  the   u.se  of   a  very  long 

oil  of  wire  and  two  needles  of  e^jusil  »trungih, 

bd  wit)i  opposite  poles  conjoined  ifig.  H2j^     Thowo  needlew  »re  hung  by 

Bt tainted  Hilk,  one  bHweeti  the  coils  and  the  niher  above  them,  ao  that  the 

urrrnt  act«  in  the  Banie  direction  ou  both.     The  lliiekne!*^  of  (he  vvire  has 

miu¥t  jiifluence  on   the  delicacy   of   the    in^itrumenC.      For  the    following 

ifs  it  ahould  not   bt?  lep?<  than  ^^  of  nii  inch  thiek, 

vo  pieces  of  different  metalu.  coniiecteil  titgether  at  each  end, 

t   their  joint»  ujore  h<'aied  ibau  thu  other,  an  electric  current  ia 

y  set  up.     Of  all  the  melnls  tried, 

i  id  antimony  form  the  most  power- 

|l  o^mib  I  nation.     A  single  pair  of  hart;  hav- 

feSE  »n«  of  Iheir  junctiunM  heal  eel  in  the  man- 

rr  ahown   (fig,  70)^  cun   develop  a  ct»rrefit 

rofig    enough    to  deflect  a  compasa-needlc 

red   within;  and,  by  arranging  a  number 

,  serif*!!  and  heating  their  alterimte  end?, 

intensity  of   the   current  may  be    very 

increased.      Such   an   arrnngcmeni   it; 

thermo-electric   pile*     Melloni  con- 

ructed  a  very  small  thermo-electric  pile  of 

iii!i  kind,  containi tig  fi fly-five  sleudi-r  Imrt*  of  bismuth  and  antimony,  laid  aide 
f  9tde  and  i^ioldered  together  at  their  alternate  ends^  as  nhown  in  natural  size 
I  fig  "1.  He  connected  thia  pile  with  an  cxceed- 
ite  multiplier,  and  fmnid  hinit^elf  In 
ion  of  an  injitrument  for  luea^turing 
iktion»  of  temperature,  fur  s^urpat^Mirig 
cacy  the  air-lhermotneter  in  its  most  fien* 
^formi  and  having  great  advantages  in 
ct«  over  that  instrument  when  em- 
'  the  purpoAOA  to  which  he  devoted  it. 
!  anbstanceK  whoHC  powers  of  transmtasion 
to  hv  eiamini'il  were  cut  inlu  pUtew  of  a 
'  '     iftcr    heiuj^    well 

'>  in  ft  out  of  tUc 
^  «'««f  blnckviitd 


Fi^.  70- 


llled 


jyv.7L 
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to  promote  the  abBorption  of  the  rays.  A  perforated  poreen,  the  area  of 
whose  aperture  eqaalletl  that  of  the  face  of  the  pile,  was  placed  between 
the  source  of  heat  aTi«i  the  body  under  trial,  while  a  second  screen  senred 
to  intercept  all  radiation  until  the  moment  of  the  ezperimenL 

After  much  preliminary  labor,  for  the  purpose  of  testing  the  capabilities 
of  the  apparatus  and  the  value  of  its  indications,  an  extended  series  of 

Fig.  72. 


researches  was  undertaken  and  carried  on  during  a  long  period  with  great 
success;  some  of  the  most  curious  results  are  given  in  the  annexed  table. 
Four  different  sources  of  heat  were  employed  in  these  experiments, 
differing  in  their  nature  and  in  their  degrees  of  intensity :  the  naked  flame 
of  an  oil-lamp;  a  coil  of  platinum  wire  heated  to  redness;  blackened  cop- 
per at  ZW\  and  the  same  heated  to  100^ 


(ThickneM  of  plAtt?'  0-1  laeta,,  UAarlj.) 


Rock-salt,  transparent  aud  colorleis 

Fluor-spar,  colorless 

Hock-salt,  muddy 

Beryl       ....,, 

Fluor-spar,  greenish    . 

Iceland  spar 

PI ate- glass  

Rock-crystal   .         .         ,         .         . 
Rock-crystal,  brown   . 
Tourmaline,  dark-green  . 
Citric  acid,  transparent 
Alum,  transparent .         .         ,         , 
Sugar-candy        ...         * 
Fluor-spar,  green,  tranftliieenl 
Ice,  pure  and  transpareiU  » 


TnraunJMiDn  of  100  »^ 

<if  bc<At  fnjm 

^ 

^^ 

1 

2| 

^1 

1 

u 

^ 

02 

n 

m 

m 

7B 

m 

42 

33 

05 

u 

1  m  1 

m 

64 

*M 

13 

0 

46 

m 

24 

20 

39 

1% 

© 

0  1 

39 

24 

6 

0 

£8 

2S 

6 

0 

37 

2% 

6 

0 

18 

16 

a 

0  ' 

11 

2 

0 

0 

9 

2 

0 

a 

S 

0 

0 

0 

8 

e 

4 

3 

6 

0 

0 

0 

On  ftxamining  this  remarkable  table,  which  is  an  abstract  of  one  much 
iiior«  extenMive,  the  first  thing  that  strikes  the  eye  is  the  want  of  connection 
f'f'/wtu^n  tlw  pawvrof  transmitting  heat  and  that  of  transmitting  light 
Ifikintc.  for  inf*taiwi\  the  oil-lamp  as  tY\ft  »outcc  ot  Yi^TwV".  Qut  ^1  V\v^  c^%?dl* 
/  /ir/it  n'f,rr!*vtitt'ii  by  l(K)  rays  faWmg  u\>otl  V\i<4  v^Vt,\\i^  v^cs^TV\«tt. 
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Flame. 

Red  hent. 

mp. 

100°. 

78 

69 

42 

33 

40 

38 

24 

20 

8 

tj 

4 

3 

led  by  BimiliirplAtes  of  rock-salt,  glasy.  And  alum,  maybe  eiprc?s»efl 
ly  the  oumber?*  92»  3'J,  aud  9;  and  yiM  tUcse  ho(*ic*8  tire  et^uaUy  (rans- 
fiareur,  with  respect  to  Irght.  Generally  speaking,  col^r  wan  tound  to 
intcrfc^<^  witli  the  tran.soiis.Hive  power,  but  to  a  very  um  t|uul  extent!  tUus» 
in  ftuor-spur,  colorless,  greenish*  and  deep  green,  the  ^uanLilicH  iraiismiKod 
9trt  78*  4<»,  ftnd  8,  while  the  diiference  between  colurtetij)  and  brown  roek* 
erj«Ul  wr»«  only  1.  Bodies  abscdutely  opaque,  a»  wood,  metals,  and  Idnek 
D&rbYe.  stopped  the  rays  completely,  although  h  was  found  that  the  faculty 
of  tmn^aiisston  was  po»!<esaed,  to  a  certaiti  extent,  by  some  which  were 
ftearly  io  (hat  conditioo^  an  thick  plates  of  brown  quartz,  black  mica»  and 
black  gla^e$. 

A  great  diffcreDce  ia  noticed  in  heat-rays  derWcd  from  different  Bources. 
Out  of  J  (JO  rays  from  each  source  which  fell  on  roek-saU,  the  eame  pro- 
portion w»»  alwrays  transmitted  whether  the  ra>'s  proeeedcd  from  the  in* 
tensely  healed  tiamc,  the  re<i4tot  plalinuoi  wire,  or  the  copper  at  S\fQ^  or 
lOfJ*;  but  this  is  true  of  no  other  substance  in  the  list.  In  Ihe  case  of 
p!ate-gla!i»,  we  have  the  uumberj*  !^9,  24,  (i,  and  0  as  representalivcs  of  ihp 
^comparaiive  quantities  of  heat  tratismilted  through  the  pkte  from  each 
tourcc;  or  in  three  Tarietics  of  fluor-apar,  as  in  the  following  etatement : 


Colorless 
Qreeuish     , 
Dark  green    . 

'    ■    tr^,  beryl,  out  of  100  rays  from  Hie  infen?ely  lienled  sotjrco, 

-it;   and  out  of  the  same  nuniber  (thiU  is,  an  ei]iiat  quantity 

.;.:..  xueliU  At  lUO**  none  at  all;   whiUt  nnoiher  aub.-^lance,  fliior- 

ip%r,  Irftnsmils  raya  from  the  two  sourcea  mentioned  in  the  proportion  of 

Ito  3, 

Thesr,  and  many  other  curions  phenomena,  arc  fully  and  completely  ex- 

plaifi«4  oil  the  siippoa^ilion,  that  umoufi  the  invi^^ible  ray»  uf  hen!  ditfereriees 

fcto  be  found  exactly  analogous  to  tho!<e  di}i"erence.«  i>el  ween  rayi*  of  light 

'i  we  are  aceustotned  to  call  colore.     Rock-salt  and  air  are  the  only  Mub- 

is  yet  known  which  are  trulj'  dialhermtjmfut,  or  equnll)'  tranj^parent  to 

tda  of  heat-niya:   they  are  to  the  laller  what  white  glass  or  water  ia 

ghl ;  they  sutfcr  rays  of  every  de^tcription  to  pass  with  C([ual  facilit3\ 

KW  other  bodies}  act  Uke  colored  glasses,  absorbing  certain  rays  more  abund- 

U^  than  tiie  rei»t,  and  co/orm</,  txa  it  werc^  the  heat  which  panseu  through 

tieat-tlnU  bare  no  direct-  relation  ta  ordinary  colors;  their  exiiit- 
i»^  tieveri\it\en»t  almn»t  aa  clearly  emde  out  as  thai  of  the  colored 
i)vye  of  the  *pecirnrn.     liodies  at  a  couiparativety  low  «etii]»eraiiire  eniit 
k  of  such  a  tint  only  nn  to  be  transmissible  by  a  tew  siibittaneei*:  as  the 
''RTatiire  rises,  raya  of  other  heal-eolors  begin  lo  make  their  nppearanee, 
an^ini&^ion  of  aome  portion  of  ihese  ray§  iakea  place  Ihrough  a  grewt 
butaber  of  bodiep;   while  at  iho  lemperarnro  of  intense  ignilioii   ^ve  find 
Ffaja  of  all  colora  (brown  out,  Home  of  which  will  certainly  find  their  way 
llhrotigb  a  great  variety  of  fiubslauces.     The  kind  of  raya  emiited  by  dif- 
tferent  tiodte;*  of  the  same  tcmperaiure  m  by  lio  means  (he  same,  but  seems 
mtcrially  to  depend  on  tlie  nature  of  the  radiating  body.     When  a  bundle 
of  beterogeneous  rays    paa.se?*  through  a  mcdiuni»  those  of  one  kind   arc 

_    t ■  -♦'^!!y  absorhi'dt   whilv  iliose  of  another  are  not  affect*:d.      Uy   titeir 

H  lou  ibt'ougb  the  bnily  Ibt-  raya   have  nntlergone  a  sifting:   if  now 

^^  I  •*!  ray(«  be  pfisi<ed  ihrou^'-h  n  ^ecotal  phile  of  the  same  medium,  % 

^^m»ch  »/ijm/Ur  propor/wnaJ  Iomm  tvH!  occur  than  in  the  case  of  tVic  l^rftt  \i\uVe, 
H^i/^r  fSe  r^'B  which  the  medium  rvmii]y  takea  up  are  nioalV-y  ^ikulwi 
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while  those  which  easily  pass  through  the  body  in  qaestion  arc  present  in 
more  notable  quantity.  The  same  thing  happens  when  a  number  of  plates 
are  interposed;  the  rays  after  traversing  one  plate  are  but  little  inter- 
rupted by  others  of  a  similar  nature. 

Dy  cutting  rock-salt  into  prisms  and  lenses,  it  is  eMj  to  show  that 
radiated  heat  may  be  refracted  like  ordinary  light,  and  its  beams  made  to 
converge  or  diverge  at  pleasure:  and.  lastly,  to  complete  the  analogy,  it 
has  been  shown  to  manifest  the  phenomena  of  interference,  and  to  be 
susceptible  of  polarization  by  transmission  through  plates  of  double-re- 
fracting minerals,  in  the  manner  as  light  itself. 

The  absorptive  power  of  gases  and  vapors  for  rays  of  heat  by  which 
they  are  traversed  had  long  been  neglected ;  and  it  is  only  recently  that 
we  have  become  indebted  to  Professor  Tyndall  and  Professor  Magnus  for 
some  researches  upon  this  subject.  The  absorptive  power  of  perfectly  dry 
air,  of  oxygen,  nitrogen,  and  hydrogen  in  the  state  of  purity  is  very  small; 
the  absorptive  power  of  compound  gases  and  vapors,  e.  g,  of  water-vapor, 
carbonic  oxide,  carbonic  acid,  and  more  especially  of  defiant  gas,  ammonia, 
and  the  vapors  of  volatile  oils,  is  much  greater.  The  following  table  gives, 
acconling  to  Tyndall,  the  relative  absorptive  powers  of  different  gases  for 
dark  rays  of  heat  emanating  from  copper  at  270°,  when  the  gases  are  ex- 
amined under  a  pressure  of  one  atmosphere: — 


Atmospheric  air  . 

1 

Carbon  dioxid«     . 

.     90 

Oxygen     . 
Nitrogen 
Hydrogen 
Chlorine 

Hydrochloric  acid     . 
Carbon  monoxide 

1 

.■    1 

.     39 

62 

.     90 

Nitrogen  monoxide  . 
Hydrogen  sulphite 
Marsh  gas 
Sulphurous  oxide 
defiant  gas      . 
Ammonia 

.  355 
.  3tH) 

.  403 
.  710 

.  070 
1195 

The  absorptive  power  of  a  gas  increases  with  an  increases  of  the  density, 
but  is,  in  the  case  of  gases  endowed  with  a  high  absorptive  power,  by  no 
means  proportionate  to  the  densiity. 

Uays  of  heat  of  the  above  description  are  not  capable  of  passing  through 
a  tube  8  feet  long  filled  with  ammonia  of  the  ordinary  pressure  of  the  at- 
mosphere: such  a  layer  of  ammonia,  though  quite  colorless  and  transparent 
to  light,  is  perfectly  impermeable  (it  might  be  said  black)  to  heat.  The 
element  chlorine,  though  colored  and  less  transparent  to  light,  allows  the 
rays  of  heat  to  pass  more  freely  than  the  compound  hydrochloric  acid, 
which  is  colorless  and  more  transparent  to  light.  These  examples  show 
that  the  absorptive  power  of  gases  for  rays  of  heat  is  perfectly  independent 
of  that  fv>r  ravs  of  light. 

From  Tyndall's  experiments  it  appears  also  that  vapor  of  water,  weight 
for  weight,  transconvls  all  other  gases  in  heat-absorbing  power;  so  much, 
in^leed.  that   the  aqueous  vapor  in  the  air,  though  not  amounting  on  the 
avorape  to  more  than  0-45  per  cent,   of  the  whole,  exerts  an  absorptive 
aotivin  on  heat-rays  many  times  greater  than  the  air  through  which  it  is 
diffused.     This  great  absorbing  power  of  water-vapor  has  a  powerful  effect 
in  checking  the  cooling  down  of  the  earth's  surface  by  radiation;  and  it 
is  in  great  part  from  this  cause  that  in  moist  climates,  like  that  of  Eng- 
land, the  range  of  temperature  between  night  and  day,  and  between  summer 
and  winter,  is  J'O  nnich  less  than  in  drier  climates  under  the  same  latitude. 
It  has  been   established  by  experiment,  and  likewise  theoretically  de- 
monstrated by  Kirchhoff,  that  of  two  bodies,  the  one  which  has  the  greater 
power  of  tihsorhing  rays  of  heat,  po.'i>e3ses  also  the  greater  power  of 
rM(//.tf/n/!'  them,  Mtid  thnt   the  law  menlioned  ou  \»i^fc^  ^  ik«fcw^\\i%  x^i 
trA/eh  the  poner  of  ah.«orbing  heal  is  in  dlrecV  proY'onKoxL  vo  V\vt  ^'^^t  ^t 
em/saion,  hoUh  gooil  also  for  gasc«. 
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I  PARTirULAK  specips  of  iron  ore  han  long  been  remnrkable  for  Us  prop- 
2\_  ^tiy  of  liltfACtlfig  :!*mu!l  p'leccA  ttf  iroo,  and  cuusiiig  L\mm  lo  adliere 
Ut  it«  iurf«ee;  it  is  allied  londj«toiii?^  or  miignetjc  kun  ore. 

If  a  pi«cc  of  thii»  loadstone  be  carefully  cxiiDiined^  it  wU!  be  found  UiAt 

thr  attractive  forue  for  particle}*  of  iron  i»  grt^utest  nt  certain  parrieuljir 

poliiit.s  of  its  frurfHce,  while  elaewberc  it   is  much  diminished  or  even  alto- 

g(^i(tc'r  ahscnt.     Tliesc  attraetive  poititt<  are  dt-nomiiiated  poles,  aad  llie 

lo»«l9ton<!i  itself  is  said  to  be  i-ndowed  witli  inognelic  polnrity. 

_   If  one  of  the  pole*surfacea  of  a  natural  laailstonc  bo  rubbed  in  a  pnrtic- 

\r  manner  orer  a  bar  of  steel,  its  cbaractfrislic  propertici*  will  be  com- 

Eintoated  to  the  bur,  which  will  then  be  found  to  atti  aet  inin-filingslike  lUe 

Istotie  itself     Further^  the  attractice  force  will  appear  »o  be  greatest  at 

to  points  situated  very  near  tbe  extremities  of  the  hnr,  and   least  of  all 

Awards  the  middle.     The  bar  of  steel  ao  treated  ia  »aid  to  be  niagoetiied^ 

to  constitute  an  ariitiDial  magnet. 

When  a  magnetized  bar  or  natural   magnet  \b  suspended  at  its  eentre  in 

ny  convenient  manner,  so  sis  to  be  free  to  move  in  a  liorhonlal  pbine,  it  is 

lwAy.«i  found  to  a^tnume  a  particular  direetion  with  rejianl  to  the  eartb,  out!! 

end  pointing  nearly  north  and  the  other  nearly  ttoiith.     If  the  bar  be  moved 

fro«n  ibis  position,  it  will  tend  to  rea^sume  it,  atiti,  after  a  few  oscillations, 

nettle  lit  re*it  a-*  before.     The  pole  whieb   pointri  tow^irds  the  astronomieal 

Dorib  19  usually  distinguished  as  the  north  pole  of  the  bar,  and  that  ivhieh 

P  ifhward,  as  the  3011th  pole.      A  suspended   tiuignet,  either  natural 

I,  of  symmelrieal  form,  serves  lo  exhibit  certain  phenomena  of 

i^i.i..:  ...r,k  and  repulsion  in  the  presence  of  a  second  magnet,  which  dc- 

«ierTe  particular  attention.     When   a  north  p.de    h  presented   to  a   south 

pole,  era  «outb  pole  lo  a  north,  attraction   en-iuca  between  ihem;   the  ends 

of  ihe  bars  approach  each  otb^^r*  and,  if  permitted^  adhere  with  considerable 

forte:   when,  on  the  other  hand,  a  north   pule  h  brought  near   a   necoiid 

north  pole,  or  a  SMith  pole  near  another  south  pole,  mutual  repulsion  is  ob» 

perved.  ami  the  ends  of  the  bars  recede  from  each  other  nn  far  ns  possible. 

~»lfjt  of  an  oppoJtifc  n*ime  aitract^  and  f*f  tt  ^imiiar  namr  rrpd  aich  othrr.      Thus, 

»mall   bar  or  needle  of  steel,  properly  magnet iised  and  suspended,   and 

KTing  it*  poles  marked,  beeonies  an  itis^trument  fitted  not  only  lo  discover 

be  ei^istence  of  magnetic  power  in  other  bodies,  but  to  estimate  the  kind 

"pobiriiy  affected  by  ibeir  different  parts. 

A  piece  of  soft  iron  brought  into  ths*  neighborhood  of  a  magnd  acquires 

ielf  magnetic  properties:   the   intensity  of  the  power  thus  conferred  de- 

fcnd-i  upon  that  of  the   tnagne*   and  upon  the  jnt*Tval  which  dividps  the 

ro,  beeoniing  greater  as  that  interval  decreases*  and  greatest  of  all  when 

\  actual  contact.     The  iron,  under  these  circnmstanees.  is  said  lo  be  nuig- 

i^tiied   by   induction   or    influence*   and   the   effect,   which   in   an   instant 

VAcheti  its  maximum,  ia  at  once  destroyed  by  removing  the  magnet. 

When  steel  is  substituted  for  iron  in  tliis  experiment,  the  inductive  action 

I  hardly  perceptible  at  first,  and  onlj  becomes  m^inifeHt  after  Ibe  \wp*e  <vt 

[rmrlMhi  iJmt*:  in  this  condition,  when  the  Mq^^X  biir  \^  removed  trtuu  V\\tt 

gm^t,  ii  retnmsi  a  porthm  oftbe  induced  polarity.     U  becymeA,  U\^^<t4, 
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a  permanent  magnet,  similar  to  the  first,  and  retains  its  peculiar  properties 
for  an  indetinitc  perio<l. 

A  particular  name  ih  giTon  to  this  rcHintance  which  steel  always  offers  in 
a  greater  or  less  ilcgreo  both  to  the  dcvi'lupment  of  magnetism  and  its  sub- 
suqiient  deMtrnotion;   it  is  called  ttptcijlc  coercive  power. 

The  rule  which  regulates  the  induction  of  magnetic  polarity  in  all  cases 
is  exceedingly  nimplc.  and  most  important  to  be  remembered.  The  pole 
proiluccd  is  always  of  the  opposite  name  to  that  which  produced  it,  a 

north  pole  deyeloping  south  polarity, 
and  a  south  pole  north  polarity.  The 
north  pole  of  the  magnet  figured  in  the 
sketch  induces  south  polarity  in  all  the 
nearer  extremities  of  the  pieces  of  iron 
or  steel  which  surround  it,  and  a  state 
similar  to  its  own  in  all  the  more  remote 
extremities.  The  iron  thus  magnetised 
is  capable  of  exerting  a  similar  induc- 
tive action  on  a  second  piece,  and  that 
upon  a  third,  and  so  to  a  g^eat  number, 
the  intensity  of  the  force  diminishing 
as  the  distance  from  the  permanent 
magnet  increases.  It  is  in  this  way 
that  a  magnet  is  enabled  to  hold  up  a 
number  of  small  pieces  of  iron,  or  a 
bunch  of  filings,  each  separate  piece 
becoming  a  magnet  for  the  time  by  in- 
duction. 

Magnoiic  polarity,  similar  in  degree  to  that  which  iron  presents,  has 
boon  found  only  in  some  of  the  compounds  of  iron,  in  nickel  and  in  cobalt. 
Mjignetio  attVneiious  and  repulsions  are  not  in  the  slightest  degree  inter- 
fered with  by  the  interposition  of  sub^tances  destitute  of  magnetic  proper- 
ties. Thiek' plates  of  glass,  shellac,  metals,  wood,  or  of  any  substances 
except  those  above  mentioned,  may  be  placed  between  a  magnet  and  a  sus- 
peutleil  needle,  or  a  piece  of  iron  under  its  influence,  the  distance  being 
preserved,  without  the  least  perceptible  alteration  in  its  attractive  power, 
or  force  of  induction. 

One  kind  of  polarity  cannot  be  exhibited  without  the  other.  In  other 
words,  a  magnetic  pole  cannot  be  insulated.  If  a  magnetized  bar  of  steel 
be  broken  at  its  neutral  point,  or  in  the  middle,  each  of  the  broken  ends 
aei)uires  an  opposite  pole,  so  that  both  portions  of  the  bar  become  perfect 
nnjrnet^:  an»l.  if  the  division  l>e  carrietl  still  further,  if  the  bar  be  broken 
int»»  a  hundreti  pieces,  each  fragment  will  be  a  complete  magnet,  having 
its  own  north  and  south  polo«. 

Tlii*  experitueiit  serves  to  show  very  clearly  that  the  apparent  polarity 
of  the  bar  i.«  the  consequence  of  the  polarity  of  each  individual  particle. 


\ 
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tht*  fu*!rit  of  the  hir  boing  merely  po\nt»  xYiToufVi'wYixcVVl^^TcaultAnts  of 
Jtfi  thvst*  /i>ivr.<<  ;>,i^^ ;  I  ho  Urgoskt  magnet  \sYnA<\«  xi^  ot  iA.\iBLTaci»%'n»n!\Mt 
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tf  little  mikf'net 9  ti'giolnrly  ftrrftngcd  side  by  9ide»  nil  Hiavin^  th<*iT  nnrni 

|wlr*  locikin^  one  wny*  iiml  tlicir  soutb  pol«^8  I  be  other.     The  rni<l«Uf'  porlion 

T  u  eiiiinr**  possibly  exhii*it  Rttraetive  or  rcpiilMirc  pfft't't**  «n 

y.  hocnu>«e  cnch  pok-  is  in  close  jiislftpo^ition  wi(h  ori<*  of 

I.  ..ac  and  of  eqinl  power  j  hence  (heir  forees  will  lie  exfrtcd 

direction**  iitid  ncatraliie  each  other's  influence.     Such  will  not 

I  .' at  the  oxtrcmitjcfl  of  the  bjirr  fhcre  uneonipensated   polarity 

irill  bfj  found  oaptiblc  of  exert inp;  iia  specific  povirf»r. 

thtii  idea  of  regrilar  poT»iniatitm  of  purticles  of  luntter  in  virtue  of  a 

pair  of  opposite  and  eqnal  force*,  is  not  confined  to  niiip^netic  phenciincnii; 

it  it  lh«  It  ading  principle  in  electrical  scjcncc,  nnti  'j3  constantly  reprodiict'd 

tm  or  other  in  every  discussion  involving  the  conHideration  of 

Inrces. 

■iiu.i-.^I  steel  mftgnets  are  made  in  a  great  variety  <>f  forme:  such  as 

ight  needles,  mounted  with  tin  ngate  cap  for  Btippen^ioti  upon  a  fine 

trraighi   bars  of  various  kinds;  bars   curved   inio   th<*  whnpp  of  a 

ke»     All  these  have  regular  pnlarilj  commimicultd  to  I  htm  by 

lifocesses  of  rubbing  or  touching  witli  nnother  ningnet^  which  rc- 

liar*?,  but  nre  not  otherwise  difficult  of  ext^cut ion,     Whfn  grcjit  power 

wislied  for.  a  number  of  barw  mny  bo  scrcw*>d  togetber,  wiih  (heir  similar 

is  In   contact,  and  in  this  way  it   is  easy  to  construct-  pcrmuni*nt  steel 

gncts   cnp^ble  of   su^tnining    grent   Wfightp.     To  prevent   the  gruduiil 

»triK'iion  uf  niagTjctio  force,  which  would  olberwise  occui%  it  U  usual  to 

cnch  pole  with  a  piece  of  soft  iron  or  keeper,  which,  bi'Ct»ming  ning- 

ttced  by  induction,  serves  to  sustain  the  polarity  of  the  bar,  and  in  souio 

les  even  increases  its  energy. 

The  direction  spontfineously  a'^sumed  liy  a  suspendei!  needle  indicates 

t  the  earth   itself  has  the  properties  of  nn  eiiornious   magnet,   whoso 

ilh  magtielic  force  is  concenli'ated  in  the  nor) hern  hemisphere,     A  line 

'  r  two  poles  of  such  A  needle  or  bar  indicates  the  direction  of  the 

iffnrdr  mrrulttn  of  ihc  place,  which  is  a  vertical  plane  coincident 

....  i...    uroetion  of  the  needle. 

The  magnetic  nierittian  of  a  [dace  is  not  usually  coincirlent  with  ils  geo- 

Rapbieal  nteridian,  but  tn;ikes  with  the  latter  a  certain  single  culled  iho 
^tnaiktn  of  the  needle. 
The  amount  of  the  declination  of  the  needle  from  the  I  rue  north  and 
uilt  not  oaly  varies  at  different  place*^,  but  ia  the  same  pliice  is  subject 
daily,  yearly,  and  secular  fluctuation'*,  which  are  called  the  variaiiona 
dectiniition.  Thus,  at  the  commenceuient  of  the  17th  century,  the  de- 
eltTtaiion,  in  London,  was  eastwanl ;  in  UWiO  It  wa,'^  0;  that  is,  the  needle 
pointed  tlut*^  north  and  south.  Alter  wards  it  becaiue  weitit'rly  sluwly  in- 
er««sing  until  the  year  1818,  when  it  rejicbc'l  2P  811';  since  which  time  h 
lias  been  slowly  diminishing,  and,  in  the  pre!*ent  year  (IH(IH)  it  is  *J0'  Ity, 
Of  late  (be  march  of  the  daily  variations  of  dcclinntion  has  been  care- 
.  fully  compared  with  the  positions  of  the  stun  as  well  ns  the  moon  at  iha 
^T«or responding  period.  This  iiuiuiry.  suggested  by  Oenernl  8nbine,  and 
BHbarried  on  for  a  number  of  years  in  scvenil  localities,  has  led  to  the  re- 
■"^"niar liable  result  that  these  celestial  bodies  exert  n  definite  influence  upon 
ibc  magnetic  needle,  and  must  therefore  be  considered  as  mngnets,  like  the 
earth  itself 

If  a  steel  bar  be  supported  on  a  horizontal  axis  passing  exactly  through 
it«  ecDtre  of  gravity,   it  will   of  course   remain   equally   Imlunced   in   any 
po^itt'tn  ill  which  it  mny  happen  to  he  placed;   if  the  bar  s<p  adjusted  be 
i),Hn  magnntixed,  it  will  bp  lutind  to  take  a  permanent  directirmH,  the  tuivth 
■^j»*  down irar/M  HtitJ  the  har  making,  \n  London,  an  ang\Q  o(  ft\\<.n\\. 

^mk-  hothoiUnl  phtw  pn-iiting  through  the  axis.     This  i«  caWeiV  \\\<i 

^^^^        yur,  nr  the  xtceak%  ami  ^iww!*  tb>  direction  in  wVkH  t\\e  tovc« 
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of  ierrestrinl  magnetism  is  most  energetically  exerted.  The  amount  of  this 
<lip  i»  different  in  different  latitudes.  Near  the  equator  it  ih  very  small, 
the  needle  remaining  nearly  or  quite  horixontal;  as  the  latitude  increases, 
the  dip  becomes  more  decided ;  and  over  the  magnetic  pole  the  bar  becomes 
completely  vertical.  Such  a  situation  is,  in  fact,  to  be  found  in  the  northern 
hemisphere,  ctmsiderably  south  of  the  geographical  pole,  on  the  west  coast 
of  llouthia  Felix,  lat.  70°  5^  N.  and  long.  %°  46^  W.  ;  the  dipping-needle 
has  here  been  seen  to  point  directly  downwards,  while  the  horiiontal  or 
compass-needle  ceased  to  traverse.  In  the  southern  hemisphere  it  is  the 
t<outh  polo  which  dips.  The  position  of  the  south  magnetic  pole  has  been 
deterniined  by  the  observations  of  Captain  James  Roes  to  be  about  lat 
7;i°  S.  and  long.  130°  F. 

\\y  observing  a  great  number  of  points  near  the  equator  in  which  the 
dip  becomes  reduced  to  nothing,  a  line,  cutting  the  equator  in  two  points, 
may  be  traceil  nround  the  earth,  called  the  magnetic  equator,  snd  on  both 
sides,  a  number  of  smaller  closed  curves  called  lines  of  equal  dip.  These 
lines  present  great  irregularities  when  compared  with  the  equator  itself 
and  the  parallels  of  latitude,  the  magnetic  equator  deviating  from  the  ter> 
rest  rial  one  as  much  as  V2°  at  its  point  of  greatest  divergence.  Like  the 
hori<iuital  declination,  the  dip  is  also  subject  to  change  at  the  same  place. 
tUiM'rvaiions  have  not  yet  been  made  during  sufficient  time  to  determine 
aoeuratelv  the  law  and  rate  of  alteration,  and  great  practical  difficulties 
exist  also  in  the  construction  of  the  instruments.  In  the  year  1773,  it  was 
about  T-"'':  in  London  at  the  present  time  it  is  07°  57'. 

The  iuthioiive  power  of  the  magnetism  of  the  earth  may  be  shown  by 
holdiuj;  in  a  vertioal  position  a  bar  of  very  soft  iron;  the  lower  end  will 
be  lound  to  possess  north  polarity,  and  the  upper,  the  contrary  state.  On 
rx'versing  the  b:«r,  the  poles  are  also  reversed.  All  masses  of  iron  what- 
e^  or.  \^  hon  ex.imined  by  a  suspended  needle,  will  be  found  in  a  state  of 
m.>i):uotio  |M(arity  bv  the  intiuenoe  of  the  earth:  iron  columns,  tools  in  a 
smiiUN  shop.  tin'-ir\Mi<,  and  other  like  objects,  are  all  usually  magnetic, 
and  iho^e  made  ol^  ste^l  permanently  so.  On  lioard  ship,  the  presence  of 
so  u):in\  lar^re  ma>se:5  of  iron — guns,  anchors,  water>tanks.  &c.,  —  thus 
p,'lAi-itod  l\x  the  esirih.  causes  a  derangement  of  the  compasa-needles  to  a 
\*r\  d*r^*rous  e\ieni :  hai-pily  a  plan  has  been  devised  for  determining 
ihe\me.;n:  of  x\.\<  \val  attraction  in  different  positions  of  the  ship,  and 
M'.^^kUtc  't;r»;*bV  correct  ion*. 

Vho  :^^M:uor*s  cxM;i}>a:f^  mhioh  is  nothing  mor«  than  a  suspended  needle 
A-Mx'.\^si  ;o  a  orvuUr  oanl  u-.*rke^i  with  the  points,  was  not.  in  general  use 
i:\  V.;*.v'.v  Vo:.»^v  ;V.o  xear  !;^V.  a'.though  ihe Chinese  have  had  it  from  very 
c  '^  ^ '  >  **.'.-.■..;;;  v.  \  I :  n  \  *'. ;:  e  :  o  i  h  e  nav  i  pat  or  i  s  n  o w  very  much  i  ncreased  by 
xv?^V)  o'-^vt^A  -.-'.:'«  ot  the  exact  amount  of  the  declination  in  varioiu 

l^v><>,\  *-x*-\x  <;'N*:^r»^  ir.  the  worM  contributes  something  to  the 
""*^","  V  *»..'"  or'  :.>ccAr;>. .  !Vr  avNs^r-iing  to  the  latest  discoveries  of 
>'*•  *  ^x  r«i"«-  xr.'.  r<  r,^:  tHv  vV^r  t»*  thc*e  suh<!ances  which  have  more 
o>;vn   «'  >  Nvr.  »*»:\m  rtirc:  ,-.  *uch  *<  irx-^B.  nickel,  cobalt:   but  it  is  the 

V  N';v'  X  .-;  *'*  — .'  *X  ■. >..^,:c>.  :.^  »  rr.uch  <»aiWr  d<gre«.     Very  powerful 

V  *i",'  X  4-v  ^Ns:  ; --^i  •.*  *****  ••>  *  rc»arkab>  fact  Large  horse-shoe 
'  «i-,  V  t.-o  :'\  .'',*  *o  -r.  .-:  ;:.c  c'ectric  current,  are  most  proper.  The 
-  ^„v, .  ,  «,  .>-.;■!*»•  TV".  s.:>v»ro<^«  w'rich  are  capable  of  being  easily 
^  ,  \o-,  ^x  -x  -  .  .  .-r.  .\  *xN  .  T'""  -j[  ■**  :i:e  *"«•.  b;;t  a!so  a<>cording  to  the  na- 
.  .  V  ,-      "^o  X  -^x  ^-,v      '-  ,-"*f-.  ..<'r,*^  ."■  :>-Jk  Far*day  divides  all  bodies 

^    ■    «  '  ,   4vv,'x      S«*  X*    ^    ■\,-   -a^  7rkfx<:.c,  »»-r.  better,  /smnadyar/ir,  and 
/ ».-        .•     .   .  .      .    ■ 
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Iftrntf  neftc  body  is  r^pell^.  When  a  small  iron  bar  is  hitisg  by  unt  wi«r©d 
ilk  birtweeni  the  pole!4  of  the  miigrict,  ?o  tbmt  its  long  diuuiHer  can  ejtf^Oy 
|ov«  in  %  hori«omal  plane,  it  Htraoges  itself  a xi ally,  tlmt  is*  parallel  to  tlic 
Irtkif^ht  line  wbich  joins  the  poles,  or  to  the  magnetic  axis  of  I  be  pok'«; 
psuming  at  (he  eml  whicli  i«  nearest  the  north  pole,  a  t^outh  pate,  nml  at 
be  end  nearest  the  south  pole,  a  north  pole.  Whenever  »he  tittle  har  in 
icoiore*!  from  ibis  pojiition^  after  a  few  ogciUatjon<«,  it  returns  again  to  its 
ireviatis  position.  The  whole  cUfi.s  of  paramagnetit.*  bodies  behave  in  a 
rect^ely  similar  way  under  similar  ci  re  urns  Lane  ea ;  btiL  in  the  intensity  of 
be  effects  great  differences  occur, 

Diamagneiic  bodies,  on  the  contrary,  bate  their  long  diameters  placed 
qualorislly,  that  is,  at  right  angles  to  the  magnetic  axis.  They  behave, 
V  if  at  the  end  opposite  to  each  pole  of  the  magnet  the  same  kind  of  po- 
irily  ext§ted. 

In  the  first  class  of  fubstancea,  besbles  iron,  which  is  the  be^^t  represent 
itiTe  of  the  class,  we  have  nickel^  cobtilt,  mani^anese,  chroiuium,  crinm,, 
Itanium,  palladium,  plalinutn,  otimium,  aluminium,  oxygen,  iind  also  most 
f  the  compounds  of  these  bodies;  most  of  them,  even  when  in  solution. 
Lccording  to  Faraday,  the  following  snbstan^cus  are  abo  feebly  parauiag- 
ictic  (magnetic):  paper,  sealing-wax,  Indianink,  porcelain,  awhctitoa, 
Idor-tpar,  minium,  cinnabar,  binoxide  of  lead^  Hulphate  of  zinc^  tourma- 
ine,  graphite,  and  charconL 

In  the  second  clrtss  are  placed  bismuth,  antimony,  line,  tin,  cadiniutn, 
odium,  mercury,  lead,  silver,  copper,  gold,  arsenic,  uranium,  rli indium, 
Hdiiim,  tungsten,  phosphorus,  iodine,  sulphur,  chlorine,  hydrogen,  and 
lany  of  their  compound».  Also,  glass  free  from  iron,  water,  aleobol, 
lli^r,  nitric  acid,  hydrochloric  acid,  resin,  wax,  olive  oIK  oil  of  turpentine, 
^^^bonc,  ifugar,  starch,  gutii,  and  wood.  These  are  dianingnetic. 
^^■iiamagnettc  and  paramagnetic  bodies  are  combined,  their  peculiar 
^^Kfties  are  destroyed.  In  most  of  these  compounds.,  ocra^lonally,  in 
^^kc|neuoe  of  the  presence  of  the  smallest  qnai^tiiy  of  iron,  the  peculiar 
P^^eito  power  remains  more  or  less  in  excels.  Thus  green  bottle-glass 
ind  muny  varietieis  of  crown  glass  are  magnetic  in  consequence  of  the  iroa 
bey  contain. 

*  In  order  to  examine  the  magnetic  properties  of  fluids,  they  are  placed  in 
itry  Ihin  glass  tubes,  the  ends  of  wliicb  are  then  closed  by  melting;  they 
Ire  then  hung  horitontally  between  the  poles  of  the  magnet.  Under  the 
bfluence  of  poles  sufficiently  powerful,  they  begin  to  swing,  and  according 
H  the  fluid  contents  are  paramagnetic  (magnetic)  or  dtamagoetic,  they 
beunie  an  axial  or  etiuatorial  position. 

'  Faraday  has  tried  the  magnetic  condition  of  gases  in  different  ways. 
^e  method  consisted  in  making  soap-bubbles  with  the  gas  which  h© 
rtshed  to  inve,Htigate.  and  bringing  these  near  the  poles.  Soap  nnd  water 
lone  is  feebly  diamagnette.  A  bubble  filled  ivith  oxygen  was  strongly 
Itractcd  by  the  magnet.  All  oilier  gases  In  the  air  are  diiimaguetic,  that 
I,  they  are  repelled.  Hut,  as  Faraday  has  shown,  in  a  different  way,  this 
UTi\j  arises  from  the  paramagnetic  (magnetic)  property  of  the  air.  Thus 
b^teund  thai  nitrngcm,  when  this  ititferential  action  was  eliniiiiatpd,  was 
Hp^tly  indifferent,  whether  it  was  con<tensed  or  rarefied,  whether  cooled 
Pliated.  When  the  temperature  is  raised,  the  diamagnelic  property  of 
|Mtf  in  the  air  is  increased.  Hence  the  flame  of  a  candle  or  of  hydrogen 
I  «trnngly  repelled  by  the  magnet.     Even  wartn  air  is  diamagnetic  in  cold 

\  For  lotne  time  it  had  been  bftltcved  that  bo<lles  in  a  crystafline  form  had 
\ttpvvml  **n*l  pt^cuUnr  bebnrlor  nhea  /i/iiced  bel'ueeo  the  polea  ot  vi  ivm*;,- 
//  i»p/'f fired  ajf  though  the  mugttetw  directing  power  of  lUo  CTNftVaV  i 
"--f  pecu/j^r  re/^i/ou  to  the  poBUion  of  its  optic  iirU  ;  BO  Uitki,  VuO^«- 
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p^niiently  of  the  mngno(ie  property  of  the  ^ulisiance  of  th(*  crysUU  if  tli 
crjslal  was  poHitively  opticul.  il  po»8e,'<si'(l  tlu^  powi'p  of  ftliicing  iis  npjii 
axis  pnmllcl  xsihh  tbt*  lint'  Mrliich  joined  !lic  jjule*  oT  (Ik*  niitfriu't.  while 
optionlijr  nefTAtivc  crjiiTjilii  (rifd  in  fti-nm^^'  thtir  iixi^  iit  i  i^rlit  tim^ka  to 
this  line.  This  i^iippo^ition  is  disproved  by  tin?  t'XcetlciU  iin  eNtiguiiou  «f 
TjrLiilull  und  KtiobhiiHdi,  wlio  showed  (hat  ex*rep(ioii,H  to  the  above  Inw  ore 
furnishe*!  by  all  ehisses  of  cr3'sinl«,  and  proved  ihiit  the  action,  ini^tcad  of 
bcijifi:  ivitfi'petideijl  of  ihu  niagi]€^(ic  nature  of  the  masii^  wfts  complpddy  r 
Tt?rsed  where,  in  isoinorphouri  crystnlta,  &  luugniftiit  const liuent  wiis  mth» 
tilled  for  fi  diamapnetic  one.  Rejecting  the  viirions  new  forces  a»ssnnie 
TynrlaU  and  Knybhaieh  referreil  the  obiienrcd  phtnomena  to  ih<*  ujodifi- 
Ciitiun  (if  the  magnetic  force  by  strueture*  nn<l  (liey  imitated  (he  effeets 
exncdy^  by  uieaiiia  of  sahstances  whose  structure  hail  been  modifird  by 
conipreseion.  In  a  Inter  iiive?'tigation,  Tyiulall  denaoiiiatrated  the  funda- 
menial  principle  on  which  (bene  pbenoniena  dej^end,  nhowing  tliatthe  ftifir^ 
Wirt**  of  a  magnetio  body  U  mo^t  strongly  athue(cd  when  the  nttracting 
force  ucttj  parallel  to  (be  line  of  eompre.<«ion ;  and  that  a  diatnagnetic  aub* 
stiiiice  lA  moat  strongly  repelled  when  (he  repulsion  acta  along  the  eaino 
line.  Hence  when  such  a  body  J8  freely  suspended  in  the  niagne(ic  fields 
tbi^  line  of  eompresjiion  mnF<t  set  axial  or  equatorial,  nceordtng  as  the  finiRS 
i-^  magnetic  or  diamagnctic.  Faraday  was  the  firsl  to  establitih  a  differrn- 
tial  aetion  of  this  kind  in  tlie  case  of  bifiniith  ;  Tyndalil  ex(en«k'd  it  (o 
several  magnetic  and  diamagnetio  crystals,  and  showed  tiiat  it  was  not 
confined  lo  ihenu  but  was  a  general  property  of  umtler*  It  was  al?o 
proved  ibui  for  (l  fixed  diwtJince  llie  atlrntdion  of  a  mngnclio  sphere,  and 
the  repulsion  of  a  dift(uagnetic  sphere,  followed  prceji*ely  the  f^amc  law, 
both  being  eiaeily  proportioned  to  the  square  of  the  exciting  eurrent. 

The  phenomena  of  dlamagnetinm  naturally  suggest  the  inquiry,  whether 
the  repulsion  exerted  by  a  magnetic  pole  on  dianiagnetic  bodies  is  a  force 
distinct  from  tiuit  of  magnet tsm  as  exerted  upon  iron  and  other  bodies  of 
the  magnetic  class;  or  whether,  on  the  other  baud,  the  magnetic  and  dift- 
imigaetic  conditions  of  matter  are  merely  relative,  so  that  all  boflies  are 
magnetic  in  diiferent  degrees^  and  the  apparent  repulsion  of  a  dinmagnetio 
body*  such  as  bismuth,  is  merely  the  result  of  its  being  u1(rj*cted  by  ibo 
magnet  less  than  the  particles  of  the  surrounding  nieiliuin,  just  a^  a  balloon 
r(»cc>ieti  from  the  earth  beeiiuirie  Ua  weight  is  Icsh  than  tbnt  of  an  equal  bulk 
of  the  surrounding  air.  Ii  is  Busy  to  show  that  the  >ame  body  may  appear 
mngueiic  or  ditiinagnetic,  ncconling  lo  the  medium  in  wliieli  it  is  placed 
FerroLiB  sulphate  U  a  magnetic  ^nb»tanee,  and  water  is  diamagnelic  :  bcncc 
it  is  possible,  by  varying  the  strength  of  an  ai^tjeous  solution  of  this  salt, 
Lo  make  it  either  inugneiict  inilitTerent,  or  dianmgnetic  when  sui-pended  in 
air,  Again,  a  tube  containing  a  ^olution  of  ferrous  protueulphatc  suspended 
horiiontally  wi(bin  ajar  also  filbd  with  a  solution  of  the  mme  salt,  and 
placed  between  the  poles  of  two  powerful  electro-magnets,  will  place  itself 
axittlly  or  equatorially,  according  nn  the  eobition  contained  in  it  is  stronger 
or  weaker  than  that  in  the  jar.  In  the  same  manner,  then,  we  may  conceive 
that  bismuth  places  itself  equatorially  between  two  magnetic  pules,  because 
]|  18  less  magnetic  than  the  surronnding  nir»  lint  the  ilinimignctism  of 
biatnuth  and  otbi^r  bodies  of  the  same  class  shows  it^^elf  in  a  vacuum  as 
well  aa  in  ftir:  hence,  if  dianmgnetism  is  not  to  be  regarded  as  n  distinct 
force»  we  mufti  suppose  that  the  cJher  is  also  magnetic,,  and  occupies  in  I  he 
magnetic  scale  the  place  intermediate  between  magnetic  and  diamagnelic 
budirs. 

That  A  body  suspended  in  a  medium  of  greater  magnetic  susceptibility 
fJ/a/j  itself  wiU  recede  from  a  magnetic  pole  in  its   neighborhomt,  in  con- 
jft^f/ijefwe  of  tJie  greater  force  with  wbich  the  pavWeWa  ot  vlu-i  medium  are 
JiopeJ/tfd  tonards  the  nrngaiH,  in  no    obvious  a  censequcivc*  ^t  mttWwWvV 
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laws  that  we  can  scarcely  aToid  attributing  the  moyements  of  diamagnetio 
bodies  to  the  cause  just  mentioned ;  at  least,  when  the  body  is  suspended  in 
air  or  other  magnetic  gas.  There  is,  however,  some  difficulty  in  reconciling 
the  above  described  phenomena  of  compressed  and  crystallized  bodies 
with  this  Tiew;  and,  moreover,  Tyndall  has  shown,  by  a  method  which 
we  cannot  here  describe,*  that  diamagnetic  bodies  possess  opposite  poles, 
analogous  to  those  of  magnetic  bodies,  each  of  these  poles  being  attracted 
by  one' pole  of  a  magnet  and  repelled  by  the  other.  This  polarity  shows 
decidedly  that  the  properties  of  diamagnetic  bodies  cannot  be  wholly  due 
to  the  differential  action  above  mentioned ;  for  if  they  were,  every  part  of 
a  diamagnetic  body  would  be  repelled  by  either  pole  of  a  magnet.  Dia- 
magnetism  must  therefore,  for  the  present  at  least,  be  regarded  as  a  force 
distinct  from  magnetism. 

•  Phil.  Trmna.,  1855  And  1850.  Sm  al«o  Watta's  Dictioiuiry  of  Cbemiatrjr,  vol.  iii.  p.  778. 
10» 
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ELECTEICITY. 

IF  glass,  amber,  or  sealing-wax  be  rubbed  with  a  dry  cloth,  it  acquires 
the  power  of  attracting  light  bodies,  as  feathers,  dust,  or  bits  of  paper: 
this  is  the  result  of  a  new  and  peculiar  condition  of  the  body  rubbed, 
called  electrical  excitation. 

If  a  light  downy  feather  be  suspended  by  a  thread  of  white  silk,  and  a 
dry  glass  tube,  excited  by  rubbing,  be  presented  to  it,  the  feather  will  be 
strongly  attracted  to  the  tube,  adhere  to  its  surface  for  a  few  seconds,  and 
then  fall  off.  If  the  tube  be  now  excited  anew,  and  presented  to  the  feaiher, 
the  latter  will  be  strongly  repelled. 

The  same  experiment  may  be  repeated  with  shellac  or  resin;  the  feather 
in  its  ordinary  state  will  be  drawn  towards  the  excited  body,  and,  after 
touching,  again  driven  from  it  with  a  certain  degree  of  force. 

Now,  let  the  feather  be  brought  into  contact  with  the  excited  glass,  so 
as  to  be  repelled  by  that  substance,  and  let  a  piece  of  excited  sealing-wax 
be  presented  to  it:  a  degree  of  attraction  will  be  obserred  far  exceeding 
that  exhibited  when  the  feather  is  in  its  ordinary  state.  Or,  again,  let  the 
feather  be  made  repulsive  for  sealing-wax,  and  then  the  excited  glass  be 
presented :  strong  attraction  will  ensue. 

The  reader  will  at  once  see  the  perfect  parallelism  between  the  effects 
described  and  some  of  the  phenomena  of  magnetism,  the  electrical  excite- 
ment having  a  twofold  nature,  like  the  opposite  polarities  of  the  magnet. 
A  body  to  which  one  kind  of  excitement  has  been  communicated  is  at- 
tracted by  another  body  in  the  opposite  state,  and  repelled  by  one  in  the 
same  state;  the  excited  glass  and  resin  being  to  each  other  as  the  north 
and  south  poles  of  a  pair  of  magnetized  bars. 

To  distinguish  these  two  different  forms  of  excitement,  terms  are  em- 
ployed which,  although  originating  in  some  measure  in  theoretical  views 
of  the  nature  of  the  electrical  disturbance,  may  be  understood  by  the 
student  as  purely  arbitrary  and  distinctive :  it  is  customary  to  call  the 
electricity  manifested  by  glass  rubbed  with  silk  positive  or  vitreous^  and  that 
developed  in  the  case  of  shellac,  and  bodies  of  the  same  class  rubbed  with 
flannel,  negative  or  resinous.  The  kind  of  electricity  depends  in  some  measure 
upon  the  nature  of  the  surface  and  the  quality  of  the  rubber;  smooth  and 
perfectly  clean  glass,  rubbed  with  silk,  becomes  positive,  but  when  ground 
or  roughened  by  sand  or  emery,  it  acquires,  under  the  same  circumstances, 
a  negative  charge.  Glass  dried  over  a  gas  flame  and  rubbed  with  wool  is 
generally  also  negative ;  when  dried  over  a  fire  of  wood-charcoal  it  remains 
positive. 

The  repulsion  shown  by  bodies  in  the  same  electrical  state  is  taken  ad- 
vantage of  to  construct  instruments  for  indicating  electrical  excitement  and 
pointing  out  its  kind.  Two  balls  of  elder  pith,  hung  by  threads  or  very 
fine  metal  wires,  serve  this  purpose  in  many  cases:  they  open  out  when 
excited,  in  virtue  of  their  mutual  repulsion,  and*  show  by  the  degree  of 
divergence  the  extent  to  which  the  excitement  has  been  carried.  A  pair 
of  gold  leaves  suspended  to  a  metal  rod  having  a  brass  plate  on  its  upper 
end  constitute  a  much  more  delicate  arrangement,  and  one  of  great  value 
j'n  aJJ  e/ectrlcaJ  investigatiotta.     The  rod  should  \)e  coN^jvcd '^jxvli  a  thick 
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Ing  of  shellac*  imil  it  musL  bo  fastened  by  means  of  a  cork,  ftir-tight, 
feio  ft  glftss  flask.  The  flask  must  have  bi'cn  perft'i-lly  driod  jirevioualy  by 
fruriiilDg  iL     Tiiese  iii«trumciits  are  CiiUed  elect  rose  upos  or  eleclrumeterii : 

F(ff.  IS,  Ft)j.  76, 


i 


irben  excited  by  the  commimicfitinn  of  a  known  kind  of  eleclricity,  I  hey 
liow  by  nn  increased  or  dimitiishcd  ilivergencc,  the  Htalc  of  an  electrified 

»dy  brought  into  their  neighbourhood. 

One  kind  of  electricity  can  no  more  be  developed  without  the  other  than 
BC  kind  of  magnetism:  the  rubber  and  the  body  rubbed  always  r«9iij!iq 
p>poBit«  states,  and  the  posit  ire  condition  on  the  ^urfacf'  of  a  mass  of  matter 
\  invariably  accompanied  by  a  negative  stntc  in  all  surroutidlug  bodies. 

Ffff.n. 


Q  -Q,  Q, 


-Q*-© 


The  induction  of  magnetiura  in   soft  iron   has  its  exnct  counterpart  in 

,  deciTiciiy :  a  body  ulready  electrified  disturb?  or  polariitcs  the  particles 

iof  all  surrounding  substances  in  the  same  manner   and  according  lo  tlie 

krae  law»  inducing  a  state  opposite  to  its  own   in   ibe  nenrer   portionM, 

an4  a  similar  state   in  the  more  remote  piirt^.     A  #eriie§  of  globes  sub- 

pended  by  silk  threads,  in  the  manner  represented  in  fig.  77*  will  each 

Lliccome  electric  by  induction  when  a  charged  body  is  brotiglit  near  the  end 

lof  the  scrie?«,  like  no  many  pieces  of  iron   in  the  vicinity  of  a  moguet,  the 

ositive  half  of  e^ich  glob©  looking  in  one  and  the  *<ime  direcliou,  and  thn 

aegatiTc  half  in  the  opposite  one.     The  positive  and  negative  signs  arc 

aiended  lo  represent  the  Btates. 

The  intensity  of  the  iinluced  electrical  dishirbance  dinunishes  with  the 
lislance  from  the  charged  body:  if  this  be  removed  or  discharged,  all  the 
'"*       t  cease  at  once. 

>  f Ar,  the  greatcAi  rciemblance  may  be  traced  between  these  two  Bets 

'         nena;  hut  here  it  seemi*  in  great  meai^ure  to  cease.     The  magnetic 

apiece  of  steel  can  nwaken  polarity  in  a  second  piece  in  con- 

t  it  by  the  act  of  induction,  and  in  "O  doing  loses  nothing  whatever 

Df  its  power:    (hit*   is   an    effect  completely  different   from   the   apparent 

|lran«fer  or  discharge  of  electricity  constantly  vvitnt'J^sed,  wh\eh  \w  l\\e  aiT 

'^nd  in  liquids  ofiej)  ^he/i  ri^t^  to  the  appearance  of  a  brigbl  RparV  ^X  ^na. 

^^eoJ,  oniinarj  nmgnetic  effects  comprise  *wo  groups  of  phenomena  OTv\^J 
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those,  namelj.  of  uttraetion  nod  repulsion,  aiitJ  ibose  of  induciion*  But 
in  t^uciriciiji  in  r^iMitiou  hi  ftbenomeoft  vci'j  clo?^ety  resembling  Ib^ep,  wc 
biive  ibe  eflecls  oidtxcftanfr,  lo  whicb  tberc  is  uorbing  analogous  in  niagncri^m, 
nnd  wbicb  Cnkea  plwce  in  an  inslaul  when  any  electrified  body  i»  put  in 
comniuiiicaliou  witli  I  be  eurtb  by  any  oneof  tljc  class  of  subatances  called 
condiictora  of  tleclriciiy,  nil  sign  a  of  electrical  distiirbonce  (ben  ceasing* 

Tlicsc  conductors  of  fleclriciiy,  wbith  tbua  pcruiii  diecbarge  to  take 
place  ibrougb  Ibeir  niasj;,  are  contrast nd  witb  anoiber  class  of  snb^latices 
called  nun-coiiductorR  or  iiisitjlatDnHi,  Tbe  dificreticc,  howfvcr,  la  only  000 
of  degree,  not  of  kind:  (be  very  best  conductors  ofler  a  eertnie  resi*'ifince 
to  ib«  electrical  diacburge,  and  ibc  mot^t  perfect  inatdalora  permit  it  to  a 
small  extent  The  mctah  are  by  lar  the  be^t  conductors;  glu!!i«»  8»lk, 
«beJlac,  and  dry  gas  or  vapor  of  any  Pert,  ihe  very  wt>rt?t;  and  between 
tbese  there  arc  bodies  of  nil  degrees  of  conducting  power. 

lvlGO(rical  discharges  take  place  silently  and  wilhonl  disturbriBce  in  good 
coudiictors  of  sufScieiit  sizt.  But  if  I  lie  cbnrge  be  very  intense,  atid  tbe 
conductor  very  email,  or  imperfect  from  its  nature,  it  is  often  destroyed 
witb  violence. 

When  a  break  is  made  in  a  conductor  employed  in  cifecdng  the  discharge 
of  a  highly  excited  body,  disrupt ive  or  j^park-diiiehargc,  no  well  known, 
takeijt  place  across  tfac  intervening  air,  provided  the  ends  of  tbe  conductor 
be  not  too  distant.  Tbe  elect ricul  spark  itself  presents  many  points  of 
interest  in  the  moditications  to  which  it  is  liable. 

The  time  of  transit  of  the  electrical  wftve  through  a  chain  of  good  con- 
ducting bodies'  of  great  Icngib  h  ^0  minute  as  to  be  allogetber  inappreci- 
nble  (o  ordinary  means  of  obh«crT,itioti.  Professor  Wbcatstone^s  very  in- 
genious experiments  on  ihc  eubject  give,  in  tbe  instance  of  motion  through 
a  copper  wire,  a  velocity  surpassing  that  of  light. 

Fiff,  78. 


Elcc(rieal  cicitation    ip  fipjutrmt  only  upun   (be    surfnces  of  eonduclors, 

or  those  portioni*  directed   towards  other  objects  ciipsible  of  assuming   the 

opposite  ^\ii\i}.     Ml  in^u!u(ed    ball  charged  witb   positive   electricity,  and 

plncefl  in  the  cvDirt*  af  tht'  rooHi,  \f*  nininVu\n(?d  in  Uuit  state  by  the  induc- 

it'rc  Hctiun  ufthr  wa/f-*  ufrhe  apart uicnl,  wbieU  \njmed\a\t\^  X^cct^m^  tvt^- 
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litely  electrified :  in  the  interior  of  the  bnll  there  is  nbsolutely  no  electricity 
to  be  fouuil,  ul( hough  il  nmy  be  constructed  of  open  metal  gftiue,  with 
meshes  half  uri  iticli  wiiie  Even  on  the  i^urfdcc  tlie  di»lribiitinn  of  elec- 
tricril  force  is  not  alwuys  the  SHtjie;  it  depend!*  upon  ihe  tigure  uf  tlie  bmiy 
II J.  f  .i,,i  11  w  rMT^jtliiu  wtth  rcgiird  to  surrounding  objcct-i.  The  pubirity 
1  I  in  (he  projecting  extremities  of  tbc  wanic  condncliug  md^w, 

n  ill  when  flieso   are  attenualed  lo  points;  in  which  eiiBe  the 

inei|UBlit.y  bcuutties  ad  great  thai  di^ichiirge  tnkea  place  to  the  air,  and  the  ex* 
cit^d  condition  cniinot  be  niiLintutiied. 

By  the  aid  of  these  priiiftipleB,  the  cnns*tructlnn  and  use  of  the  common 
elect ricftl  RiAchiue,  und  other  pieccB  of  iippuratus  of  great  practical  utility, 
will  become  inlelligible. 

A  ftla*!^  cylinder  (fig.  78)  is  mminted  with  its  axis  in  a  horizontal  position, 
and  provided  with  a  handle  or  winch  by  which  it  may  be  turned.  A  Icaiher 
ciijihion  is  mafle  to  pres.^  by  a  spring  against  one  side  of  the  cytinderf, 
while  li  Inr^c  metal  conducting  body,  armed  with  a  niimber  of  points  next 
the  gla.«9;  occ«pi<?8  the  other:  both  cushion  and  ccmductor  are  iii^ulaieil  by 
glass  supports,  and  to  the  upper  edge  of  the  former  a  piece  of  silk  is  at- 
t»cbed,  long  enough  to  reach  half  round  the  cylinder.  Upon  the  cusljion  if* 
spread  a  quantity  of  Roft  amalgam  of  tin,  xinc,  and  mercury,*  mixed  up 
with  a  little  grease;  this  Hubntance  13  found  by  experience  to  excite  glasa 
moat  pow^-rfully.  The  cyliniler»  as  it  turns,  thus  becomes  charged  by  fric- 
linri*  fi.rinri«t  tho  riibbcr,  and  as  quickly  discharged  by  the  row  of  points 
^  '  the  great  conductor;  Hn<l  as  the  bitter  is  alno  complekdy  lusu- 

i '  urfacc  »»pecdily  acquires  a  charge  of  poMitivc  Ldectricity,  which 

nmy  bo  eommunicated  by  contact  to  other  insulated  brnlies.  The  maximum 
cfftfci  Ls  produced  when  the  rubber  is  connected  by  n  chain  or  wire  with  iho 
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earth.     If  negntire  electricity  be  wtintcd,  the  rubber  must  be  insulated  and 
the  f!onductor  discharged, 

^^^^^^_      ,         H^     pm^  meKurjr,  M  Uo,  AOd  Jl  tittc.     U  1.  bettw  appU«d  lo  aV\k  Ibfcu  lo 
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Another  form  of  the  el<^ctrical  mtichine  consifts  of  n  circn1»ir  plnfo  of 
glnss  (tig*  7'f)  moving  upon  nn  axis*  liiiii  provitliMl  wrth  two  pairs  of  ciimH- 
ioDS  or  rttbbera,  aiiached  lo  the  upper  ninJ  lower  partH  of  (he  wooden 
frftiiiCt  coTored  with  nmtilgam,  botwucn  which  tiie  pline  moves  with  con- 
siderable friction.  An  insulated  conductor,  nrmed  as  before  with  poinla, 
diach«rg;t's  the  plate  as  it  titrna,  tlic  rubber  Ijeitig  at  the  »ame  Itino  con- 
nectc<l  with  the  ground  by  the  wood-work  of  tiie  niachtnc,  or  by  a  strip  of 
tnet&L  This  modification  of  the  apparatus  h  preferred  in  all  caaea  where 
considerable  power  is  wanted. 

In  the  pructical  manageiEPnl  of  electrical  apparatus,  great  care  must  bo 
takun  to  prevent  depos^ttioti  of  tnoi»(ure  from  the  air  upon  the  surface  of 
the  glifis  ,siipporta,  M'hieh  ^hould  ulwayH  be  vjirnij^lied  with  fine  lac  disjaulved 
in  alcohol:  the  slighlesi  film  of  waler  is  !«nffieienL  lo  diestr<ty  I  he  power  of 
insulation.  The  rubbers  also  ii»u?jt  be  carefully  dried,  and.  like  the  plate, 
cleiiiiscd  from  adberiog  dust  before  use,  and  the  nmalpnm  renewed  if  heed- 
ful: in  damp  weather  much  trouble  is  ot^ten  experienced  in  bringing  the 
iiiiichine  into  powerful  net  ion. 

Wlieu  tlic  conductor  of  the  machine  is  charged  with  electricity,  it  acta  in- 
direcily  on.  and  accumulates  thp  contrary  electricity  to  its  own,  at  Ihe  sur- 
face of  all  the  surrounding  conduciors.  It  producer  the  greatest  effect  oti 
the  conductor  that  is  nearest  to  it  and  is  in  tlie  best  connection  with  the 
grouud,  wliereby  the  electricity  of  (he  same  kind  as  that  of  the  machine 
may  pass  to  the  earth.  As  the  inducing  eleclrieity  attracts  the  induced 
electricity  of  an  opposite  kind,  so,  on  the  other  hnrid,  is  the  former  attracted 
by  the  latter.  Hence,  the  elect ricity  which  the  conductor  receives  from 
tlie  machine  must  especially  nccumulale  at  ihnt  spot  to  which  another  good 
conductor  of  electricity  is  opposed.  If  a  metal  disc  is  in  connection  with 
the  conductor  of  a  maehiue,  and  if  another  similar  disCf  which  is  in  good 
connection  with  the  earth,  is  placed  opposite  to  it,  we  have  an  iirrMUge- 
ment  by  which  tolerably  large  and  good  conducting  surfaces  can  be  brought 
close  to  one  another:  ihns  the  positive  condition  nf  ihe  first  disc,  aa  well 
a»  the  negative  eoiidiiiiin  of  the  other,  must  be  increased  to  a  very  con* 
atdevable  degree:  the  limit  is  in  this  case,  however,  soon  reache<K  because 
the  intervening  air  ca*^i!y  permits  spark-discharge  to  take  plnce  through 
its  substance.  With  a  solid  insulating  body,  ilb  glass  or  lac,  this  happens 
witli  iiMich  greriter  difficulty,  eveti  when  the  plate  of  insulating  matter  is 
very  thin.  It  is  on  this  principle  that  instruments  for  the  acct/muiation  of 
electricity  depend,  among  which  the  Leyden  jar  is  the  most  important. 

A  thin  glass  jar  is  coaled  on  both  wides  with  i infoib  care 
being  taken  to  leave  several  inches  of  the  upper  part  un- 
coveretl  (fig  Hiy\\   n  wire,  terminating  in  a  metiillic  knob, 
communicates  with  the  internal  coating.     When  the  out- 
aide  of  the  jar  is  connected  with  the  enrth.  and  the  knob 
put  in  contact  with  the  conductor  of  the  machine,  the 
inner  and  outer  surfaces  of  the  gln^s  become  respectively 
positive  and  negative,  until  a  very  great  degree  of  in- 
tensity has  been  attained.     On  completing  the  connec- 
tion between  the  two  coatings  by  a  metallic  wire  or  rod, 
discharge  occurs  in  the  form  of  an   exceedingly  bright 
fipark.  nccompanied  by  a  loud  snap;   and   if  the  human 
body  be  interposed  in  the  circuit,  the  peculiar  and  dis- 
agreeable  sensation  of  llie  electric  shock  is  felt  at  the 
moment  of  its  completion. 
By  enlarging  the  dimensions  of  the  jar^  or  by  connecting  together  a  num- 
ber  of  jiiji'h  jars  in  .^uch  a  mnnuer  that  all  may  be  charged  and  discharged 
siwulftitieou^tj,    the  power  of  tlie   apparatus  may  \»c  ^xtalX'j  ft.\i^w\ewted. 
Tltm  wires  of  met&l  may  be  I'uaed  and  d\ss\pv\ted;  ^v^ctft  ot  vjqo\  miK^\i^ 
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iUaiterecl ;  mt^nj  coixibiiHlible  subst&nces  aet  on  fire;  and  all  the  well-known 
^l[^t;tA  of  lightning  exbibilod  upon  a  smull  acalo. 

Th<?  eleciric  Rptirk  is  often  very  conveniently  etii ployed  in  ckeimcal 
iiii|uinej»  for  firing  gaseous  mixtures  in  closed  vt^ss+tls.  A  »nmU  Ley  den  jur 
ch»rg^<i  by  the  oiauhine  is  the  most  effceiivo  ctmtrivanct'  f«r  ihiH  purptisc; 
but*  not  unfreqnently,  u  method  uiay  bi'  rt'j*c»rtL»d  to  which  involves  less 
prepar&tion.  The  most  convenient  means  of  geneniling  eleetriciiy  is  that 
proposed  by  Biioscn.  A  large  porcelain  inhe,  which  m  dry  and  warni^  la 
wrapped  ronnd  and  rubbed  briskly  by  a  dry  eilken  doth.  After  each  rub 
the  tube  i»  brought  in  the  immediate  ueigbborhoo<l  of  iho  knnb  of  a  f^muU 
Leyden  jar,  the  outer  coating  of  this  vessel  being  in  connection  with  the 
ejirth.  The  electrophoru8  )8  nho  fre(|[uentiy  ysed  for  this  purpoiie.  Tbiti 
inslrutneni  consisttf  of  a  round  tray  or 
dish  of  ftnoeii  plate^  having  a  Ftout  wire 
round  it9  upper  edge:  the  widlh  may  ho 
ftbotii  twelve  inches,  and  the  depth  halt* 
Ml  inch.  This  tray  is  filled  with  meUed 
•hcUftC«  and  the  surface  rendered  &a  i"v«?n 
to  |K)H^ible.  A  brass  disc,  with  rounded 
•dge*  of  about  nine  ineheij  diameter,  is 
also  provided^  and  fit  toil  with  an  in^tdat- 
ifig  ba^ndlc.  When  a  spark  is  wanted,  the 
resinous  plate  is  excited  by  striking  it 
with  a  dry,  warm  piece  of  fur.  or  a  silk 

handkerchief;  the  cover  is  placed  upon  it,  nnd  touchpd  by  the  finger,  (o* 
geiher  with  the  nm  of  the  plate.  When  the  cover  is  raised,  it  is  found  so 
strongly  charged  by  induction  with  positive  electricity,  as  to  give  a  bright 
fipark;  and,  as  the  resin  is  not  difw^harged  by  the  cover,  which  merely 
touches  tt  at  a  few  points,  sparks  may  be  drawn  a»  often  as  may  he  wished. 

It  i%  not  known  to  what  cause  the  disturbance  uf  Ihe  eU^ctrical  equili- 
brrum  of  the  atmo^^phere  is  iluc:  experiment  has  shown  that  the  higher 
regions  of  the  air  are  usually  in  a  positive  slate,  the  intensity  of  wbich 
reiiches  »  tna^immn  at  a  particular  period  of  the  day.  In  t  loinly  and 
filormy  weather  the  distribution  of  the  atniospherio  electricity  becomes 
much  deranged,  clouds  near  the  surface  of  the  carlh  often  oppeuring  in  a 
nogatiTe  stale. 

The  circiimi^tuQces  of  a  thunder-storm  exactly  resemble  those  of  the 
charge  and  discharge  of  a  coated  plate  or  jar;  the  cloud  and  the  earth 
reprcaent  the  two  coatings,  and  the  intervening  air  the  bad  conducting 
"~  Nly  or  (iwlrffrif^  The  polarities  of  the  opposed  surface  and  of  the  in- 
ainting  medium  between  them  become  raised  by  mutual  induciiou^  until 
violent  dittrupttve  discharge  lakes  place  through  the  air  itself,  or  through 
any  other  hrtilies  which  may  happen  to  be  in  the  interval.  \Vlicu  these 
*re  capable  of  conducting  freely,  the  discdiarge  is  siletit  and  barndess:  but 
in  other  cases  it  often  proves  Inghty  dt\^tructive.  These  dangerous  eifects 
are  now  $q  a  great  measure  obviated  by  the  use  of  lightning-rods  attached 
to  buibling!^,  Ihe  erection  of  which,  however,  demands  a  number  of  pre- 
cautions not  always  unilersiootl  or  attended  to.  The  masts  of  ships  may 
be  guarded  in  like  manner  by  metal  conductors:  Sir  W,  Snow  Harris  has 
devised  a  most  ingenious  plan  for  the  purpose,  which  is  now  adopted,  with 
ilie  mofft  complete  succesa,  in  the  Boyal  Kavy, 
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When  two  solid  cond noting  ho<}ies  are  p hinged  into  a  Viquul  wVic\i  »cU 

upfffi  them  unci/aaily,  tbe  eleefric  equUibrium    is   nlso  disluibeiV,  l\\e  oi\« 

Mequinng  tbe  poifithe  eoaditioa,  &ad  the  other  tbe  negivlive,     TVvm»,  \Aecc«  ' 
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of  zino  and  platinnm  put  into  dilute  sulphurio  acid,  constitute  an  arrange- 
ment capable  of  generating  electrical  force:  the  line  being  the  metal  at- 
tacked, becomes  negative ;  and  the  platinum  remaining  unaltered,  assumes 
the  positive  condition;  and  on  making  a  metallic  communication  in  any 
way  between  the  two  plates,  discharge  ensues,  as  when  the  two  surfaces 
of  a  coated  and  charged  jar  are  put  into  connection. 

No  sooner,  however,  has  this  occurred,  than  the  disturbance  is  repeated; 
and  as  these  successive  charges  and  discharges  take  place  through  the  fluid 
and  metals  with  inconceivable  rapidity,  the  result  is  an  apparently  con- 
tinuous action,  to  which  the  term  electrical  current  is  given. 

It  is  necessary  to  guard  against  the  idea,  which  the  term  naturally  sug- 
gests, of  an  actual  bodily  transfer  of  something  through  the  substance  of 
the  conductors,  like  water  through  a  pipe:  the  real  nature  of  all  these 
phenomena  is  entirely  unknown,  and  may  perhaps  remain  so ;  the  expres- 
sion is  convenient  notwithstanding,  and  consecrated  by  long  use;  and  with 
this  caution,  the  very  dangerous  error  of  applying  figurative  language  to 
describe  an  effect,  and  then  seeking  the  nature  of  the  effect  from  the 
common  meaning  of  words,  may  be  avoided. 

The  intensity  of  the  electrical  excitement  developed  by  a  single  pair 
of  metals  and  a  liquid  is  too  feeble  to  affect  the  moist  delicate  gold-leaf 
electroscope;  but,  by  arranging  a  number  of  such  alternations  in  a  con- 
nected series,  in  such  a  manner  that  the  direction  of  the  current  shall  be 
the  same  in  each,  the  intensity  may  be  very  greatly  exalted.  The  two  in. 
struments  invented  by  VoUa,  called  the  pile  and  crown  of  cups,  depend 
upon  this  principle. 

Upon  a  plate  of  zinc  is  laid  a  piece  of  cloth,  rather  smaller  than  itself, 
steeped  in  dilute  acid,  or  any  liquid  capable  of  exerting  chemical  action 
upon  the  zinc  ;  upon  this  is  placed  a  plate  of  copper, 
silver,  or  platinum;  then  a  second  piece  of  zinc,  another 
cloth,  and  a  plate  of  inactive  metal,  until  a  pile  of  about 
twenty  alternations  has  been  built  up.  If  the  two  termi- 
nal plates  be  now  touched  with  wet  hands,  the  sensation 
of  the  electrical  shook  will  be  experienced  ;*but,  unlike 
the  momentary  effect  produced  by  the  discharge  of  a  jar, 
the  sensation  can  be  repeated  at  will  by  repeating  the 
contact,  and  with  a  pile  of  one  hundred  such  pairs,  excited 
by  dilute  acid,  it  will  be  nearly  insupportable.  When 
such  a  pile  is  insulated,  the  two  extremities  exhibit  strong 
positive  and  negative  states;  and  when  connection  is 
made  between  them  by  wires  armed  with  points  of  hard 
charcoal- or  plumbago,  the  discharge  takes  place  in  the 
form  of  a  bright  enduring  spark  or  stream  of  fire. 
The  second  form  of  apparatus,  or  crown  of  cups,  is  precisely  the  same 
in   principle,  although  different  in  appearance.     A  number  of  cups  or 
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|^i»t«9  tre  amtnged  in  n  row  or  circle,  each  oDntaltiiit^  &  piece  of  ivcttre 
md  R  piece  of  itiuerivc  uietHL  and  u  portiou  of  exciting  liquid  —  xiiic*  cop- 
per, »iid  dilute  sulphuric  *cid,  for  exnmplc.  The  copper  of  the  first  cup 
is  connected  witU  tlic  line  of  Ihe  aeeori(l,  the  copper  of  the  Hecond  with 
the  tine  of  the  third,  and  ao  to  the  end  of  the  series.  On  CMfttblishiiig  a 
communieation  between  the  first  and  lu^t  plateu  b^  means  of  a  wire,  or 
otherwise,  discharge  takei?  pUce  ab  before. 

When  any  such  elecirical  arrangenietit  consi^^ta  merely  of  a  single  pair 
of  euoduetor?  and  an  interposed  liquid,  it  is  calUni  a  »inipl<>  circuit;  when 
two  or  more  alterations  are  concerned,  the  term  *' compound  circuit'*  is 
applied:  Ihey  are  called  also,  indifferently,  voltaic  baileries.  In  every 
form  of  sticli  apparatus,  however  complex:  it  may  iippeur,  the  direction  of 
Ihe  current  may  be  ea^^ily  understood  and  remembered.  The  polarity  or 
diPturbance  may  be  considered  to  commence  at  tbe  surface  of  the  nietul 
attaekcd,  and  to  be  propagated  through  the  liquid  to  the  inactive  comJuctor, 
and  Ibeuee  back  again  by  the  connecting  wire,  these  extremities  of  tbe 
battery  being  always  respectively  negative  and  positive  when  the  appara* 
tu^  is  in^uhited.  In  common  languiige,  it  is  said  that  the  current  in  every 
battery  in  an  active  Ptale  siarta  from  the  mefal  attiicked,  pasfcs  through 
the  liquid  to  the  second  meial  or  conducting  bo<ly,  and  returns  by  tbe  wire 
or  other  channel  of  communication:  hencL\  in  the  pile  and  crown  of  cups 
Jii-^t  described,  the  current  tn  (he  buttery  iy  «hviiys  from  the  liric  to  the 
copper;  and  out  of  the  battery,  from  the  copper  tu  the  linc,  as  shown  by 
ibe  arrowff. 

In  the  modtficalion  of  Volta's  original  pile,  made  by  Mr.  Cruik><hank, 
the  line  and  copper  plates  ure  soldered  together  und  ccincnied  water-ligbt 
into  a  mahogany  trough,  wliich  thus  becomes  divided  into  a  sertca  of  cells 
or  compartments  capable  of  receiving  the  exciting  liquid-  This  apparatus 
\!t  well  fitted  to  exhibit  efFi-cts  of  (mmon,  to  act  upon  tbe  electroscope,  and 
give  fhocks:  hence  its  advantageous  euiploymcut  iu  the  application  of 
electricity  to  mediciuOf  aa  a  very  few  tuiuuteii  suttice  to  prepare  it  for  ttsa. 
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The  crown  of  cups  was  also  put  into  &  much  more  manageable  form  by  Dr, 
Habington,  and  still  further  improved,  as  will  hereafter  be  seen,  by  llr, 
HoUtuiiori.  Subsequently,  various  nlterations  have  been  ma^le  by  different 
iaperimeuterf^  with  a  view  of  obviating  certain  defects  in  the  common 
batteries,  of  which  a  description  will  be  found  towards  the  middle  of  Lho 
Volume. 

Tb«  term  *^galvnnism/'  sometimes  applied  to  this  branch  of  electrical 
aciencci  is  used  in  honor  of  Professor  Qalvnni.  of  Bolugim.  who,  in  17i^U, 
aiade  the  very  curious  observation  that  convnlsinus  t'ould  be  produced  iu 
ibe  limbs  of  a  di-ad  frog  when  cerinin  metuls  were  made  tn  touch  Ihe  nerve 
and  muscle  at  the  same  moment.  It  was  Volta.  however,  wlm  pninled  out 
the  electriciil  origin  of  these  motions;  and  nlthough  the  explsnation  ho 
Olfered  of  the  source  of  the  electrical  disiurlmucw  is  iio  longer  generally 
adr»pted,  hiH  name  is  very  properly  associated  with  the  invaluablo  inalru- 
loent  bis  genius  gave  to  science 

In  the  year  I82*j,  Vrotc^aor  Set^beek^  of  Berlin,  diflcov^reA  anolWr  ROMTe.fe 

of  t  Incur ji*f/jr,    fo  whieb   nf hit* ion   bus  alrcndr   been   mack*  —  immeU,  Vn- 

^^uHiitxor  tvmpt^ruture  mnd  conducting  power  iti  difTercnl  metaU  v^a^iittiV 
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in  ootitact,  or  in  the  same  metnl  in  different  biiLlen  of  coiDprp^eion  nnd 
density.  Even  wltli  a  grt;t&t  number  of  alternations,  (lie  current  produced 
is  exceediDgly  fe«bU^  compared  with  thai  generated  by  tlic  voltaic  pile, 

iSom«i  ftnimnk  of  tbii  cUsit  of  fishv»,  as  tlio  torpedo  or  tlreirie  ratf^  and  the 
eUeirie  efi  otiyonih  America,  are  fiirnisbiHl  with  a  apecial  organ  or  appn- 
rntufl  for  developing  elet^Lrii^nl  force,  which  is  employed  in  defencef  or  in 
the  pursuit  of  prey.  Elect rickiy  is  here  »een  to  be  closely  connected  with 
nervous  power;  the  shock  in  given  at  the  will  of  the  animal,  and  great  ex- 
haustion follows  repeated  exertion  of  ihc  power. 


ELECTRO-MAGNETISM  f  IlfUUCTION. 

Although  the  fact   that  electricity  is  capable,  under   certain  oircum- 
stanecis.  both  of  inducing  und  of  deBtroyingniagnf^ti^m^  has  long  been  known  • 
from  the  effeclM  of  lijjhtniug  on  the  comjias-i-nei^dle  uwd  upon  gmall  Btee|l 
articles,  uh  ktiivt^s  aod  forks,   to  which   |)olarity  has  suddenly  heen  gtveq 
by  ihc  stroke,  it  was  not  till  1819  (hat  the  laws  of  the»e  |>henoniena  were) 
discovered  by  Oersted,  of  Copenhagen,  and  shortly  afliirwardsi  fuUy  deveL* 
oped  by  Ampfere* 

The  actiou  which  a  current  of  electricity,  proceeding  from  any  source, 
exerts  upon  a  magnetttcd  needle,  is  quite  peculiar.     The  poles  or  ceutreflJ 
of  magnetic  force  are  neither  attracted  nor  repelled  by  the  wire  carrying  I 
the  current,  fmt  made  to  move  around  the  latter  by  a  force  which  may  be] 
terniud  tautjfntud^  and  is  exerted  in  a  direction  perpetidicular  at  ouce  loil 
that  of  the  current,  and  to  the  line  Joiuing  tho  pole  and  the  wire.     Both  { 
poles  of  the  magnet  being  thus  acted  upon  at  the  same  time,  and  in  con* 
trary  direct  ions,  the  needle  is  forced  to  arrange  itself  acroi^s  the  current,.! 
so  that  its  axis,  or  the  Hue  joining  the  poles,  may  be  perpendicular  to  the 
wire;  and  this  is  always  the  position  which  the  needle  will  assume  when.  J 
the  influence  of  terrestrial  nifignetism  is  in  any  way  removed.      This  curioui>l 
angular  motion  may  even  he  shown    hy  suspending  a  magnet  in  such  %\ 
way  that  only  one  of  its  poles  shall  bo  Buhjected  to  the  current ;  a  perma> 
nent  movement  of  rsitation  will  continue  as  long  as  the  current  is  kept  up, 
its  direction  being  chiinged  by  altering  the  pole,  or  reversing  the  current.  ! 
The  movable  connections  are  made  by  mercury,  into  which  the  pointa  of  | 
the  conducting  wires  dip. 

It  is  often  of  great  practical  consequence  to  he  able  to  predict  the  dK 
rection  in  which  a  particular  pole  shall  move  by  a  given  current,  bccausaJ 
in  all  galvanoscopes  and  other  instruments  involving  these  principles,  the 
movement  of  the  needle  m  taken  as  an  indication  of  the  direction  of  the  cir-  i 
culating  current.     And  this  is  easily  done  hy  a  simple  mechanical  aid  to] 
the  memory:     Let  the  current  be  supposed  to  pass  through  a  watch  from  ] 

the  face  to  the  back;  the  motion  of  tho  ^ 
north  pole  will  be  in  the  direction  of  the 
hands.      Or    a    little   piece   of  apparatus 
mny  be  used  if  reference  is  often  required : 
this  is  a  piece   of  pasteboard,    or    other 
suitable  material,  cut  iigto  the  form  of  an 
arrow  for  indicating  the  current,  crost^ed 
by  u  magnet  having  its  poles  mitrked,  and 
arranged  in  the  true  position  with  respect 
to  the  current.     The  direction  of  the  lat- 
ter in  the  wire  of  the  gaWanoscope  can  at  once  be  known  by  placing  the 
representative  majsuet  In  the  direction  assumed  by  the  needle  itself. 
TJie  conifaoD  gshanost'ope  (fig.  86),  consisting  of  a  coil  of  wire  having 
M  eompmss-Deetlh  suspended  on  a  point  within  \t,  ift  gr^aVl^  \mi^twve.d  by  tha  , 
addition  of  /t  second  uet^dh,  &s  already  in  part  dcacT\\>«A  V;^.  \V3fiV  ^^^"^1 


J^.86. 
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k  better  mode  of  suffpensioiif  n  long  fibre  of  silk  being  u^ed  for  the  ptirpose. 

"he  two  needles  are  of  equal  8i*e,  and  miigrietiied  as  nearly  as  possible 

)  like  saiac  extent ;  they  are  then  immovably  fixnd  togetJier  parallel,  and 


^.  M. 


■^rtthlb^tr  poles  opposed,  and  hung  with  the  lower  needle  in  the  coil  and 
1^  the  upper  one  above  iL     The  advantnge  grihivd  is  twofold:  the  Byc^tem  id 

OMftsttr,  unaffected,  or  nearly  so,  by  the  muguetism  of  the  eartb;  imd  the 
,  necdirs,  being  both  acted  uptiu  in  the  Hauie  matiner  by  the  ciirr*;ui,  arc 
'urged  with  much  greater  force  Ihnn  ont^  nlnno  would  be,  all  llie  acii^iuij  of 

every  part  of  the  coil  being  strit-'tly  concurrent,     A  divided  circle  is  placed 

below  the  upper  needle,  by  which  Ibc  angular  motion  can  be  mcft*tured ; 
\  and  the  whole  is  enclosed  in  glass^  to  shield  tho  needles  from  ifie  agitation 

of  the  air.     The  whole  is  shown  in  fig.  86. 

The  action  between   the  pole  and  the  wire  is  mutual,  as  may  be  (<thown 
Tl)j  rendering  the  wire  itself  movable,  and  plncing  a  magnet  in  Us  vicinity: 

on  completing  the  circuit,  the  wire  will  be  put  in  motion,  and^  if  the 
•  arrangement  permits,  it  will  rotate  around  tho  magnetic  polo, 

A  little  consideration  will  show  that,  from  the  peculiar  nature  of  th© 
^  electro- dynamic  force,  a  wire  carrying  a  current,  bent  into  a  spiral  or  helix* 

iDust  possess  the  properties  of  an  ordinary  mag- 
netized bar,  its  eitremtties  being  attracted  and 

tepelled  by  the  poles  of  a  magnet.  Such  h  renlly 
^  found  to  be  the  case,  as  may  be  proved  by  a  va- 
Irietj  of  arrangements,   among  which  it  will  bt? 

»uf&clent  to  cite  the  beautiful  little  appuralus  of 

Profesjior  de  la  Rive,     A  short  wide  glans  lube  is 

fiaed  intoacork  ring  of  considerable  size  (fig.  87); 

,  little  voltaic  buttery,  consisting  of  a  single  pair 

[of  copper  and  tine  plates,  is  fitted  to  the  tube-, 

»Rd  lo  these  the  ends  of  the  spiral  are  R»!dercd, 
[On  filling  the  tube  with  dtbite  acid,  and  llouting 
[the  whole  in  a  large  bastn  of  water,  the  helix  will 
I  be  observed  to  arrange  itself  in  the  magnetic  mertdinn,  and  on  Irial  it  will 

be  found  to  obey  a  magnet  held  near  it  in  the  most  perfect  manner,  as  long 

tm  the  current  circidnies. 

When  an  electric  current  is  passed  at  right  angles  to  a  ptece  ot  \TCitL  «t 


Fig,  S7. 
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th*  latter seqmres  mngnetic  polaritj,  either  tempoTiiTy  or  \^^TTOa.tv^^vlV, 
cmse  ioajr  be,  the  direct hn  of  the  cu 


current  detisrmmin^  Vti©  ^okiWou 
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of  the  poles.  This  effect  is  prodigiously  increased  by  causing  the  current 
to  circulate  a  number  of  times  round  the  bar,  which  then  acquires  extra- 
ordinary magnetic  power.  A  piece  of  soft  iron,  worked 
into  the  form  of  a  horse-shoe  (fig.  88),  and  surrounded 
by  a  coil  of  copper  wire  covered  with  silk  or  cotton  for 
the  purpose  of  insulation,  furnishes  an  excellent  illus- 
tration of  the  inductive  energy  of  the  current  in  this  re- 
spect: when  the  ends  of  the  wire  are  put  into  commu- 
nication with  a  small  voltaic  battery  of  a  single  pair  of 
plates,  the  iron  instantly  becomes  so  highly  magnetic  as 
to  be  capable  of  sustaining  a  very  heavy  weight. 

Ampere  discovered,  in  the  course  of  his  investigations, 
a  number  of  extremely  interesting  phenomena  resulting 
from  the  action  of  electrical  currents  on  each  other, 
which  become  evident  when  arrangements  are  made  for 
giving  mobility  to  the  conducting  wires.  He  found  that 
when  two  currents,  flowing  in  the  Mune  direction,  are 
made  to  approach  each  other,  strong  attraction  takes 
place  between  them,  and,  when  in  opposite  directions, 
an  equally  strong  repulsion.  These  effects,  which  are 
not  difficult  to  demonstrate,  have  absolutely  no  relation, 
that  can  be  traced,  to  ordinary  electrical  attractions  and 
repulsions,  from  which  they  must  be  carefully  distinguished;  they  are 
purely  dynamic^  having  to  do  with  electricity  in  motion.  Ampere  founded 
upon  this  discovery  a  most  beautiful  and  ingenious  hypothesis  of  magnetic 
actions  in  general,  which  explains  very  clearly  the  influence  of  the  current 
upon  the  needle. 

A  current  of  electricity  can  thus  develop  magnetism  in  a  transverse 
direction  to  its  own ;  in  the  same  manner,  magnetism  can  call  into  activity 
electric  currents.  If  the  two  extremities  of  the  coil  of  the  electro-magnet 
above  described  be  connected  with  a  galvanoscope,  and  the  iron  magnet iied 
by  the  application  of  a  permanent  steel  horse-shoe  magnet  to  the  ends  of 
the  bar,  a  momentary  current  will  be  developed  in  the  wire,  and  pointed 
out  by  the  movement  of  the  needle.  It  lasts  but  a  single  instant^  the  needle 
returning  after  a  few  oscillations  to  a  state  of  rest.  On  removing  the  mag- 
net, whereby  the  polarity  of  the  iron  is  at  once  destroyed,  a  second  current 
or  wave  will  become  apparent,  but  in  the  opposite  direction  to  that  of  the 
first.  By  employing  a  very  powerful  steel  magnet,  surrounding  its  iron 
keeper  or  armature  with  a  very  long  coil  of  wire,  and  then  making  the 
armature  itself  rotate  in  front  of  the  faces  of  the  magnet,  so  that  its  induced 
polarity  shall  be  rapidly  reversed,  magneto-electric  currents  may  be  pro- 
duced, of  such  intensity  as  to  give  bright  sparks  and  most  powerftil  shocks, 
and  exhibit  all  the  phenomena  of  voltaic  ele«tricity.  Fig.  89  represents  a 
very  powerful  arrangement  of  this  kind. 

When  two  covered  wires  are  twisted  together  or  laid  side  by  side  for  some 
distance,  and  a  current  transmitted  through  the  one,  a  momentary  electrical 
wave  will  be  induced  in  the  other  in  the  reverse  direction ;  and  on  breaking 
connection  with  the  battery,  a  second  single  wave  will  become  evident  by 
the  aid  of  the  galvanoscope,  in  the  same  direction  as  that  of  the  primary 
current.  In  the  same  way,  when  a  current  of  electricity  passes  through 
one  turn  in  a  coil  of  wire,  it  induces  two  secondary  currents  in  all  the 
other  turns  of  the  coil;  when  the  circuit  is  closed,  the  first  is  mov- 
ing in  the  opposite  direction  to  the  primary  current;  the  second,  when 
the  circuit  is  broken,  has  a  motion  in  the  same  direction  as  the  primary 
current.  The  effect  of  the  latter  is  added  to  that  of  the  primary  current. 
Hence,  if  a  wire  coil  he  made  part  of  the  conducting  wire  of  a  weak  electric 
/fife,  and  if  the  primary  current,  by  means  of  an  ap^TopiiAXA  axT%xi%«mAut« 
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f  niide  %nd  broken  in  rapid  suoccsRloti,  we  oAn  inore&se  in  %  remnrkiible 
net  the  effecU  which  are  produced  a,t  th«  moment  of  breaklag  the  oir^ 

Fiff,  89. 


ail  either  At  the  pljice  of  intcrniptfon,  snoh  as  the  spark-diachar^s,  or  In 
OQflary  cloning  conduclorSf  as  in  the  acLiQn  on  llie  nervea  or  Uiu  deoom- 
dlioD  of  wntcr. 

'  two  copper  wiroB,  the  one  nbovo  the  other,  bo  twisted  round  the  same 

ollow  c^ylinder,  and  one  of  these  wires  —  for  in«ianc<?,  the  inner  one  —  be 

(!•  purl  of  n  ji^ulvanie  circuii,  a  current  of  short  diirHtioii  is  inducfMl  in 

lie  outer  wire,  both  by  makiag  and  by  breaking  contact.     The  fltrenplb  of 

bis  current  enn  be  very  npprecinbly  iucreased  by  filling  tlie  hollow  cylinder 

Hilh  «  bundle  of  thin  iron  ruili^,  when  magnetic  nod  olcctricnil  tndnction  are 

aanle  to  co-operate.     The  more  frequently  contact  ia  alierniUely  made  and 

okcUt  the  greater  m  the   number  of  induced  currents   ihtit  follow  each 

ther,  and  the  more  powerful,  within  certain  litMits,  m  the  action.     Dr. 

Seef  has  constructed  an  ingenious  contrivance^  in  which  contact   is  made 

broken  by  the  current  iiaelf.  whereby  his  induction  apparatus  actuidly 

comes  an  electrical  machine.      Fig.  90  exbibita   the  original  apparatus 

lightly  modified.     The  arrang^mont  consists  eaaeniially  of  an  ehi»tie  copper 

'  \  It  a^^  which  is  fixed  at  a^,  and  carrier  at  A  a  small  plate  of  («oft  iron. 

fhe  Utter  hangs  over  the  iron  rods  of  the  induction  coil,  wliich  are  some- 

rhat  raided  in  this  particular  point,  but  without  touching  them.     The  end, 

"  the  copper  glrip  U  covered  with  a  little  plate  of   platinum,   which 

against  a  platinum  point  of  the  screw  c.     The  current,  having  trav- 

tho  inner  coiU  passes   from  the  point  r,  to  the  plate  a,  in  order  to 

eturn  through  the  copper  atrip  a  a'^  and  the  wire  «^.     By  the  passage  of 

be  current  the  iron  rods  have  become  magnetic  and  attract  the  iron  plate^ 

whereby  the  end,  a,  of  the  copper  strip  is  removed  from  the  platinum 

Clint,  and  contact  is  broken.     Bui  a?  »oon  as  the  current  ceases,  the  iron 

mIs  lose  their  roagnetlam,  the  elastic  copper  strip  returns  to  its  former 

t>9t(ion,  and  establishes  again  the  current  for  a  short  time.     The  screws,  e 

\d^  regulate  the  position  of  the  spring  and  the  time  of  via  ofte\\\^V\^itkV 

4&ei(/^  of  which  mmy  be  eatimnted  by  the  pilch  of  the  nolcH  ptcvClMC^ 

PP^^  ^^i^^  »»M  ifrsi  made  bj  "Bt.  Ncef,  in  1830,  \iaa  bcutt  w>i 
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Bid<»rablj  improved  wijhin  the  laj't  f^w  yt^nrs.  Ruhmkorff  oepcoiiilly,  by  a 
more  perfect  iHolatitiQ  of  tho  wire  cuila*  Imri  sucf (-eiieU  lo  »  much  irrenUT 
extent  in  prenerring  tho  eleeiricAl  inducUoa.     He  h&a  thus  oliUined  &  ai«ie 

Fig,  00. 


4 


^ 
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of  electrical  tonsioo  wUkU  rtseinble»  that  produced  by  frictlonal  electricity: 
the  up  ark  ie  cupniile  of  cruising  the  nir  lu  iiiea^nmble  distxinceB,  not  in 
inolaled  disebiirgps,  but  in  strenmsi  of  brilliiint  light.  The  ahocke  of  thia 
uppiirutua  rt'seiiiblc  those  of  a  fuodenito  Leyd^n  jftr»  but  differ  from  the 
latter  bj  fhe  rapidity  with  which  they  may  be  repented  at  pleasure.  V>j 
mean^  of  Iluhmkorff's  coil,,  Grove  hns  bitely  cffeclcd  dccouipositiduj*  in 
water  aud  other  bad  conducting  lu|tiids,  which  rt^s^eiuble  thouc  obtuitied 
many  years  ago  by  WoUastan  by  aleAn^)  of  tlie  electrical  tnAchine,  Thoso 
phenoiiicna  of  decompoisition,  which  iu  water,  for  instance,  fumisU  oxygen 
Mid  Ijydrogen  at  the  same  polo,  ni«?«l  be  disitinguiphed  from  true  elertrieal 
decompoeitians ;  they  are«  in  fact,  effects  of  beat,  as  Grove  ba8  pointed  out, 

ELECTUICTTY  OF  VAPOR. 

The  electricity  exhibited  under  certain  peculiar  cirenmstances  by  ft  jei 
of  Hieam,  first  observed  by  mere  acciitenU  hut  since  closely  iuvei^tigatcd  by 
8ir  W.  Armstrong,  and  al:*o  by  Faraday,  is  now  referred  lo  the  friction, 
not  of  the  pure  steam  itself,  but  of  particles  of  coitdeiiticd  water,  agaiti;^t 
the  interior  of  the  exit-tube*  U  has  been  pnwed  with  certainly  in  the  lajft 
few  years  that  I'TFiiporation  alone  id  not  enpuVde  of  dipturbing  the  electrical 
eqiiiiibritim,  and  the  hope  fir^t  entertained^  that  these  phenomena  would 
throw  light  upon  tho  cause  of  eleelneal  excitement  tn  Ihc  utmosphttre,  ia 
now  abandoned.  The  steaiu  is  tiRually  positive,  if  the  jel-pipc  be  Cimglruelcd 
of  wood  or  clean  Rietal,  but  the  jn  trod  net  ion  of  the  timatlest  trace  of  oily 
matter  caunea  i^  ehatigc  of  sign.  The  intensity  of  the  charge  IB.  fieftns 
pitrihu*,  increii!<ed  with  the  elft*<tic  force  of  the  f^teiim.  By  tliif  nitans 
effects  have  been  obtained  very  far  Fnrpassing  those  of  the  most  powerfal 
plate  electrical  maehines  ever  const  meted. 

Although  no  eleclrieity  can  be  directly  erolved  by  evaporalion.  yet  ra- 
por  posBesMes  in  a  high  degree  the  property  of  disebHrging  into  the  aU 
moiphere  that  electricity  which  often  iiecuniijlate»  in  hndies  from  which  it 
arises.  The  fresh  brrtuches  and  leaven  of  trees  do  this  to  the  greateut  et- 
fent.  When  mohtcttt^ti  with  rain  or  dew,  their  surfaces  beeome  posiliv»rly 
electrirnl,  whUsi  the  internal  parts,  eifen  to  V\i6  toqU,  \j«c^)m«  u^^nxVutly 
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CHEMISTRY  OF  ELEMENTARY  BODIES. 


or 


^HE  term  dement  or  elementary  mbiianee  ia  applied  in  chemistry  to  those 

_    fortna  of  moditicntiona  of  matter  which  have  httbcrlo  resbteil  iiVl  at- 

enipt9  to  decompose  ihem.     Kothitig  U  over  tiieaat  to  bo  afBrmc^il  coiici'rti'- 

Bg  their  rcul  nature;  they  are  flmiply  elements  to  us  at  the  prusiuit  iim«; 

creaner,  by  new  methods  of  rciii'urch,  or  by  mnv  cornhumiioriH  of  those 

blreji.dy  possessed  by  pciencc,  many  of  the  Hubstunces  which  now  figure  as 

llemenis  may  possibly  be  8hown  ta  be  compoundij;  this  has  alreaiiy  hup* 

en<Hl^  and  mny  agnin  take  place. 

The  clenentary  bodies,  at  present  rccognizetl,  amount  to  sixly-fonr  m 

ktimber;  of  these,  about  fifty  beUmg  to  the  class  of  mftah.     Several  of 

aefe  are  of  recent  discorery,  ami  a^  yet  very  iinperfecily  kn(h«rn.     The 

Ibtinction  between  nictulH  and  non-melaltic  bubHiancp;^,  or  mttalhuh,  nl- 

liough   Tery  convenient  for  purposes  of  descripiion,  ia  entirely  arbifrary, 

lineethe  two  classci^  graduate  into  each  other  in  the  most  cnmplHe  manner. 

It  will  be  proper  locommenco  with  the  laiter  an«l  le»»  numerous  division. 

the  elements  are  named  as  in  the  subjoined  tabic,  the  mo-it  important  be- 

Dg  distinguished  by  the  largest  and  moat  con-apicuous  lyp<\  iliose  next  in 

nportance  by  medium  type,  whil<«tt  the  names  of  elements  which  are  eilher 

rare  occurrence,  or  of  which  our  knowledge  is  very  imperfect,  aro 

printed  in  the  amallest  typo. 


KKTALtolDS* 

iROHtNE. 

ILORIfTE. 
FLUOKINE, 
lYDROGEH. 
|ODIK£. 
ilTBOOEir, 

rera. 

iOaPHOETJS. 

B«/]f  niorn. 

PHUE. 
I^tiriam, 


METALS. 


ALVMIHIUM. 

Antimowt. 

Ab*knio. 

Beryllium, 

BlSTWITTU. 

Cadmium, 

GALCIinC, 

C^^rium, 

CiiuoMttrai. 

Cobalt, 

COPPEB. 

iridymium. 

Erbium. 

Gold. 

Iu4'mm, 


Iridium, 

IROK. 

Lumbannm. 

Lithium. 

MAfiNK^JtrM. 

MAK6ANESE. 

MEECUEY. 

M(dybdi'jium, 

Njckkl. 

Niobium, 

Osmium. 

Pr.ATiNrw, 
POTASSIUM. 

UhndiMHi. 

Kubidium. 


lliiUirniuiii, 

BILVEE* 

SOBIUK. 

Strontium. 

TjnitaUim. 

Terbium, 

Thidlium. 

Tlii>r  ilium, 

TIN. 

TiTANirM. 
TlfNOSTKJ** 

Ubaniitm. 

Vanadium. 

Yttrium. 

ZIKC. 

Zirconium.. 
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Whateyer  plan  of  clMsification,  founded  on  the  natural  relations  of  the 
elements,  be  adopted,  it  will  always  be  found  most  advantageous,  in  the 
practical  study  of  chemistry,  to  commence  with  the  consideration  of  the 
great  constituents  of  the  ocean  and  the  atmosphere. 

Oxygen  was  discoTered  in  the  year  1774,  by  Scheele,  in  Sweden,  and  Dr. 
Priestley,  in  England,  independently  of  each  other,  and  described  under  the 
terms  empyreal  air  and  dephhgulicated  air.  The  name  oxygen  *  was  given 
to  it  by  Lavoisier  some  time  afterward.  Oxygen  exists  in  a  free  and  un- 
combined  state  in  the  atmosphere,  mingled  with  another  gaseous  body,  ni- 
trogen. No  very  good  direct  means  exist,  however,  for  separating  it  from 
the  latter ;  and,  accordingly,  it  is  always  obtained  for  purposes  of  experi- 
ment by  decomposing  certain  of  its  compounds,  which  are  very  numerous. 

The  red  oxide  of  mercury,  or  red  precipitate  of  the  old  writers,  may  be 
employed  with  this  view.  In  this  substance  the  attraction  which  holds 
together  the  mercury  and  the  oxygen  is  so  feeble,  that  simple  exposure  to 
heat  suffices  to  bring  about  decomposition.     The  red  precipitate  is  placed 

^.91. 


in  a  short  tube  of  hard  glass,  to  which  is  fitted  a  perforated  cork,  fViraished 
with  a  piece  of  narrow  glass  tube,  bent  as  in  fig.  91.  The  heat  of  a  spirit- 
lamp  being  applied  to  the  substance,  decompoi^ition  speedily  commences; 
globules  of  metallic  mercury  collect  in  the  cool  part  of  the  wide  tube, 
which  answers  the  purpose  of  a  retort,  while  gas  issues  in  considerable 
quantity  from  the  apparatus.  This  gas  is  collected  and  examined  by  the 
aid  of  the  pneumatic  trough,  which  consists  of  a  vessel  of  wat«r  provided 
with  a  shelf,  upon  which  stand  the  jars  or  bottles  destined  to  receive  the 
gas,  filled  with  water  and  inverted.  By  keeping  the  level  of  the  liquid 
above  the  mouth  of  the  jar,  the  water  is  retained  in  the  latter  by  the  pres- 
sure of  the  atmosphere,  and  entrance  of  air  is  prevented.  When  the  jar  is 
brought  over  the  extremity  of  the  gas-delivering  tube,  the  bubbles  of  gas 
rising  through  the  water,  collect  in  the  upper  part  of  the  jar,  and  displace 
the  liquid.  As  soon  as  one  jar  is  filled,  it  may  be  removed,  still  keeping 
Its  mouth  below  the  irafer-level,  and  another  substituted.  The  whole  ar- 
r&ngemeDt  ia  shown  in  fig.  91. 

•  From  6^vf,  acid,  and  y«',  a  root  s\gnVfy\ns  proAucUon. 
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Th«!  e'xperimeni  here  described  is  more  insiriicKYO  as  nn  eicellent  case 
ftf  the  resolution  by  simple  means  of  a  compound  hMy  into  ilg  con>«lituemfl,* 
tlmi)  T:ilu/tble  as  &  source  of  oxygen  gtis.  A  better  and  tumtvi  economie&l 
)nit!tbo<1  in  to  expose  to  lu'at  in  u  reiori,  or  fla^ik  furniiiljed  with  ti  bent  tube, 
&  porttOD  of  llie  salt  efilled  potassium  chlorutc.  A  eomnion  Florence  flask 
fcrrca  perfectly  well,  the  hcni  of  a  t^pirit-lnrnp  being  itufficient.  The  satt 
melts  and  decomposes  with  ebullition,  yielding  a  very  large  quantity  of 
Qxjgen  gaa,  which  may  be  collected  in  the  way  iibove  dc!*cribed.  The  first 
porLioQ  of  the  gas  often  contains  a  little  chlorine.  The  wtiite  saline  residue 
in  the  flask  is  potassium  chtoride.  This  plan,  which  im  very  easy  of  eieca- 
lian,  ia  always  adopted  when  Tery  pure  gas  is  required  for  aiuilytlcal  pur* 
poses  f 

A  third  method,  very  good  when  perfect  purity  is  not  demanded,  is  to 
heat  to  redness^  in  an  iron  retort  or  gun-barrel,  the  black  manganese  oxide 
(if  comiuerce,  which  under  these  circunistancos  suffers  decomposition,  al- 
Ihougli  not  to  the  extent  manifest  in  the  red  precipitate.]; 

If  a  litlle  of  the  black  miingnneae  oxide  be  finely  powdered  and  tniied 
with  potftsfium  chlorate,  and  the  mixture  heated  in  a  iask  or  retort  by  a 
I  -  -  -  Tt'n  will  be  disengaged  with  the  utmost  faciliiy,  and  at  a  far  lower 
<■  1*  than  wlicn  the  chlorate  alone  is  used.^     All  the  oxygen  comes 

f:  ...  1..  -  iiloratc,  the  manganese  remaining  quite  unaltered.  The  materiiilif 
ihould  be  well  dried  in  a  capsule  before  their  introduction  into  the  flask. 
This  experiment  affords  an  iu;*tance  of  an  eifect  by  no  means  rjire,  in 
which  a  body  seems  to  act  Vjy  its  mere  presence,  wilhout  taking  any  obvi- 
on%  part  in  the  change  brought  about. 

Methods  for  the  preparation  of  oxygen  on  a  large  scale  will  he  found 
described  under  the  heads  of  sulphuric  acid  and  barinm  dioxide. 

Wfa.uover  method  be  chosen  —  and  the  same  remark  applies  to  the  col* 
Icctiun  of  all  other  gaae^  by  similar  means  ^  the  first  poriious  of  gas  must 
he  suffered  to  escape,  or  he  received  apart,  as  they  are  contaminated  by 
the  atmospheric  air  of  ibe  apparatus.  The  practical  tnanagemeiit  of  gase^ 
is  a  point  of  great  importance  to  the  chemical  student,  and  one  with  which 
he  mnM  endeavor  to  familiarize  himself*  The  waler-trough  ju?*l  de.Hcribcd 
is  one  of  the  most,  indispensable  articles  of  the  laboratory,  jind  by  ita  aid 
all  experiments  on  gaav*  arc  carried  on  when  the  gases  I  hem  selves  are  not 
»ensihly  acted  upon  by  water.  The  trough  is  best  constructed  nf  japanned 
copper,  the  form  and  dimensions  being  regulated  by  the  magnitude  of  the 
jar«-  ll  shouhl  have  a  firm  shelf,  so  arranged  as  to  be  always  about  an 
inch  below  the  level  of  the  water,  and  in  the  phelf  a  groove  should  he  made 
about  half  an  inch  in  width,  and  i>*e  same  in  depth,  to  admit  the  extremity 


f  1  ■.  whi'  ll  I-  fdtly  psiflfiiiKMl  in  n  nnl«i'**'|Oi'TH  iMi>rllofi  i>f 

t  tl   rht]f'«i'pli^vK  ii  ii^t'it  Ifor  n'firejipiitfnff  Itn'  i-riJiit(cf<i 

¥L.-   .  ,  „   .     For  1(41*  iH'iic^t  of  Lfji' nriviinct-d  iitudr<nl»  ftif"  Ir^rrnnlin 

of  tamrcurie  ujd4n  t«  tlitu  r<<prt4«al«<l;  — 
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I  TTh»  maniEaneH  oxide  «lio«iJd  i»ot  rotiUin  nay  ctymhufftihjf^  wintt pt.  nr  nn  ^^p^niVrtrv  w\\\ 
iMiilt.  Aeff4fU»tfJ^rit  otrarrrdthjm  thtif  <^nmf,  jinit  m  ;>rc'nntinnnr  trlstt  I'htmH  Im-  lumW  \i\  ^w\l- 
Asr  *  «««^  ^iiHUimrlB  m  metMt  cap,  «haulii  lAertj  be  any  douht  uf  Uio  pudly  ol  Uw  oik*lfi.— 
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of  the  deliyery-tube  beneath  the  jar,  which  stands  seeorelj  apon  the  shelf. 
When  the  pneumatic  trough  is  required  of  tolerably  large  dimensions,  it 
may  with  great  advantage  have  the  form  and  disposition  represented  in 

Fig,  91, 


Fig.Vk 


fig.  92.     The  end  of  the  groove  spoken  of,  which  crosses  -the  shelf  or  shal- 
low portion,  is  shown  at  a. 

Gases  are  transferred  from  jar  to  jar  with  the  utmost  facility,  by  first 
filling  the  vessel,  into  which  the  gas  is  to  be  passed  with  water,  inverting 
it,  carefully  retaining  its  mouth  below  the  water-level,  and  then  bringing 
beneath  it  the  aperture  of  the  jar  containing  the  gas.  On  gently  inclining 
the  latter,  the  gas  paRses  by  a  kind  of  inverted  decantation  into  the  second 
vessel.  When  the  latter  is  narrow,  a  funnel  may  be  .placed  loosely  in  its 
neck,  by  which  loss  of  gas  will  be  prevented. 

A  jar  wholly  or  partially  filled  with  gas  at 
the  pneumatic  trough  may  be  removed  by 
placing  beneath  it  a  shallow  -basin,  or  even  a 
common  plate,  so  as  to  carry  away  enough 
water  to  cover  the  edge  of  the  jar :  and  many 
gases,  especially  oxygen,  may  be  so  preserv^ 
for  many  hours  without  material  injury. 

Gas-jars  are  often  capped  at  the  top,  and 
fitted  with  a  stop-cock  for  transferring  gas 
to  bladders  or  caoutchouc  bags.  When  such 
a  vessel  is  to  be  filled  with  water,  it  may  be 
slowly  sunk  in  an  upright  position  in  the 
well  of  the  pneumatic  trough,  the  stop-cock 
being  open  to  allow  the  air  to  escape,  until 
the  water  reaches  the  brass  cap.  The  cock 
is  then  to  be  turned,  and  the  jar  lifted  upon 
the  shelf,  and  filled  with  gas  in  the  usual  way. 
If  the  trough  be  not  deep  enough  for  this 
method  of  proceeding,  the  mouth  may  be  applied  to  the  stop-cock,  and  the 
vessel  filled  by  sucking  out  the  air  until  the  water  rises  to  the  cap.  In  all 
cases  it  is  proper  to  avoid  as  much  as  possible  wetting  the  stop-ooeks  and 
other  brass  apparatus. 

Mr.  Pepys  contrived,  many  years  ago,  an  admirable  piece  of  apparatus 
for  storing  and  retaining  large  quantities  of  gas.  It  consists  of  a  dmm  or 
reservoir  of  sheet  copper,  surmounted  by  a  shallow  trough  or  cistern,  the 
communication  between  the  two  being  made  by  a  couple  of  tubes,  a  6,  fur- 
nished with  stop-cocks,  one  of  which.  A/,  passes  nearly  to  the  bottom  of  the 
dram,  as  abown  in  fig.  94.  A  short  wide  open  tube,  c,  is  inserted  obliquely 
near  the  bottom  of  the  vessel,  into  wbicb  a  p\u|^  ma^  \»«  U^JbW^  screwed. 
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A  atop-oock,  0,  near  th«  (op,  Mrires  to  transfer  ^ab  to  a  bladder  or  inhtf- 
tpp»rAtu9.     A  gUfcit^  ^Ater*gauge«  d  f,  offtxed  to  the  aitle  ul  itiu  drum,  iiud 
coaioiunicated  wilh  both  top  mid  butiom^ 
indicates  tiie  level  of  the  liquid  wilbin.  jFV^.M* 

To  use  the  gns-holder,  the  plug  is  first 
•ere wed  into  tb«  lower  opening,  and  the 
drum  cofupletely  filU*d  with  wat^r.  All 
tiir«e  Btop-cock»  urc  then  to  be  clo§ed  and 
the  plug  removed.  The  pressure  of  the 
ttuiu>ipbcrc  retfl'me  the  wntcr  in  the  gas- 
koUler*  and  if  no  air-leakAge  occurs,  the 
eso«|i#  of  water  is  int.'on»*iderable.  The 
tiiFemity  of  the  delirery-hibe  is  now  to 
b#  well  pusbe<l  through  the  open  aperture 
tato  the  druin«  so  that  the  bubble!^  of  gas 
aiBjr  rise  without  hiudrnnce  to  I  lie  upper 
part,  displacing  the  water,  whicK  tii*wg 
out  in  the  same  proportion  into  a  vet«f!el 
alace<l  for  ilu  reception.  When  the  drum 
H  filled,  or  enough  fiaa  has  been  collected, 
Che  tabe  i«  withdrawn  and  the  plug  screwed 
bio  it«  plitee. 

When  a  portion  of  the  gaa  i»  to  be  transferred  to  a  jar.  the  biUor  if*  to  be 
^Dled  with  wnter  at  the  pneumatic  trough,  enrriLHl  by  tliei   help  of  a  baHin 
f,^  ,j,.f..  r,.  the  cistern  of  the  gas-holder*  and  placed  over  the  shorter  tube. 
tt  the  cock  of  the  neighboring  tube,  the  bydroslalic  pres»uro  of 

tii  i  of  water  will  cause  compression   of  the  gas,   and  increase  its 

tkrtio  iurce.  i»o  that,  ou  gently  turning  the  cock  beneath  the  jar,  it  will 
laeMid  into  the  latter  in  a  rapiil  si  ream  of  bubbles.  The  jar,  when  filled, 
Biaj  ftgA^in  have  iho  plate  slipped  beneath  it,  and  be  removed  without  dlf- 
ficuliy. 

. .     when  free  or  uncotnbincd.  ia  known   only  in  the  gaseoui*  state. 

a  to  reduce  it  to  the  licjutd  or  etolul  con<lkion  by  cold  and  pre^nure 

b^,  :.i_  .11  pleiely  failed.  When  pure,  it  is  colorle»s»  tastelesii,  and  in- 
odoroua.  It  is  the  austaining  principle  of  animal  life,  and  of  all  the 
ordinary  phenomena  of  combuaiion, 

Bo*lic»  which  burn  In  the  air.  bum  with  grcfltly  increased  splendor  in 

si%^t^n  ci^^.     If  a  taper  be  blown  ^uit.  and  tliirn  tnirotlyced  while  the  wick 

If  I  1  I -hot,  it  is  in?(tantlv   i  ha  slip  of  wood  or  a  match  is 

Itt-  I  rhe  same  manner.     1  s  highly  characteristic  of  oxygen^ 

Ihtix  ^  "'     "  '  Mfber  ga»  \vl ^..,,..  j.j*cft  the  s«anie  property:  and  this 

k  MMt'  '   by  other  means.     The  experiment  with  the  match  is 

also  cor  IS  a  rude  test  of  the  purity  of  the  gua  when  it  is  nbout 

to  be  coiiecti?!<i  from  the  retort,  or  when  il  haa  stood  some  time  in  contact 
with  water  eiposed  to  air. 

When  a  bit  of  charcoal  is  affixed  to  a  wire,  and  plunged  with  a  single  point 
rrd4tol  into  a  jar  of  oxygon,  it  bums  with  great  brilliancy,  throwing  off 
hoautifu!  scinlillattons,  until,  if  the  oxygen  be  in  exceed,  it  is  completely 
eon«unied<  An  iron  wire,  or,  still  bcMer,  a  Meel  watch-spring,  armed  at 
tea  extremity  with  a  bit  of  lighted  nnindou.  and  introduced  into  a  vcsacl  of 
oxjg^u  giia,  exhibits  a  most  beautiful  phenomenon  of  combustion.  If  the 
tsperimettt  be  made  in  ajar  funding  on  a  plate,  the  fused  globules  of  black 
oii«l«  fit  themselves  in  the  gliue  of  the  latter,  after  faUtng  through  a 
ttm  of  water  half  an  inch  in  depth.  Kindled  sulphur  burns  wilh  great 
Liy  In  oxygen;  ami  phofph oru^.  under  similar  circumstimces,  ^i.VLibV'ift 
a  sfilendcir  which  the  eye  h  unable  to  auppoH. 

iM  th€9m  mmd  mADj-  other  simlli^r  cases  which  might  be  iaeiViWi\e^,  Vb^i 
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9kme  ultimate  effect  is  produced  am  in  AtmikAphcrk  ur;  Ui«  iftiott  bw  Wv- 

ever,  more  energetic,  froti)  tlic  ftbscDce  of  titc  gms  whleli,  ta  tbe  i 

the  t}Xjgen  and  enfeebles  it«  chemical  powers.     Tlae  procw  vf  i 

in  iiotnittU  la  an  effect  uf  the  »&iDe  zuitiire  ms  commoa  eonbiiitiQii,     Tii« 

lilotid  contains  substances  which  slowlv  bum  bj  the  aid  of  the  ox v  gen  thus 

iutr(»duc€il  into  the  system.     When  this  action  ceases,  life  beeomes  extinct. 

Oiyg<*n  JH  bulk  for  bulk  a  little  heavier  than  almos^berie  air*  Us  specific 
griiYity  being  1-10»j63,  referred  to  that  of  air  a«  unhr,  and  16  referred  to 
I  hat  of  hydrogen  tm  unitj.  A  litre  of  oxvgcn  at  the  staiidard  temper^turt 
and  jircK'furc,  that  ts  to  any,  at  0^  C,  and  TM^  millimetTes  baromeirie  pr«s^ 
sure,  weighs  1-43028  (cranT.  At  ISo''  C.  |»jO**  F.  ),  and  under  a  pressure  of 
SO  inches.  ICX)  cubic  inches  of  the  gii»  weigh  34-29  grains.* 

It  has  been  already  remarked,  that  to  determine  with  the  utmost  degree 
of  accuracy  the  specific  gravity  of  a  gaa,  is  an  operation  of  very  great 
practical  difficulty,  but  at  the  same  time  of  very  grreat  tmporia&ce.  There 
are  sLivt'ral  methwis  which  may  be  adopted  for  thb  purpose;  the  one  de« 
scribed  below  appf-nr^,  on  the  whole,  to  be  the  simplest  and  best.  It  re- 
quircH,  however,  the  tnoat  scrupulous  care,  and  the  observanee  of  a  number 
of  minute  precnutiouH  which  arc  absolutely  indiiapensable  to  successi. 

The  plan  of  the  opcralion  is  as  follows:  A  large  glass  globe  is  to  be  filled 
with  Uie  gas  to  be  examined  in  a  perfectly  pure  and  dry  s^te.  having  m 
known  temperature,  and  an  elti»tic  force  equal  to  that  of  the  atmosphere  at 
the  time  of  the  experiment.  The  globe  so  filled  is  to  be  weighed.  It  is 
then  to  be  exhausted  at  the  air-pump  as  far  as  possible,  and  again  weighed. 
Lustly»  it  is  to  be  filled  with  dry  air,  the  temperature  and  pressure  of  which 
are  known«  and  its  weight  once  more  determined.  On  the  stippofition 
Ihiit  the  temperature  and  eliistioity  are  the  same  in  both  cases,  the  specific 
gravity  is  at  once  obtained  by  dividing  the  weight  of  the  gaa  by  that  of 
the  air. 

Tbe  globe  or  fla.nk  must  be  made  very  thin,  and  fitted  wilh  a  hnmw  eap» 
surmounted  by  u  Mmall  but  excellent  e^top-cock.  A  delicate  thermometer 
should  be  pUeed  in  the  inside  uf  the  globe,  secured  to  the  cap.  The  gas 
must  be  generated  at  the  moment,  and  conducted  at  once  into  (he  previously 
exhauMled  vessel,  through  a  long  tube  tilled  with  fragments  of  puotice 
moisilctied  with  oil  of  vitriol,  or  some  other  extremely  hygro^icopic  mtbstlance, 
by  which  it  h  freed  from  all  molflture.  As  the  gas  is  neeesi^arily  generated 
under  some  pressure,  the  elaslicily  of  that  contained  in  the  filled  globe 
will  slightly  exceed  the  press^urc  of  the  atmosphere;  and  this  is  an  adr 
Tantage,  since,  by  opening  the  9t  op-cock  for  a  single  instant,  when  the 
globe  has  attained  an  equilibri^um  of  temperature,  the  tension  becomes  cx< 
arrly  that  of  the  air,  ho  that  till  banimunrical  correction  is  avoided,  unless 
the  pri'H*<ure  of  the  atmosphere  should  seni*ibly  vat*y  during  the  lime  oc- 
cupi**d  by  the  expcriunMii.  It  im  hurdly  necessary  to  remark  I  hat  the 
prejtJest  cure  mu?!t  ftL*o  be  tliiken  lo  purify  and  dry  the  sir  ui^ed  as 
the  standard  of  cotnpHPisun,  and  to  bring  bolli  gas  and  air  as  nearly 
as  possible  to  the  same  temperature,  to  obviate  the  necesfity  of  a  cor- 
reel  ion,  or  at  least  to  diminish  almost  to  nothing  tho  errors  involved  by 
such  a  p  roc  CHS. 

Osfffrj(.-*The  compounds  formed  by  the  direot  union  of  ozygoi  with 
other  bodies  bear  the  general  name  of  oxides:  these  are  very  numerous 
anil  iinportunt.  They  are  conveniently  divided  into  three  principal  groups 
or  clas«»'ii.  The  first  division  coniains  all  th'>se  oxides  which  resemble  in 
thi'ir  chcmiciil  rclntious  the  oxides  of  potassium,  Bodium,  silver,  or  lead: 
thep*  are  «Jenomin)tted  alhtline  or  hmie  oxidrt.  The  oxides  of  the  aecond 
group  ha?e  ptopetties  opposed  to  those  of  the  bodies  mentioned ;  the  oxides 

I,  Ann.  Chim.  Fhy^  ^^V^ii.^t*, 
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fill pb or  and  pbos^borus  mmj  be  Uke n  m  tb#  t^pieal  wpr^s^BUtlre*  •f 

k^  .^}..^u  ^   tbejr  are  called  a^d  Qzidtt,  mid  mte  c*j>»blc  of  linitiii^  wMb  abe 

i es,  and  forming  coippoaai^  «ttll«d  <ia^#.     Tbuis  wli«o  ibe  4»sida 

Di  I,    culled  sulphuric  osid«t,   i»  pasicd   in  tbe  si«te  of  \ji<.r  tjter 

j^ejiteti  barium  ojtiiie,  corjihrnanoo  takeis  pUer-,  attended  wi!  ^u* 

cence,  and  a  salt  caUe<t  bfiHum  ttilphai«  i&  produced,  con^  .  ibe 

tteoieQtii  of  the  two  uamely,  barium,  sulphur,  aini  Qiji^en. 

Tbere  is  aluo  an  ir  ip  uf  oxidi^s  called  n^/ral  (fz^du.  ttum 

alight   difposiii'ih    i^^nnfi    mio  coiubi  tiki  ion.      Tbe   black   omide  of 

a^ee,  »lrei»djr  (uentioned,  i«  an  cicelkat  example.     It  nual  not  b« 

homeYrr.    that  the  llirt-e  groupts  of  oxides  just  mettti4Mi«d  artt 

•parated  iVom  each  otber  hj  decided  lines  of  demarcation;  on  ibc 

ary,  tbey  blend  into  one  anotbar  bj  imperceptible  degrees,  and  tbe  ( 

lide  mAjr,  in  manj  c&se^,  exhibit  either  aeid  or  baaie  ?elatioo«  nceordtog 

» tbe  eimumstaneetf  under  irbicb  it  ij  placed. 

Among  salts,  iberc  ia  a  particular  group,  nanelj.  tbe  h^fdrogen  §allM,  con- 

lining  tbe  elements  of  an  acid  oxide«  and  wiiler  (lijrdrogen  oxidif^,  wbich 

cspeciaUy  tli^tingnlshed  as  aeid^,  because  n>anj  of  ibeni  poKmrise  tn  an 

QiDctit  degree  tbe  properties  to  which  (he  term  acid  id  generally  applied* 

as  a  Kour  tajste,  corrosive  action*  ^olabilitjr  in  water,  and  the  power 

ddening  certain  blue  vegetable  colors*     A  characteristic  property  of 

I  noldi.  or  hydrogen  salts,  ia  their  power  of  exchanging  their  hydrogen 

'  a  metal:  presented  to  them  in  the  free  ftate,  or  in  the  form  of  oxide. 

bus,   sulphuric  acid,    which   contains   rulpbnr,    oxygen^   and   hydrogen, 

adily  dtt^sulrcs  metallic  tine,  tbe  metal  tsking  Ibe  pl^ce  of  tbe  hydrogen, 

bbich  Is  erolTetl  as  gas,  and  forming  a  salt  containing  frulpbur,  oxjgen, 

tine;    in  fact^  a  zinc  mtphaie,   produced  from  a  hydroftn  ntlphaU  by 

ibntitution  of  line  for  hydrogen  *     The  same  tubiititution  and  formation 

line  sulphate  tJike  place  when  xinc  oxide  is  brought  in  contact  with  «ul- 

buric  acid;  but  in  tbia  case  the  hydrogen,  instead  of  being  etolrtrd  as 

s.  remaina  combined  witb  the  oxygen  derived  from  the  zinc  oxide,  form- 

ftg  water,  f  ^ 

"  A  «»ri«a  of  oxides  eontaining  quaDtittes  of  oxygen  in  the  proportion  of 

he  numbers  1,  2,  3,  united  with  a  constant  quantity  of  another  elemeiiW 

Ire  dislirigubbed  as  monnzuJ^t  dioxtdK  and  trtintde  respectively,  the  Greek 

timerals  Indicating  the  fteveri^l  degrees  of  oxiilMlion.     A  compuund  ial«r- 

mediate  between  a  monoxide  mad  ft  dioxide  is  caUed  a  itsfwoztde^  e,  g.  •* 


ChmmJiun.      Ozyfou 

Chromium  monoxide dJo    -{-     ItS 

Cbroiniuni  sesquioxide  .  .  ,  .  ,  52*5  4-  ^^ 
Cbroiuium  dioxide  ...,.*.  525  -j-  2'1 
Cbromium  trioxide 52-5    4~     ^ 


^^K  "When  a  metal  forms  two  bftalo  or  salifiable  oxides,  they  are  disiinguisbed 
'       by  adjectival  terms  ending  in  oim  for  tbe  lower,  and  ie  for  tbe  bigher  de- 

Igree  of  oxidation,  e.  y. : 
I  Iron,       Oxygi»n. 

I       Iron  monoxide,  or  Ferrous  oxide      .        .        *        .     56    >{•     Itj 
I       Iron  sesquioxide,  or  Ferric  oxide  .        .        .         bH    *\-    2A 

t 
lib 


e  sails  reuniting  from  tbe  action  of  acids  on  these  oxides  are  abo  dis* 
ijtguisbed  as  ferrous  and  ferric  Halts  reHpeclivety. 
Acid  oxides  of   the  same  element,   sulphur  for  example,  tre  aUo  dift* 
UngiLiabed  by  tbe  terminalion^  <wi/  and  te,  applied  as  abo^« ;  tUeVc  aici^v 


JJ 


Za   =  5a^Za   -J-   Ifg 


f  BOiUf  -f   zo  o  -  eo^  ^-  cm« 
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same  ultimate  effect  is  prodnced  ms  in  atmospheric  air;  the  action  is,  how- 
eTcr.  more  energetic,  from  the  absence  of  the  gas  which,  in  the  air,  dilutes 
the  oxygen  and  vufceblcs  its  chemical  powers.  Tfao  process  of  respiration 
in  animals  is  an  effect  of  the  same  nature  as  common  combustion.  The 
blood  contains  subfttances  which  slowly  burn  by  the  aid  of  the  oxygen  thus 
introduced  into  the  system.     When  this  action  ceases,  life  becomes  extinct. 

Oxygen  is  bulk  for  bulk  a  little  heavier  than  atmospheric  air,  its  specific 
gravity  being  1-10-3G.3,  referred  to  that  of  air  as  unity,  and  16  referred  to 
that  of  hydrogen  as  unity.  A  litre  of  oxygen  at  the  standard  temperature 
and  pressure,  that  is  to  say,  at  0°  C,  and  760  millimetres  barometric  pres- 
sure, weighs  1-43028  gram.  At  15*6°  C.  (<jO^  F.),  and  under  a  pressure  of 
30  inches,  100  cubic  inches  of  the  gas  weigh  34*29  grains.* 

It  has  been  already  remarked,  that  to  determine  with  th«  utmost  degree 
of  accuracy  the  specific  gravity  of  a  gas,  is  an  operation  of  very  great 
practical  difficulty,  but  at  the  same  time  of  very  great  importance.  There 
are  several  methods  which  may  be  adopted  for  this  purpose:  the  one  de- 
scribed below  appears,  on  the  whole,  to  be  the  simplest  and  best  It  re- 
quires, however,  the  most  scrupulous  care,  and  the  observance  of  a  number 
of  minute  precautions  which  are  absolutely  indispensable  to  sueoess. 

The  plan  of  the  operation  is  as  follows:  A  large  glass  globe  is  to  be  filled 
with  the  gas  to  be  examined  in  a  perfectly  pure  and  dry  state,  having  a 
known  temperature,  and  an  clastic  force  equid  to  that  of  the  atmosphere  at 
the  time  of  the  experiment.  The  globe  so  filled  is  to  be  weighed.  It  is 
then  to  be  exhausted  at  the  air-pump  as  far  as  possible,  and  again  weighed. 
Lastly,  it  is  to  be  filled  with  dry  air,  the  temperature  and  pressure  of  which 
are  known,  and  its  weight  once  more  determined.  On  the  supposition 
that  the  temperature  and  elasticity  are  the  same  in  both  cases,  the  specific 
gravity  is  at  once  obtained  by  dividing  the  weight  of  the  gas  by  that  of 
the  air. 

The  globe  or  flask  must  be  made  very  thin,  and  fitted  with  a  brass  cap, 
surmounted  by  a  small  but  excellent  stop-cock.  A  delicate  thermometer 
should  be  placed  in  the  inside  of  the  globe,  secured  to  the  cap.  The  gas 
must  be  generated  at  the  moment,  and  conducted  at  once  into  the  previously 
exhausted  vessel,  through  a  long  tube  filled  with  fragments  of  pumice 
moistened  with  oil  of  vitriol,  or  some  other  extremely  hygroscopic  substance, 
by  which  it  is  freed  from  all  moisture.  As  the  gas  is  necessarily  generated 
under  some  pressure,  the  elasticity  of  that  contained  in  the  filled  globe 
will  slightly  exceed  the  pressure  of  the  atmosphere;  and  this  is  an  ad- 
vantage, since,  by  opening  the  stop-cock  for  a  single  instant,  when  the 
globe  has  attained  an  equilibrijiim  of  temperature,  the  tension  becomes  ex- 
actly that  of  the  air,  so  that  all  barometrical  correction  is  avoided,  unless 
the  pressure  of  the  atmosphere  should  sensibly  vary  during  the  time  oc- 
cupied by  the  experiment.  It  is  hardly  necessary  to  remark  that  the 
greatest  care  must  also  be  taken  to  purify  and  dry  the  air  used  as 
the  standard  of  comparison,  and  to  bring  both  gas  and  air  as  nearly 
as  possible  to  the  same  temperature,  to  obviate  the  necessity  of  a  cor- 
rection, or  at  least  to  diminish  almost  to  nothing  the  errors  involved  by 
such  a  process. 

Oxides.  —  The  compounds  formed  by  the  direct  union  of  oxygen  with 
other  bodies  bear  the  general  name  of  oxides :  these  are  very  numerous 
and  important.  They  are  conveniently  divided  into  three  principal  groups 
or  clasHos.  The  first  division  contains  all  those  oxides  which  resemble  in 
their  chemical  relations  the  oxides  of  potassium,  sodium,  silver,  or  lead: 
these  are  denominated  alkaline  or  basic  oxides.  The  oxides  of  the  second 
group  hare  properties  opposed  to  those  of  the  bodies  mentioned ;  the  oxides 

*  DuuMB,  Ann.  Cbim.  Pb7«.  \.^^  UV.  ^^. 
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«f  enlphur  mnd  phosphoruB  may  be  laken  as  tb©  fypioal  represent tttives  of 
the  el]Ls»;  they  *re  culied  aruJ  oj^tt/fn,  mid  arc  cmiJMbK-  of  uniting  with  llie 
h«Mtc  oxides,  and  torming  comjjoiaids  «uiktl  »aif».  Tinia,  wlien  iIh'  oxido 
of  ftulphnr,  called  hulpdunc  omdet  in  pu^bt^d  in  the  Male  cd  vupor  over 
bellied  bmiuni  oiiiks  cMUjhiiiaiion  takes  placL%  alteiidt'd  wiih  viud  incan- 
dt»sc4»acc,  and  a  gait  called  buriuiu  HiilpLute  is  produced,  conluining  all  the 
eleiii(fnl>t  of  the  iwo  original  boiHes,  nuuicly,  burinm,  t$iilpLur,  and  oxygon. 

Therr  IB  also  an  intcMiiediale  group  of  oxides  eaUt'd  nr'utrttl  oji</«.  tram 
their  alight  disposition  (0  enter  into  combination.  The  black  oxide  of 
inaiigiinese,  already  njentioried^  ^»  ^^  excellent  exutiiple.  It  niUi^L  not  be 
iuppoa«d,  howerer,  Ibal  the  three  gronpj;*  of  oxides  }u?ii  mentioned  aro 
•epiarftted  from  each  other  by  docidtid  lines  of  denmrcutioii;  on  the  eoii- 
trarj,  they  blend  into  one  auotbor  by  imperceptible  degrees,  and  the  same 
Oiide  may«  in  many  ca«es,  exhibit  either  acid  or  basic  relations  accorditig 
to  the  ciroumstanceB  under  which  it  is  placed. 

Among  Halts,  there  is  a  particular  group*  namely,  the  hijdroffm  mU»,  con- 
taiaiog  the  elemeot^  of  an  acid  oxide,  and  water  (hydrogen  oxide j,  which 
mre  espcctaUy  distinguished  as  acid«,  because  many  of  tbeni  p08(<e»^  in  an 
etDineDt  degree  the  properties  to  which  the  term  acid  is  generally  applied, 
such  as  a  sour  taste,  corrosive  action,  i^olubililv  in  water,  atul  the  power 
of  reddening  certain  blue  vegetable  colors,  A  cbaracteristic  properly  of 
thctte  aeiids*  or  hydrogen  salts,  is  their  power  of  exchanging  their  hydrogen 
for  a  metiil  presented  to  them  in  the  free  fiate,  or  in  ihe  form  of  oxide. 
Thus,  flulphuric  acid,  which  contains  sulphur,  oxygen,  and  hydrogen, 
rea<ltty  dia-iolves  metallic  xinc,  the  metal  taking  the  plkce  of  the  hydrogcUf 
which  is  evolved  as  gus,  and  forming  a  salt  eontaining  bulpbur.  oxygen, 
and  xliic;  in  fact,  a  zitic  tufphatfy  produced  from  ti  hjiircHjtn  ^ulphnte  by 
BubttitutioD  of  line  for  hydrogen  *  The  same  substiiuiion  and  furmaiioa 
of  xino  sulphate  take  place  when  zinc  oxide  i^  brought  in  contact  with  sul- 
{ihuric  acid;  but  in  this  case  the  hydrogen,  ini»tead  of  being  evolved  ab 
f«s,  rem&ins  combined  with  the  oxygen  derived  from  the  zinc  oxide,  form- 
ing fTAter.f  '^ 

A  peries  of  oxides  containing  quantities  of  oxygen  in  ihe  proportion  of 
tlfce  nambers  1^  2,  3,  united  with  a  constant  quantity  of  another  element, 
ar«  distinguished  as  monozidt^  dioxide^  and  triozide  respectively,  tbe  (ireek 
muiicrmb  indicatiag  the  several  degrees  of  oxidation.  A  compound  inter- 
iB«diAt«  between  a  monoxide  and  a  dioxide  is  CttUed  a  Muguioxide,  e.  g, : 


Chromium  monoxide 
Chromium  sesqui oxide 
Chromium  dioxide  . 
Chroiuium  Irioxide 


ClirDtniuin.      Oiygiea. 
.      bib     -h      111 

62-6     -f     24 
-     62*6     +     32 

62-5     -f     48 


When  %  met&l  forms  two  basic  or  salifiable  oxides,  they  are  distinguished 
bj  axyecttval  terms  ending  in  ous  for  the  lower,  and  ic  for  the  higher  de- 
gTM  of  oxidation,  e.  g. : 

Iron.        Oxygon, 
Iroo  monoxide,  or  Ferrous  oxide       .         ,         .         .66+10 
Iron  sesquioxide,  or  Ferric  oxide  -         .         -         66    +     ^^ 

The  mXin  resulting  from  the  «ction  of  acids  on  these  oxides  are  also  dis- 
tifigutshed  a5  ferrous  and  ferric  salts  respectively. 

Acid  oxides  of  the  surai*  element,  sulphur  for  example,  arc  also  dis- 
tinguished by  the  terminations  om  and  tc,  Applied  as  abuii« ;  VWit  VbCV^ft, 


J2 


£n   ^  SOgZa  -f  /i^ 


t  ^H,     +     Zn  O  ^  m^  ^  ^^ 
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or  hydrogen  salts,  receire  corresponding  names;  and  the  salts  formed 
from  these  acids  are  distinguished  by  names  ending  in  tie  and  ate  respec- 
tiyely.     Thus,  for  the  oxides  and  salts  of  sulphur : 

Sulphur.       Oxjgen. 

Sulphurous  oxide 82     4.     82 

Hjdrogm. 
Hydrogen  sulphite,  or  Sulphurous  acid         .        82     ^.     48    -f~        ^ 

LtmL 
Lead  sulphite 82    +    48+207 

Sulphuric  oxide 82    +     48 

Hjdrogsn* 
Hydrogen  sulphate,  or  Sulphuric  acid       .        .     82    +    64    +        2 


Lead  sulphate 82     +     64+207 

The  acids  above  spoken  of  are  oxygen-acids ;  and  formerly  it  was  sap- 
posed  that  all  acids  contained  oxygen — that  element  being,  indeed,  re- 
garded as  the  acidifying  principle;  hence  its  name  (p.  128).  At  present, 
however,  we  are  acquainted  with  many  bodies  which  possess  all  the  char- 
acters above  specified  as  belonging  to  an  acid,  and  yet  do  not  contain 
oxygen.  For  example,  hydrochloric  acid  (formerly  called  mariatic  acid, 
or  spirit  of  salt)  —  which  is  a  hydrogen  chloride,  or  compound  of  hydrogen 
and  chlorine — is  intensely  sour  and  corrosive;  reddens  litmus  strongly; 
dissolves  zinc,  which  drives  out  the  hydrogen  and  takes  its  place  in  com- 
bination with  the  chlorine,  forming  zinc-chloride;  and  dissolves  most  me- 
tallic oxides,  exchanging  its  hydrogen  for  the  metal,  and  forming  a  metal- 
lic chloride  and  water.* 

Bromine,  iodine,  and  fluorine  also  form,  with  hydrogen,  acid  compounds 
analogous  in  every  respect  to  hydrochloric  acid. 

Compounds  of  chlorine,  bromine,  iodine,  fluorine,  sulphur,  selenium, 
phosphorus,  &c.,  with  hydrogen  and  metals,  are  grouped,  like  the  oxygen 
compounds,  by  names  ending  in  ide:  thus  we  speak  of  sine  chloride,  cal- 
cium fluoride,  hydrogen  sulphide,  copper  phosphide,  &c.  The  numerical 
prefixes,  mono^  di,  tri,  &c.,  as  also  the  terminations  out  and  tc,  are  applied 
to  these  compounds  in  the  same  manner  as  to  the  oxides,  thus : 

Hydrogen.  Bromfott. 

Hydrogen  bromide 1  +80 

Potanrinm.  Sulphur. 

Potassium  monosulphide 78-2  +         82 

Potassium  disulphide 78*2  -{-        64 

Potassium  trisulphide  .         .         ...      78*2  -f-         96 

Potassium  tetrasulphide         ....     78-2  +       128 

Potassium  pentasulphide    .        .        .         .        78*2  -{-160 

Iron.  Chlorine. 

Ferrous  chloride 56  +        71 

Ferric  chloride 56  -|-       105*5 

Tin.  Sulphur. 

Stannous  sulphide 118  +        64 

Stannic  sulphide 118  +12^ 

The  Latin  prefixes  uniy  bi,  ier,  quadro,  &c.,  are  often  used  instead  of  the 
corresponding  Greek  prefixes ;  there  is  no  very  exact  rule  respecting  their 

*  Action  of  hydrochloric  acid  on  sine : 

•2HCI    +     Zn    =    Zn(\    -V    H^ 
ilctioD  of  hydrochloric  add  on  line  oxVoft; 
2iiCl    -I-     ZdO  =  ZnCa^  ^  OOt 
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WB^z  hui,  ftner&llj  Bpenking,  it  19  best  to  employ  a  Oreek  or  Latin  prefix^ 
liiccorilirig  «s  the  word  before  which  it  is  plactnl  in  of  Greek  or  Latin  origin  ; 
|4hus,  dioxide  corresponds  to  /^/i*iilphiJe ;  oa  the  whok%  however,  the  Greek 
|«^r«ftxe&  Are  most  gencriklljr  employed. 

I  Osoii.  —  It  has  long  been  known  that  drj  oxjgen,  or  atmofipberic  air, 
LWhea  exposed  Ut  the  aotioo  of  n  series  of  elect ric  eparks^  enjit8  u  peculiar 
M&d  sowewhai  metallic  odor.  The  saine  odor  may  be  imparted  to  moist 
■•xjgen  bj  allowing  phoi»pborus  to  remain  for  smne  time  in  it,  and  hf 
UMirernI  other  processes.  A  more  accurate  examination  of  this  odorous  air 
lliaa  shown  that,  in  addition  to  the  fiuifllf  it  poBseases  several  properties 
Ifiot  exhibited  by  oxygen  in  its  ordinary  Mate.  One  of  lU  moat  cbar- 
IttcterisUc  effects  is  the  liberation  of  iodine  from  potassium  iodide.  This 
Inodorous  principle  has  been  the  subject  of  many  researches,  in  particular 
mhj  Scbonbela,  of  Basle,  who  proposed  for  it  the  name  of  ozone.* 
I  An  easy  method  of  exhibiting  the  production  of  ozone  is  to  transmit  s 
pBurrent  of  oxygen  through  a  tube  into  which  a  pair  of  platinum  wires  is 
laealed,  with  the  points  at  1%  little  distance  apart;  on  connect iog  one  of  the 
Kwirea  with  the  prime  conductor  of  an  electrical  macbine  in  good  aciion, 
■And  the  other  with  the  ground,  tbe  characteristic  odor  of  oione  is  irn* 
hnedtatety  developed  in  the  issuing  gaa ;  but,  notwiihsianding  the  powerful 
■bdor  ihua  produced,  only  a  small  portion  of  the  oxygen  undergoes  this 
bhange.  Andrews  and  Tait  have  shown  that,  to  obtain  tbe  nittxinmm  of 
psvone,  H  is  necessary  to  transmit  the  discharge  silently,  bi'twecn  very  fine 
ibointa;  if  sparks  are  allowed  to  pass,  a  considerable  portion  of  the  0£0Q0 
Hi  reconTcrted  into  ordinary  oxygen  as  fnH  as  it  is  formed.  Siemens  pre- 
Bbarea  ozone  by  induction:  he  forms  a  sort  of  Leyden  jar,  by  coating  the 
HateHor  of  a  long  tube  with  tin -foil,  and  passes  over  this  tube  a  second 
fcwider  tuba  coated  with  tin-foil  on  its  outi^r  surface*  Between  the  two  tubes 
k  current  of  pure  dry  oxygen  is  passed,  which  hccotiies  electrified  by  in- 
Muctioa,  on  connecting  the  inner  and  outer  cotiting  with  the  tormiuMl  wires 
bf  an  indiielion-ooil;  by  this  means  il  is  said  that  from  111  to  15  per  ceut« 
■of  the  oxygt!n  may  be  converted  inio  oxone, 

f  O«onc  may  also  be  obtained  in  sevcrnl  way*,  without  iho  aid  of  elec- 
Mgioiijr  thus  it  is  formccl  in  wmall  iiuaiiiity  when  a  stick  of  phosphorus  is 
H|^«nded  in  a  bottle  filled  with  moist  air;  by  the  slow  oxidaiion  of  ether, 
Buof  turpentine,  and  other  csseiitiat  oils;  in  the  electrolytic  decomposition 
Bof  water;  and  by  the  action  of  strong  gulphiirio  acid  on  potassium  per* 
imanganate.f  There  has  been  considerable  discussion  about  tbe  nature  and 
BBomposition  of  oione;  but  the  most  trustworthy  experiments  seem  to  show 
■that,  in  whatever  way  produced,  it  is  merely  a  modified  turrn  of  oxygen. 

■  Ofone  is  insoluble  in  water  and  tn  if^olutions  of  acids  or  alkalies,  but  13 
■absorbed  by  a  solution  of  potassium  iodide.  Air  charged  with  it  exerts  jin 
ilrritatiog  actiun  on  the  lungs*  Oxono  is  decomposed  hy  heat,  gradually  at 
1 100^  C.  (^:212°  F.,)  instantly  at  29tF  t:.  (^54^  F.)  It  is  nn  extremely  power- 
gfiil  oxidiiing  agent;  possesses  strong  bleaching  and  di^inft^ctiiig  powers; 
Btt^oder  cork,  caoutchouc,  and  other  organic  substances;  nnd  rapidly 
HpKf ea  iron,  copper,  and  even  silver  when  moist,  as  well  as  dry  mercury 
Kod  iodine.  It  is  remarkable  I  hat  the  absorption  of  oxone  by  these  and 
father  agents  is  not  attended  with  any  contraction  of  volume.  The  expla- 
I  nation  of  this  fact  appears  to  be,  that  oxygen  when  ozonized  diminishes  in 
I  Tolume  (in  the  proportion  of  3  to  2,  accurding  to  Sorct),  and  tliiit  when 
^Ihe  uxone  is  decnmpos^cd  by  a  metal  or  other  substance,  one  portion  of  it 

■  enters  into  combinaHon,  while  the  remniu'ler,  which  is  set  free  as  ordinary 
B^xygen^  occupies  the  same  bulk  as  the  ozone  itself. 

■  /f  A*0c*,  macanUng  to  A,  ijo»0^a,  hf  Ike  actha  of  jiulphnrtc  add  on  barium  dioxida.  -¥t,  ^.\ 


^ 


^ 
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The  most  delicate  test  for  the  presence  of  osone  in  any  gas  is  afforded  bj 
a  strip  of  paper  moistened  with  a  mixture  of  starch  and  solution  of  po- 
tassium iodide.  On  exposing  such  paper  to  the  action  of  osone,  the  po- 
tassium iodide  is  decomposed,  its  potassium  combining  with  oxygen,  while 
the  iodine  is  libemtcd,  and  forms  a  deep  blue  compound  with  the  starch. 
Now.  when  paper  thus  prepared  is  exposed  to  the  open  air  for  fiye  or  ten 
minutes,  it  often  acquires  a  blue  tint,  the  intensity  of  which  Taries  on  dif- 
ferent days.  Hence  it  has  been  plausibly  supposed  that  oxone  is  present 
in  the  air  in  rarialle  quantity.  But  iodine  may  be  liberated  from  po- 
tassium iodide  by  many  other  agents,  especially  by  certain  oxides  of  ni- 
trogen, which  are  rery  likely  to  be  present  in  the  air  in  minute  quantities : 
hence  the  existence  of  ozone  in  the  air  cannot  be  proTed  to  be  present  by 
this  reaction  alone. 


HTBBOOXV. 

Hydrogen  may  be  obtained  for  experimental  purposes  by  deoxidizing 
water,  of  which  it  forms  a  characteristic  component.* 

If  a  tube  of  iron  or  porcelain,  containing  a  quantity  of  filings  or  tnmings 
of  iron,  be  fixed  across  a  furnace,  and  its  middle  portion  be  made  red-hot, 
and  then  the  vapor  of  water  transmitted  over  the  heated  metal,  a  large 
quantity  of  permanent  gas  will  be  disengaged  from  the  tube,  and  the  iron 
will  become  converted  into  oxide,  and  acquire  an  increase  in  weight.  The 
gas  is  hydrogen :  it  may  be  collected  over  water  and  examined. 

Hydrogen  is,  however,  more  easily  obtained  by  decomposing  hydrochloric 
or  dilute  sulphuric  acid  with  zinc,  the  metal  then  displacing  the  hydrogen 
in  the  manner  already  explained  (p.  138). 

The  simplest  method  of  preparing  the  gas  is  the  following :  A  wide-necked 

bottle  is  chosen,  and  fitted  with  a  sound 
•fV*^  cork,  perforated  by  two  holes  for  the 

f:^  reception  of  a  small  tube-funnel  reach- 

^1  ing  nearly  to  the  bottom  of  the  bottle, 

and  a  piece  of  bent  glass  tube  to  convey 
away  the  disengaged  gas.  Granulated 
zinc,  or  scraps  of  the  malleable  metal, 
are  put  into  the  bottle,  together  with  a 
little  water,  and  sulphuric  acid  slowly 
added  by  the  fkinnel,  the  point  of  which 
should  dip  into  the  liquid.  The  evolu- 
tion of  gas  is  easily  regulated  by  the 
supply  of  acid ;  and  when  enough  has 
been  discharged  to  expel  the  air  of  the 
vessel,  it  may  be  collected  over  water 
in  a  jar,  or  passed  into  a  gas-holder. 
In  the  absence  of  zinc,  filings  of  iron  or 
small  nails  may  be  used,  but  with  less 
advantage. 

A  little  practice  will  soon  enable  the 

pupil  to  construct  and  arrange  a  variety  of  useAil  forms  of  apparatus,  in 

which  bottlctt,  and  other  articles  always  at  hand,  are  made  to  supersede 

more  co»tljr  iusirumcDts,     Glass  tube,  purchased  by  weight  of  the  maker, 


*  IlMice  the  name,  from  Mw^  w«tar,aBd  y«v. 
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may  b«  eat  by  scmtehiitg  with  s  file,  and  then  applying  a  Httlc  force  with 
^  botli  hanrLs.  It  may  he  softened  and  bent,  when  of  imiall  diuien^iotiftf  liy  th 
I  flame  of  a  spinl-Iainp,  or  a  CHiuilG,  or,  better,  by  a  ga^  j^t.  Porks  may  b«' 
perforated  by  a  heate^i  wire,  and  the  hole  remitted  Hinnolh  nnd  eyliudrical 
by  a  round  file;  or  the  ingeutoud  oork-horer  of  Dr,  Mohr,  now  to  he  had  of 
all  Lnatrument-maken.  may  be  used  instead*  La:3tly,  in  the  event  of  bad 
fiuing,  or  unsonndneas  in  the  cork  iti*elC  a  little  yellow  wax  melted  over  the 
surface^  or  eren  a  Uule  grease  applied  with  the  fingerj  renders  it  sound  and 
air-tighl,  when  not  exposed  to  heaL 

Hydrogen  is  colorless,  ta.^telei*s,  and  inodorous  when  quite  pure.  To  ob- 
iaia  it  in  this  condition,  it  tnu^i  bo  prepared  from  the  purest  linc  I  hat  ean 
be  obtained,  and  pa*se«l  in  gucceasioii  through  solulioiis  of  potash  and  silver 
nitrate.  When  prepared  from  commercial  ziiic^  it  has  a  flight  amidl,  which 
in  due  to  impurity,  and  when  iron  has  hei-u  used,  the  odor  is  very  i?(roiig 
and  diaagreeable.  It  is  intlsLmmiibIc  and  htirnH,  when  kindled,  with  a  pok% 
.  yellowish  flame,  evolving  uiueh  heat,  hut  very  little  light.  The  result  of  the 
eombu«(tion  i^  water.  It  is  even  Ic^^s  soluble  in  water  than  oxygen,  and  has 
never  been  liquefied.  Although  deatitutc  of  poiaonoua  properties,  it  is  in- 
capable of  sustaining  life. 

IT    '     _      i    the  lightest  substance  known;  Bumaa  and  Boub- 

Biuu  Us  density  between  (>()<>frl  and  OOfl'Jo.*  referred 

^-Lii„:  .^-  .1.;   as  unity.     The  weight  of  a  litre  of  hydropfen  at 

^  C-,  and  under  a  barometric    pressure   of  O-TtiO  metre,  is 

Wl  gram;  oonsequontly,  a  gram  of  hydrogen  occupies  a 

'  0paee  of  ll-liVOlT  litres. f     At  1 5-5*'  C.  (tilP  F.),  and  m  inchejj 

'  barotuclno  pressure,  100  cubic  inches  weigh  2  14  grniiisi. 

When  a  ga^!  is  much  lighter  or  much  heavier  than  atmoa^ 
pheric  air,  it  may  often  be  collect e<I  and  csamiuf.'d  wjthoul  the 
aid  of  the  patMimatic  trough.     A  bottle  or  narrow  jar  may  bo 
filled  with  hydrogen  without  much  admixture  of  air»  by  invert- 
ing it  over  the  extremity  of  an  upright  tube  delivering  the  gus. 
In  a  short  time,  if  the  supply  be  copious,  the  air  will  be  wholly 
ditipbieed,  and  the  vej^sel  filled.     It  may  now  be  removed,  the 
Tertical  pf^sition  being  carefully  retained,  and  closed  by  a  ntop- 
fK*r  or  gltts^?!  plftte.     If  the  mouth   of  the  jiir  he  wide,  it  must, 
be  partially  closed  by  a  piece  of  **ardhonrd  during  the  operation*     This 
method  of  collecting  gtisos  by  displacement  is  often  extremely  useful,     Hy- 
^  was  formerly  used  for  filling  air-balloons,  being  nmde  for  the  pur- 
llbe  spot  from  line  or  iron  ami  dilute  sulphuric  acid.    l*s  use  is  now 
fled  by  that  of  coal-gas,  which  may  he  made  very  light  by  employ- 
ing a  high  temperature  in  tho  manufficture.     Although  far  inferior  (o  pur© 
hydrogen  in  buoyant  power,  it   ts  found  in  practice  to  possess  advnnlages 
over  that  substance,  while  its  greater  density  ia  easily  compensated  by  in- 
erea»ing  the  magnitude  of  the  balloon. 

There  is  a  very  remarkiible  properly  possessed  by  gases  and  vapors  in 
generaU  which  is  seen  tn  a  high  degree  of  intensity  in  the  cui*e  of  hydrogen; 
this  is  what  is  calh'd  dilutive  power.  If  two  bottles  contuining  gases  which 
do  not  ftoi  chemically  upon  each  other  at  common  temperatures  be  connected 
by  a  narrow  tube  and  left  for  some  time,  the  ga<*es  will  be  found,  at  the  ex* 
piration  of  a  certain  period,  depending  much  upon  the  niirrowness  of  the 
lube  and  its  length,  uniforml^-^  mixed,  e^en  though  they  differ  greatly  in 
density,  and  the  system  has  been  arntngcd  in  n  vertical  position,  with  the 
hearier  gna  downiviirds.  Oxygen  mid  hydrogen  can  «hu»  be  uuide  to  mix, 
in  a  few  bourii,  against  the  action  of  gravity,  through  a  tube  a  yard  in 

•  Ann.rtilm.  PHy<  .  Hd  *i^tit^n,  rJtt,  301, 

f  .%*»  n»mrM/'f*rf§t»Mf/ttn,  /t  wruy  ^r  rr«m"mh*»rfv|  that  A  litrn  uf  hydromti  If fAfe^V*  Q-W  rnuxv, 
r  u  tr^ff/jirntnts.  mini  »  grt^m  of  hydrogvu  tnv«p/«s  111  Jltrtni. 


4 


.i 


138 


HYDBOGSN. 


length,  and  not  more  than  one  Quarter  of  an  inch  in  diameter:  and  the  fact 
is  true  of  all  other  gases  which  are  destitute  of  direct  action  upon  each 
other. 

If  a  yessel  be  diyided  into  two  portions  by  a  diaphragm  or  partition  of 
porous  earthenware  or  dry  plaster  of  Paris,  and  each  half  filled  with  a  dif- 
ferent gas,  diffusion  will  immediately  commence  through  the  pores  of  the 
dividing  substance,  and  will  continue  until  perfect  mixture  has  taken  place. 
All  gases,  howcTer,  do  not  permeate  the  same  porous  body,  or,  in  other 
words,  do  not  pass  through  narrow  orifices  with  the  same  degree  of  facility. 
Professor  Graham,  to  whom  we  are  indebted  for  a  Tery  yaluable  inyestiga- 
tion  of  this  interesting  subject,  has  established  the  existence  of  a  very 
simple  relation  between  the  rapidity  of  diffusion  and  the  density  of  the  gas, 
which  is  expressed  by  saying  that  the  diffusive  power  varies  inversely  as 
the  square  root  of  the  density  of  the  gas  itself.  Thus,  in  the  experiment 
supposed,  if  one  half  of  the  vessel  bo  filled  with  hydrogen  and  the  other 
half  with  oxygen,  the  two  gases  will  penetrate  the  diaphragm  at  very  dif-' 
ferent  rates;  four  cubic  inches  of  hydrogen  will  pass  into  the  oxygen  side, 
while  one  cubic  inch  of  oxygen  travels  in  the  opposite  direction.  The  den- 
sities of  the  two  gases  arc  to  each  other  in  the  proportion  of  1  to  16;  their 
relative  rates  of  diffusion  will  be  inversely  as  the  square  roots  of  these 
numbers,  i.  «.,  as  4  to  1. 

In  onlcr,  however,  that  this  law  may  be  accurately  observed,  it  is  neces- 
sary that  the  porous  plate  be  very  thin;  with  plates  of  stucco  an  inch  thick 
or  more,  which  really  consist  of  a  congeries  of  long  capillary  tubes,  a  dif- 
ferent law  of  diffusion  is  observed.*  An  excellent  material  for  diffusion 
experiments  is  the  artificially  compressed  graphite  of  Mr.  Brockedon,  of  the 
quality  used  for  making  writing- pencils.  It  may  be  reduced  by  cutting  and 
grinding  to  the  thickness  of  a  wafer,  but  still  retains  considerable  tenacity. 
The  pores  of  this  substance  appear  to  be  so  small  as  entirely  to  prevent  the 
transmission  of  gases  in  mass,  so  that,  to  use  the  language  of  Mr.  Graham, 
it  acts  like  a  molecular  sieve,  allowing  only  molecules  to  pass  through. 

The  simplest  and  most  striking  method  of  exhibiting  the 
phenomenon  of  diffusion  is  by  the  use  of  Graham's  diffu- 
sion-tube. This  is  merely  a  piece  of  wide  glass  tube  ten  or 
twelve  inches  long,  having  one  of  its  extremities  closed  by 
a  plate  of  plaster  of  Paris  about  half  an  inch  thick,  and 
well  dried.  When  the  tube  is  filled  by  displacement  with 
hydrogen,  and  then  set  upright  in  a  glass  of  water,  the 
level  of  the  liquid  rises  in  the  tube  so  rapidly,  that  its 
movement  is  apparent  to  the  eye,  and  speedily  attains  a 
height  of  several  inches  above  the  water  in  the  glass.  The 
gas  is  actually  rarefied  by  its  superior  diffusiye  power  over 
that  of  the  external  air. 

It  is  inipo9sible  to  over-estimate  the  importance  in  the 
economy  of  Nature  of  this  very  curious  law  affecting  the 
constitution  of  gaseous  bodies :  it  is  the  principal  means 
by  which  the  atmosphere  is  preserved  in  a  uniform  state, 
and  the  accumulation  of  poisonous  gases  and  exhalations 
in  towns  and  other  confined  localities  prevented. 
A  partial  separation  of  gases  and  vapors  of  unequal  diffusibility  may  be 
effected  by  allowing  the  mixture  to  permeate  through  a  plate  of  graphite  or 
porous  earthenware  into  a  vacuum.  This  effect,  called  atmolyna^  is  best  ex^ 
hibited  by  means  of  an  instrument  called  the  tube-afmolt/ser.  This  is  simply 
a  narrow  tube  of  unglazed  earthenware,  such  as  a  tobacco-pipe  stem,  two 
feet  long,  which  is  placed  within  a  shorter  tube  of  glass,  and  secured  in  its 

*  Av»  BuDscn'H  GoAometrr,  p.  203;  Qraham*B  Elements  ot  CYiem\«tn,^  «A^\V. «ll\  WUtfl*a 
IHctiODary  of  Cbemistry,  iil  S16. 
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posiUon  by  corks.  Tbe  glass  liibo  ttt  connected  with  an  air-pump,  and  the 
ftiitialar  «pace  between  the  two  tubes  is  mnde  a.*  rieiirly  vacuous  jis  p<j»^ib1e. 
Air  or  oilier  mixed  gaa  is  then  allowed  to  tlow  aIouj^  tJie  elity  fuhe  iu  a  slow 
fltream,  an*l  collected  as  it  issues.  The  gaa  or  air  ntumlysed  is,  of  course, 
reduced  iu  volume,  much  gas  peneinitiug  tbrougli  the  pores  of  ibe  cIaj 
tube  into  the  air-pump  vaouum^  and  the  lighter  gas  diffusing  the  more  rnp- 
idly,  so  that  the  proportion  of  the  denser  eoui^tiluent  ia  iucrea«ed  in  the  gtm 
collected,  tn  one  experiment^  the  proporiioiii  of  oxygen  in  the  air,  afier 
trmTerfliing  the  atmolyser,  waa  increased  from  UOH  |ier  cent.,  whieh  i»  the 
normml  proportion*  to  24-5  per  cent.  With  a  mixture  of  oxygen  and  hy- 
dro^n,  the  aeparation  is,  of  course,  still  mfire  coui^iderftble,* 

A  dbtinctiou  must  be  cjircfullj  drawn  between  real  diffusion  through  Pninll 
ap«rtiir«!,  and  the  apparently  similar  passage  of  ga^ses  through  membran* 

hpas  diAphr&gais,  such  aa  caoutchouc,  bladder,  gold-heater's  Bkin,  etc*  In 
Ibis  made  nf  passage,  which  [9  called  osmose^  the  rale  of  intercbangc  de- 
peii<ls  partly  on  the  relative  diffu^ibilities  of  the  gases,  partly  on  the  differ* 
vni  degrees  of  adhesion  exertdl  by  the  membrane  on  the  different  gases, 
by  Tirtue  of  which  the  gas  which  adheres  most  powerfully  penetrates  the 
diaphragm  most  easily  and,  attaining  the  opposite  svirface,  mixes  with  the 
olber.  A  sheet  of  caoutchouc  lied  over  tbe  mouth  of  a  wide-moulhed 
l^fii..  tiu^.]  with  hydrogen,  is  soon  prewsed  inwarda,  even  to  burBtirig,  If 
til  'ift  filled    with   air,  aiiti  plaeetl  in  nn  atmosphere  of  hydrogen, 

111  1!^  and  bursting  l4ikes  place  outwanJs*      If  the  iiietnhranc  ia  moiflt, 

the  reaiiit  i»  likewige  affected  by  the  different  solubilities  of  the  gases  in  (he 
water  or  other  liquid  which  wets  it.  For  exiimplet  tbe  diffusive  power  of 
carbonic  acid  into  atmospheric  air  i^  very  small,  but  it  passes  into  the  latter 
ihrotiirh  a  wet  bhidiler  with  the  ultnost  eascJn  viriue  of  ils  solubility  in  the 
w  '    which  ihc  membrane  is  moistened.     It  itj  by  such  a  process  I  hat 

t'  I  of  res|>iralion  is  performed;  the  aeration  of  tbe  blood  in  the 

lu,.^:,  -.;.  i  (he  disengagemeiit  of  tbe  carbonic  acid,  are  effected  tbrougb 
wt  membranes;  the  blood  is  never  brought  into  actual  contacE  with  the 
•ir.  bat  reeeivea  its  supply  of  oxygen,  and  disenihurra^^es  itself  of  carbonic 
acid,  by  this  kind  of  wpunon^  diffus^ion. 

TH*  hijrb  diffusire  power  of  hydrogen  against  air  renders  it  impn^ible  to 
rr  S2;*s  for  any  lenglh  of  time  in  a  bladder  or  caoutchouc  hag;  it  m 

V  to  keep  it  long  in  a  gjis-holder.  lem  it  should  become  mixed 

*4iri  ;iu  oy  slight  accidental  leakage,  and  rendered  explosive. 

The  pa«SAge  of  ganes  through  membranes  like  cjioiitclKUic  or  varnished 
nilk^  an  well  as  through  wet  metubrancM  like  bladder,  a]ipeara  to  <lepend 
upon  an  aetua)  Uquefaetiiin  of  the  gnses,  which  then  hecoryo  capable  of  pen- 
etrating the  substance  of  the  membrane  (aa  ether  and  naphtha  do|,  and  may 
again  ©▼aporate  on  the  surface  and  appear  as  gases.  The  unequal  abaorp- 
tifiti  of  pt*^HK9  in  this  manner  often  effectu  a  much  tnore  complete  t^eparallon 
of  1!'*  of  a  gaseous  mixture  than  can  be  attained  by  the  atmn- 

1'  ve  described.     Thus,  Grabani  has  shown  that  oxygen  i«  ab- 

fu.,  i„  -i  :.,.  .  ...u'lenscd  by  caoutchouc  two-and-a-half  times  more  ahundantJy 
thjin  nitrogen,  and  that   when  one  side  of  a  caoutchouc  film  is  freuly  ex- 
'        }»o«««d   to  the  air,  while  a  vacuum  is  produced  on  the  other  side,  tlic  film 
I       allows  41  ti  per  cent,  of  oxygen  to  pass  throught  instead  of  lil   per  cent. 
*       osiially  present  in  the  air,  so  that  the  air  which  paaaes  through  is  capable  of 
rekindling  wood  burning  without  tlame. 

Even  metals  appear  lo  possess  this  power  of  absorbing  and  liquefying 
^ipirn  Deville  and  Troost  have  observed  the  remarkable  fact  that  hydrogen 
SHpt  ii  capable  of  penetrating  platiniun  and  iron  tubes  at  a  red  heat,  and 
^^^raham  i»  of  opinion  thj^t  this  effect  may  be  connected  with  a  power  Tcav- 
dent  in  lhe»e  MmJ  certHin  other  metuls  to  absorb  and  Tiquefy  ViyATO^g^e^n, 
ffommibijr  in  iis  churtutvr  ua  u  meUWo  vapor.     Platinum  ia  iho  lotm  ot 
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wire  or  plate,  at  a  low  red  heat,  can  take  up  8-8  Tolumes  of  hydrogen 
measured  cold,  and  palladium  foil  condensee  as  muoh  as  643  times  its  toI- 
ume  of  hydrogen  at  a  temperature  below  100°  C.  In  the  form  of  sponge, 
platinum  absorbed  1  *48  times  its  Tolumo  of  hydrogen,  and  palladium  90 
▼olumes.     This  absorption  of  gases  by  metals  is  called  oeclution,* 

The  meteoric  iron  of  Lenarto  contains  a  considerable  quantity  of  oo- 
eluded  hydrogen.  When  placed  in  a  good  yacuum,  it  yields  2*85  times  its 
Tolume  of  gas,  of  which  85*68  per  cent,  consist  of  hydrogen,  with  4*46 
carbon  monoxide  and  9-86  nitrogen.  Now,  hydrogen  has  been  recognised 
by  spectrum  analysis  in  the  light  of  the  fixed  stars,  and  constitutes,  ac- 
cording to  the  obsenrations  of  father  Secchi,  the  principal  element  in  the 
atmosphere  of  a  numerous  class  of  stars.  **  The  iron  of  Lenarto,'*  says 
Mr.  Oraham,  **  has,  no  doubt,  come  from  such  an  atmosphere,  in  which 
hydrogen  greatly  preyailed.  This  meteorite  may  be  looked  upon  as  holding 
imprisoned  within  it,  and  bringing  to  us,  the  hydrogen  of  the  stars."  f 

The  rates  of  effuaion  of  gases,  that  is  to  say,  their  rates  of  passage 
through  a  minute  aperture  in  a  thin  plate  of  metal  or  other  substance  into 
a  vacuum,  follow  the  same  law  as  their  rates  of  diffusion,  that  is  to  say, 
they  are  inversely  as  the  square  roots  of  the  densities  of  the  gases.  Never- 
theless, the  phenomena  of  diffusion  and  effusion  are  essentially  different  in 
their  nature,  the  effusive  movement  affecting  masses  of  a  gas,  whereas  the 
diffusive  movement  affects  only  molecules ;  and  a  gas  is  usually  carried  by 
the  former  kind  of  impulse  with  a  velocity  many  thousand  times  greater 
than  by  the  latter.  Mixed  gases  are  effused  at  the  same  rates  as  one  gas 
of  the  actual  density  of  the  mixture:  and  no  separation  of  the  gases  oc- 
curs, as  in  diffusion  into  a  vacuum. 

The  law  of  effusion  just  stated  is  true  only  under  the  condition  that  the 
gas  shall  pass  through  a  minute  aperture  in  a  very  thin  plate.  If  the  plate 
be  thicker,  so  that  tiie  aperture  becomes  a  tube,  very  different  rates  of 
efflux  are  observed;  and  when  the  capillary  tube  becomes  considerably 
elongated,  so  that  its  length  exceeds  its  diameter  at  least  400  times,  the  rates 
of  flow  of  different  gases  into  a  vacuum  again  assume  a  constant  ratio  to 
each  other,  following,  however,  a  law  totally  distinct  from  that  of  effusion. 
The  principal  general  results  observed  with  relation  to  this  phenomenon  of 
"Capillary  Transpiration'*  are  as  follows:  — 

1.  The  rate  of  transpiration  of  the  same  gas  increases,  extent  parihtu, 
directly  as  the  pressure:  in  other  words,  equal  volumes  of  gas  at  different 
densities  require  times  inversely  proportional  to  their  densities.  2.  With 
tubes  of  equal  diameter,  the  volume  transpired  in  equal  times  is  inversely 
as  the  length  of  the  tube.  B.  As  the  temperature  rises,  the  transpiration 
of  equal  volumes  becomes  slower.  4.  The  rates  of  transpiration  of  different 
gases  bear  a  constant  relation  to  each  other,  totally  independent  of  their 
densities,  or,  indeed,  of  any  known  property  of  the  gases.  Equal  weights 
of  oxygen,  nitrogen,  and  carbon  monoxide  are  transpired  in  equal  times; 
so  likewise  are  equal  weights  of  nitrogen,  nitrogen  dioxide,  and  carbon  mon- 
oxide; and  of  hydrogen  chloride,  carbon  dioxide,  and  nitrogen  monoxide. { 

COMBINATION  OF  nTDROOKN  WITII  OXYGEN. 

It  has  been  already  stated  that,  although  the  light  emitted  by  the  flame 
of  pure  hydroaren  is  exceedingly  feeble,  yet  the  temperature  of  the  flame  is 
very  high.  The  temperature  may  ho  still  further  exalted  by  previously 
mixing  the  hydrogen  with  as  much  oxygen  as  it  requires  for  combination, 

*  Omhnm,  Phil  Tmm.  lfiM\  Journal  of  the  Chemical  Society,  [2]  v.  235. 

/ProcetHlint^  of  thti  iloval  Society,  xv.  W)*2  ^      .         ...    , 

Onbam,  PhU.  Tmnn.  15M6,  p.  591 ;  and  1SA9,  p.  S40 ;  cObo  ^etownta  <i«Ca«iBtote3,^tAA.yft.. 
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that  is,  at  will  fnreseiiily  be  seen,  with  half  its  Tolume.  Such  a  mixture 
barae  like  ganpowder,  independently  of  the  external  air.  When  raised  to 
the  temperature  required  for  combination,  the  two  gases  unite  with  explo- 
■iTe  Tioienee.  If  a  strong  bottle,  holding  not  more  than  half  a  pint'  be 
illed  wiih  such  a  mixture,  the  introduction  of  a  lighted  match  or  red-hot 
wire  determines  in  a  moment  the  union  of  the  gases.  By  certain  prccau- 
tioBS,  a  mixture  of  oxygen  and  hydrogen  can  be  burned  at  a  jet  without 
commimieation  of  fire  to  the  contents  of  the  vessel ;  the  flame  is  in  this  case 


A  little  consideration  will  show,  that  all  ordinary  flames  burning  in  the 
air  or  in  pure  oxygen  are,  of  necessity,  hollow.  The  act  of  combustion  is 
nothing  more  than  the  energetic  union  of  the  substance  burned  with  the 
•orroiiBding  oxygen ;  and  this  union  can  take  place  only  at  the  surface  of 
the  burning  body.  Such  is  not  the  case,  however,  with  the  flame  now 
under  consideration ;  the  combustible  and  the  oxygen  are  already  mixed, 
and  only  require  to  have  their  temperature  a  little  raised  to  cause  them  to 
oombme  in  every  part.  The  flame  so  produced  is  very  different  in  physical 
characters  from  that  of  a  simple  jet  of  hydrogen  or  any  other  combustible 
gas ;  it  is  long  and  pointed,  and  very  remarkable  in  appearance. 

The  safety-jet  of  Mr.  Hemming,  the  construction  of  which  involves  a 
principle  not  yet  discussed,  may  be  adapted  to  a  common  bladder  contain- 
ing the  mixture,  and  held  under  the  arm,  and  the  gas  forced  through  the 
jet  by  a  little  pressure.  Although  this  jet,  properly  constructed,  is  believed 
to  be  safe,  it  is  best  to  use  nothing  stronger  than  a  bladder,  for  fear  of  in- 
jury in  the  event  of  an  explosion.  The  gases  are  often  contained  in  sepa- 
rate reservoirs,  a  pair  of  large  gas-holders,  for  example,  and  only  suffered 
to  mix  in  the  jet  itself,  as  in  the  contrivance  of  Professor  Daniell :  in  this 
way  all  danger  is  avoided.  The  eye  speedily  becomes  accustomed  to  the 
peculiar  appearance  of  the  true  hydro-oxygen  flame,  so  as  to  permit  the 
supply  of  each  gas  to  be  exactly  regulated  by  suitable  stop-cocks  attached 
to  the  jet  (fig.  98). 


Jtf,9^ 


Fig.W, 


A^eee  of  thick  platinum  wire  introduced  into  the  flame  of  t\ie\\^dT<>- 
«V#w«  Mowpipe  melts  with  the  greatest  ease;  a  watch-spring  or  smsW. 
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■teel  file  bumi  with  the  utmoBt  brilliancy,  throwing  off  showers  of  beautiful 
sparks ;  an  incombustible  oxidized  body,  as  magnesia  or  lime,  becomes  so 
intensely  ignited  as  to  glow  with  a  light  insupportable  to  the  eye,  and  to 
be  susceptible  of  employment  as  a  most  powerful  illuminator,  as  a  sub- 
stitute for  the  sun's  rays  in  the  solar  microscope,  and  for  night-signals  in 
trigonometrical  surveys. 

If  a  long  glass  tube,  open  at  both  ends,  be  held  over  a  jet  of  hydrogen 
(fig.  99),  a  series  of  musical  sounds  are  sometimes  produced  by  the  partial 
extinction  and  rekindling  of  the  flame  by  the  ascending  current  of  air. 

These  little  explosions  succeed  each  other  at  regular  interrals,  and  so 
rapidly  as  to  give  rise  to  a  musical  note,  the  pitch  depending  chiefly  upon 
the  length  and  diameter  of  the  tube. 

Although  oxygen  and  hydrogen  may  be  kept  mixed  at  common  tempera- 
tures for  any  length  of  time,  without  combination  taking  place,  yet,  under 
particular  circumstances,  they  unite  quietly  and  without  explosion.  Many 
years  ago.  Professor  Dobereiner,  of  Jena,  made  the  curious  obserration, 
that  finely  divided  platinum  possessed  the  power  of  determining  the  union 
of  the  gsses;  and,  more  recently,  Mr.  Faraday  has  shown  that  the  state  of 
minute  division  is  by  no  means  indispensable,  since  rolled  plates  of  the 
metal  have  the  same  property,  provided  their  surfaces  are  absolutely  clean. 
Neither  is  the  effect  strictly  confined  to  platinum ;  other  metals,  as  palla- 
dium and  gold,  and  even  stones  and  glass,  exhibit  the  same  property,  al- 
though to  a  far  inferior  degree,  since  they  often  require  to  be  aided  by  a 
little  heat.  When  a  piece  of  platinum-foil,  which  has  been  cleaned  by  hot 
oil  of  vitriol, and  thorough  washing  with  distilled  water,  is  thrust  into  a 
jar  containing  a  mixture  of  oxygen  and  hydrogen  standing  over  water, 
combination  of  the  two  gases  immediately  begins,  and  the  level  of  the  water 
rapidly  rises,  while  the  platinum  becomes  so  hot  that  drops  of  water  acci- 
dentally falling  upon  it  enter  into  ebullition.  If  the  metal  be  very  thin  and 
exceedingly  clean,  and  the  gases  very  pure,  its  temperature  rises  after  a 
time  to  actual  redness,  and  the  residue  of  the  mixture  explodes.  But  this 
is  an  effect  altogether  accidental,  and  dependent  upon  the  high  temperature 
of  the  platinum,  which  high  temperature  has  been  produced  by  the  pre- 
ceding quiet  combination  of  the  two  bodies.  When  the  platinum  is  reduced 
to  a  state  of  minute  division,  and  its  surface  thereby  much  extended,  it  be- 
comes immediately  red-hot  in  a  mixture  of  hydrogen  and  oxygen,  or  hydro- 
gen and  air;  a  jet  of  hydrogen  thrown  upun  a  little  of  the  spongy  metal, 
contained  in  a  glass  or  capsule,  is  at  once  kindled,  and  on  this  principle 
machines  for  the  production  of  instantaueous  light  have  been  constructed. 

These,  however,  act  well  only  when  constantly  used ;  the  spongy  plati- 
num is  apt  to  become  damp  by  absorption  of  moisture  from  the  air,  and  its 
power  is  then  for  the  time  lost. 

The  best  explanation  that  can  be  given  of  these  curious  effects  is  to  sup- 
pose that  solid  bodies  in  general  have,  to  a  greater  or  less  extent,  the  prop- 
erty of  condensing  gases  upon  their  surfaces,  or  even  liquefying  them  (as 
shown  p.  189),  and  that  this  faculty  is  exhibited  preeminently  by  certain 
of  the  non-oxidizable  metals,  as  platinum  and  gold.  Oxygen  and  hydrogen 
may  thus,  under  these  circumstances,  be  brought,  as  it  were,  within  the 
sphere  of  their  mutual  attractions  by  a  temporary  increase  of  density, 
whereupon  combination  ensues. 

Coal-gas  and  ether  or  alcohol  vapor  may  be  made  to  exhibit  the  phenom- 
enon of  quiet  oxidation  under  the  influence  of  this  remarkable  surface-ac- 
tion.    A  close  spiral  of  slender  platinum  wire,  a  roll  of  thin  foil,  or  even  a 
common  platinum  crucible,  heated  to  dull  redness,  and  then  held  in  a  jet  of 
coal-gas,  becomes  strongly  ignited,  and  remains  in  that  state  as  long  as  the 
supply  of  mixed  gas  and  air  is  kept  up,  the  lemv<iTal>iT^  b«m^  maintained 
by  the  heat  disengaged  in  the  act  of  union.    Som^vVm^a  \\ife  "mft\aJL\>^«,«inRa 
white-hot,  and  then  the  gas  takes  fire. 
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A  Tery  pleftfling  experiment  mmy  be  made  hy  nttacbing  such  a  coi!  of  w-ire 
lo  ft  c«inl,  *ind  iiuspeailing  it  in  u  glt&ss  eonlamiii];r  a  fe\v  drupe  of  etber, 
liAving  prtjtiouiily  made  it  red-ho»  in  tlie  rtatue  of  a  i<|»irii- 
lunp.  The  wire  eontitiucs  to  glow  until  tbc  oxygen  of 
the  »ir  i«  cihiiuated.  giving  rise  to  the  jiroduction  of  im 
iiTitaling  vapor  which  atluek^  Ihi"  tye;*.  The  combustion 
of  tbe  eiber  is  in  Ihis  case  but  partial ;  a  portion  of  it« 
hjdrogi:n  is  olottc  reiiiot<>d,  und  the  wboltj  of  tJie  cftrbon 
left  untouched. 

A  coil  of  thin  platinnm  wire  may  be  pbiced  over  Ibo 
wick  of  n  spirit-lamp,  or  a  ball  of  spongy  platinum  sus- 
tftiaed  just  above  tbe  cotton:  on  ttghling  tho  lamp,  and 
thea  blowing  it  out  as  soon  aa  ilie  metul  appears  red-Uot, 
■low  combustion  of  the  spirit  drawn  up  by  tbe  capillarity 
of  the  wick  will  take  place,  nc<x>uipanied  by  the  pungent 
vaporn  just  mentioned,  which  may  be  moditiedf  and  eTen 
readereil  agreeable^  by  dissolving  in  tho  liquid  aome 
gweet^Binelling  esaential  oil  or  resin, 

'■  '  Ti  forms  numerous  compounds  with  other  bodies,  although  it  ia 
L  [»aased  in  this  respect,  not  only  by  oxygen,  but  by  intiny  of  the 

ui :.-  .  .  ,_,..L'nt«.  The  chemical  relations  of  hy^lrogen  tend  to  place  it  atiiong 
the  metalsji.  The  great  diaorepancy  in  ph^'sica!  properties  \i*  pcrhupn  more 
ipparent  than  real.  Hydrogen  is  not  yet  known  in  the  Bolid  mate,  wliile, 
en  the  other  hand,  tbe  vnpor  of  the  metid  mercury  is  as  traiiHpareut  and 
cidnrlcsM  a^  hydrogen  itself.  This  vapor  is  only  about  seven,  times  heavier 
than  atmospheric  air,  so  that  the  difference  in  thin  respect  is  not  nearly  so 
great  n.a  that  in  the  other  direction  between  air  and  hydrogen. 

There  are  two  ox-idcs  of  hydrogen  —  namely,  ttater^  ond  a  very  peculiar 
vahsianoei  discovered  in  the  year    1818    by   M.  Th^nard,  culled  hifdro^tn 

IJ  appears  that  the  compo'^ition  of  water  was  firitt  demonst ruled  in  tho 
jear  1781   by  t'avendish;*  but  the  discovery  of  I  he  exiict  prop'ortions  in 

rtrhlcb  oxygen  and  hydrogen  unite  in  generating  that  most  important  com^ 
Potind  ha.'^,  from  time  to  lime  to  rhe  prf^i^ent  day.  occupied  the  attention  of 
■Otoe  of  the  most  di»tinguis<ticd  cultivators  of  chemical 
•cience.  There  are  two  dii^tinct  method*  of  research  in 
eheoiifitry — Ihc  analyttcal^  or  flnit  in  which  the  com- 
pound is  reijolved  into  its  element  in,  and  the  ryvtfnHfut^ 
in  which  the  elements  are  made  to  unite  and  produce 
llie  corapound*  The  firiit  method  is  of  much  more  gen- 
tral  application  than  the  second;  but  in  this  particular 
instance  both  may  be  employed,  although  tbe  resulta  of 
the  synthesis  are  tbe  more  valtiable. 

The  decomposition  of  water  may  he  effected  by  voltaic 
electricity.  When  water  is  acidulated  »o  as  to  render  it 
a  •*'T'n'lii'''f>r,-|- and  a  portion  interpoj*ed  between  a  pair 
«  '  i   platea  connected  with  the  extremilicB  of  a 

V.  1  :iratu9  of  moderate  power,  decomposition  of 

lii«  lifpiid  takes  place  in  a  very  interesting  tnanner;  oxy- 
gen, in  a  ^tate  of  perfect  purity,  if*  evolved  from  the  wa- 
iter In  contact  with  the  plnte  belonging  to  the  copper  end 
of  the  battery,  and  hydrogen,  equally  pure,  is  disenguged  at  the  plate  con- 

•  A  cTjiitM  »i>  th"  •lii«<'t»r«*ry  nf  fbi*  rnmpf^itinn  of  wiiter,  on  l^'hatr  ut  JnmoM  W^tt.  Iijun  hvirn 
mpTy  ■t:riitigiy  urR^^it.  lutd  innT|wrlcJ  l>>  tuoh  ♦vitl^n.p  tlitit  ilio  rwutcr  r>f  tlj?  t  rjiiirr>vcr-jr  inny 
W  M  Ut  ttii>  r.>nrtu«lim  ilmt  tti<'  *\i*cov"ry  w(%»  uukAe  by  t^xh  fMrtttni,  nttiT\y  t*^ii^'u\tMt«»nw^5^ 
9m4  mkntiirB  t*^  emctt  iyttifiT.    S^  tht^Mrtieitf"Qm»,"  by  Dr.  Paitlja  Wiirttt'iBicUutiAi'v  ulOi«)Ur 
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Fig.  102. 


neoted  with  the  tino  eztremitj,  the  middle  portions  of  liquid  remaining  mp- 
parentis  unaltered.  By  placing  small  gntduated  jars  over  the  platinum 
plates,  the  gases  can  be  collected,  and  their  quantities  determined.  The 
whole  arrangement  is  shown  in  fig.  101 ;  the  conducting  wires  pass  through 
the  bottom  of  the  glass  cup,  and  awaj  to  the  battery. 

When  this  experiment  has  been  continued  a  sufficient  time,  it  will  be 
found  that  the  volume  of  the  hydrogen  is  a  very  little  aboTe  twice  that  of 
the  oxygon:  were  it  not  for  the  accidental  circumstance  of  oxygen  being 
sensibly  more  soluble  in  water  than  hydrogen,  the  proportion  of  two  to 
one  by  measure  would  come  out  exactly. 

Water,  as  Mr.  GroTO  has  shown,  is  likewise  decomposed  into  its  constit- 
uents by  heat.      The  effect  is  produced  by  introducing  platinum  balls, 
ignited  by  electricity  or  other  means,  into  water  or  steam. 
The  two  gases  are  obtained  in  very  small  quantities  at  a 
time. 

When  oxygen  and  hydrogen,  both  as  pure  as  possible,  are 
mixed  in  the  proportions  mentioned,  passed  into  a  strong 
glass  tube  standing  over  mercury,  and  exploded  by  the  elec- 
tric spark,  all  the  mixture  disappears,  and  the  mercury  is 
forced  up  into  the  tube,  filling  it  completely.  The  same 
experiment  may  be  made  with  the  explosion-Tossel  or  eudi- 
ometer of  Cavendish  (fig.  102^.  The  instrument  is  exhausted 
at  the  air-pump,  and  then  filled  from  a  capped  jar  with  the 
mixed  gases;  on  passing  an  electric  spark  by  the  wires 
shown  at  a,  explosion  ensues,  and  the  glass  becomes  bedewed 
with  moisture ;  and  if  the  stop-cock  be  then  opened  under 
water,  the  latter  will  rush  in  and  fill  the  vessel,  leaving 
merely  a  bubble  of  air,  the  result  of  imperfect  exhaustion. 
The  process  upon  which  most  reliance  is  placed,  is  that  in 
which  pure  copper  oxide  is  reduced  at  a  red-heat  by  hy- 
drogen«  and  the  water  so  formed  is  collected  and  weighed. 
This  oxide  suffers  no  change  by  heat  alone,  but  the  momen- 
tary contact  of  hydrogen,  or  any  common  combustible  mat- 
ter, at  a  high  temperature,  suffices  to  reduce  a  corresponding 
portion  to  the  metallic  state.  Fig.  103  will  serve  to  convey 
some  idea  of  the  arrangement  adopted  in  researches  of  this 
kind. 

A  copious  supply  of  hydrogen  is  procured  by  the  action 
of  dilute  sulphuric  acid  upon  the  purest  zinc  that  can  be 
obtained ;  the  gas  is  made  to  pass  in  succession  through  so- 
lutions of  silver  and  strong  caustic  potash,  by  which  its 
purification  is  completed.  After  this  it  is  conducted  through 
a  tube  three  or  four  inches  in  length,  filled  with  fragments 
of  pumice-stone  steeped  in  concentrated  oil  of  vitriol,  or 
with  anhydrous  phosphoric  acid.  These  substances  have  so 
great  an  attraction  for  aqueous  vapor,  that  they  dry  the  gas 
completely  during  its  transit.  The  extremity  of  this  tube 
is  shown  at  a.  The  dry  hydrogen  thus  arrives  at  the  part 
of  the  apparatus  containing  the  copper  oxide  represented 
at  h;  this  consists  of  a  two-necked  flask  of  very  hard  white  glass,  main- 
tained at  u  red-heat  by  a  spirit-lamp  placed  beneath.  As  the  decomposition 
proceeds,  the  water  produced  by  the  reduction  of  the  oxide  begins  to  con- 
dense in  the  second  neck  of  the  flask,  whence  it  drops  into  the  receiver  f, 
provided  fur  the  purpose.  A  second  desiccating  tube  prevents  the  loss  of 
aqueous  vapor  by  the  current  of  gas  which  passes  in  excess. 
Before  the  experiment  can  be  commenced,  the  copper  oxide,  the  purity 
of  which  is  well  ascertained,  must  "be  healed  to  x^dxi^w  i^x  ^^m.^  Xam^  Saa.  ^ 
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ciirr<^nt  of  dry  air;  it  is  then  suffcrcdl  (o  cool*  Jind  Tcry  carefully  weighed 
w  jtii  the  tiiisk-  The  empty  receiver  aod  secnnd  drying-lube  are  also  weighed, 
the  diaengftgGmenl  of  gas  set  up«  luid  when  the  air  litut  be«Q  displaoed,  heat 
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is  dowly  Applied  to  the  oxide.  The  nctiun  is  at  fir8t  very  energetic:  the 
oside  often  exhibits  the  appearance  of  ignitiuu;  but  us  the  dectompoEaLtioQ 
proeecdi,  it  becomes  more  sUiggitih,  aud  requires  the  appUeaiioa  of  a  cou- 
•Iderftbte  heat  to  effect  iU  completion. 

When  the  process  ia  at  an  cmh  and  the  apparatuB  perfectly  cool,  the 
etrvam  of  gas  is  diiwoiitiimed,  dry  air  i«  drnuti  lliroiigh  tli*?  whole  arraiige- 
Btenl,  and,  lastly,  the  parts  jire  discoiiiiecicd  and  ri*weighinL  Tiie  loaa  of 
the  copper  oxide  giwsi  the  oxygen;  \\m  puin  of  the  receiver  and  its 
dryin^^'tubc  indicates  the  water;  and  the  difference  betweea  the  two, 
the  hydrogen^ 

A  set  of  experimcntfr,  made  in  Pari»  in  lh«  year  1820,^^  by  Dnidng  and 
BerxeUu9,  gave  as  a  mean  resuU,  for  the  composition  of  water  by  weight, 
8*009  parts  oxygen  to  1  part  hydrogen  ;  numbers  so  nearly  in  the  proportion 
of  8  to  I,  thnt  the  latter  have  usually  been  assumed  lo  be  true. 

More  recently  the  subject  has  been  reinvestigiitcd  by  Dumjis.f  with  the 
nio«t  »criipalou!4  precision,  and  fhe  above  supposition  fully  confirmed.  The 
compOHttion  of  water  m^iy  therefore  be  considered  as  csrubliwbfd^  it  con- 
tains by  weight  8  piirts  oxygon  to  1  part  hydrogen,  and  by  measure,  1  vol- 
ume oxygen  to  2  volumei^  hydrogen.  The  densities  of  the  gsseSf  na  already 
mentioned,  correspond  very  closely  with  these  retmlta. 

The  physical  properties  of  water  are  too  well  known  to  need  length encd 
de«criptioa:  it  is,  when  pure,  colorless  and  iranRparent^  destitute  of  taste 
and  odor,  and  an  exceedingly  bad  conductor  of  electricity  of  low  tension. 
It  oltains  its  greatest  density 'towards  A-o^  C.  (40**  F.).  freeiea  at  0*"  C.  {S*2? 
F.  ).|  and  boils  under  the  ordinary  atmospheric  pressure  at  or  near  100**  C, 
(212**  F. ).     It  evaporates  at  all  temperatures. 

The  weight  of  a  cubic  centimetre  of  water  at  the  mnximum  density  H 
ehositn  OS  the  unit  of  weight  of  the  metiieal  system,  and  called  a  itram; 
♦onsequently  a  litre  or  cubic  decimetre  =  I tK)  cubic  ccntiraetrea  of  water, 
at  Ihti  same  temperature,  weighs  IftOO  grams,  or  1  kilognim, 

A  cubic  inch  of  water  at  IH-V**  0.  ((;2''  F.)  weighs  252-45  graim?;  a  cubic 
r  ti^  nearly  100(1  ounces  avoirdupois;  and  an  imperial  gallon  weighs 

una.  or  10  lbs.  avoirdupois.  Water  is  H25  times  heavier  than  air. 
:.,  ,,,,  .M'linary  observations,  it  is  incomprcasible;  very  accurate  experi- 
ments have  nevertheless  shown  that  it  does  yield  to  a  small  extent  when 
tiie  power  employed  is  very  great,  the  diminution  of  volume  for  each  atmo- 
•|ih«re  of  pressure  being  about  5l-miUion1ih  uf  the  whole. 

Clear  wAti*r,  although  colorless  in  sm»ll  hulk,  is  blue  like  the  atmosphere 
nheo  viewed  in  mass.     This  Ib  seen  in  the  deep  ultramarine  tint  of  the 
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ocean,  and  pethiipji  in  a  still  more  beautiful  mnniier  in  ttie  lft1[«8  of  Swltiet^ 
land  and  other  Alpine  couDlrieB,  and  in  the  riirerH  which  issue  ffotn  thetnt 
the  slightest  adinixiure  of  mud  or  Bu.<*p(tniled  impurity  destroying  the  effect* 
The  same  magniticent  color  is.  visible  in  the  fissures  and  caverus  round  in  the 
ice  of  the  glaciers,  which  is  usually  citreuiely  pure  and  triLn^parent  within, 
although  tuul  up  It  11  the  surface. 

The  specific  graviiy  of  stcnm  or  vapor  of  water  is  found  by  experiment 
to  be  0'ti25,  compared  with  air  at  the  same  temperature  and  pre»eure,  or  *<* 
ftB  compared  with  hydrogen.  Now%  it  has  been  already  shown  that  wuter 
IB  composed  of  two  volumes  of  hydrogen  and  one  volume  of  oxygen;  and 
if  the  weight  of  one  Tolumc  of  hydrogen  be  taken  as  unity,  thai  of  two 
Yolumos  hydrogen  (=  2)  and  onoTolume  oxygen  (==  16)  will  together  make 
18,  which  is  the  weight  of  two  Tolumes  of  water-vapor.  Cont^equently 
vater  in  the  itate  of  rapor  congistt  of  tiro  vohtmeit  of  hydraffftt  avd  one  voiutHt  of 
0Tt/ffen  tonden^ed  tttfo  two  rvtumtt,  A  method  of  demonstrating  this  important 
fact  hy  direct  experiment  has  been  devised  by  I>r,  HofniRnn,  II  consist b  in 
exploding  a  mixture  of  two  volumes  hydrogen  tind  one  volume  oxygen,  by 
the  electric  spark,  in  tx  eudiowteter  tube  enclosed  in  an  atmosphere  of  I  ho 
vapor  of  a  liquid  (nmylic  alcohol)  whit'h  boils  at  a  lemperalure  considerably 
above  that  of  hoiling  water,  no  that  (he  water  produced  by  the  conibinationi 
of  the  gai^ea  remains  in  the  state  of  vapor  instead  of  at  once  condensing  to 
the  litpiitl  form,  h  i<r  then  seen  that  the  three  volumes  of  mixed  gas  are 
reduced  after  the  explosion  to  two  volumes.* 

Water  seldom  or  never  occur?  in  nature  in  a  state  of  perfect  purity:  even 
ihe  rain  which  faMs  in  the  open  coiinlry  contains  a  trace  of  ammoniacal 
aalt,  while  rivera  and  springs  are  invariably  contaminated  to  n  greater  or 
le«8  extent  with  soluble  matters,  saline  and  organic.  Simple  filtration 
through  a  porous  etone  or  a  bed  of  Fnnd  will  eieparate  suspended  impurilies, 
hut  distillation  alone  will  free  the  liquid  from  those  which  arc  dissolved, 
in  the  preparation  of  distilled  water,  which  is  an  article  of  large  consump- 
tion in  the  aeientific  laboratory,  it  ia  proper  to  reject  the  first  portions 
which  pass  over,  and  to  avoid  carrying  the  distillation  to  dryness.  The 
proflesfi  may  be  conducted  in  a  metal  ?tiU  furnished  with  a  worm  or  eondettaer 
of  silver  or  tin;  lead  must  not  be  used. 

The  ocean  is  the  great  recipient  of  the  snlme  matter  carried  down  by  the 
rivers  which  drain  the  bind:  hence  the  vast  accunuiltition  of  trails,  The 
following  table  will  serve  to  convey  nn  idea  of  the  ordinary  composition  of 
sea- water ;  the  analysis  is  by  Dr.  Schweitzcr^f  Of  Brighton,  the  water  being 
that  of  the  British  Channel: 

1000  grains  contained  — 

Wttler            .             .  ,             *             .      964*745 

Sodium  Chloride  ,             ,             ,               27  059 

Polassium  Clilorid©  ,            .            •          0-706 

Mai^esitun  Chloride  .             .             .                 3-1)06 

Magnesium  Bromide  .             ,              .          0029 

Magnesium  Sulphate  ,              .             ,                 2*21>G 

Calcium  Sulphate     .  .             ♦             .          1  -406 

Caleium  Carbonate  ,             .             ,                 O-OSa 

Traces  of  Iodine  and  Ammoniacal  salt 


1000-000 

Its  speciac  gravity  was  found  to  be  T4>274  at  15-5  C.  (»jO''  F.). 
Sea-water  i^  liable  to  variuliotis  of  deni^ity  and  composition  by  the  influ- 

*r»rm  dti»erfpffon  of  fbo  AppamtUH,  wo  Hofituum*!  "^l&odera  Chftoiitei"  <^t6&>, v^  ^ 
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I  of  local  eauseB,  Buch  as  the  proximity  of  large  riTers,  or  nuis&efl  of 
tneUiog  ice,  ami  other  circuraHtances. 

Koturiil  springs  are  oUeii  impregDiitcd  to  a  great  extent  wilh  soluble 
euh?ttitDCc<i  tlerived  from  the  rucks  tlicj  traverse;  i^ucli  nro  ilie  varioiiS 
miner&l  wftter»  scattered  over  the  i^hole  earth,  imd  to  whioh  medieiojil 
Tlrtues  are  attributed.  Some  of  these  hold  forrouii  oiide  in  ejolutlon,  hud 
ar«  elTerTesceat  from  carbonic  acid  ga.s;  others  are  alkaline^  probably  from 
traTeraing  rocks  of  volcauic  origin;  some  contjiin  a  very  notable  quanlitj 
of  Iodine  or  bromine.  Their  temperatures^  nho,  are  a»  variable  tkn  their 
cbemical  nature^  A  tabuhir  notice  of  some  of  the  moj»l  remarkable  of  these 
waters  will  bo  found  m  the  Appendix. 

Water  entera  into  direct  eooibiimtion  with  other  bodies,  forming  a  oUsa 
of  compounds  cnlled  hydrates;  th«  action  is  often  very  energetic,  mueh 
beat  being  evolved,  as  in  the  cftije  of  the  slukitig  of  lime,  which  is  really 
the  production  of  a  hydrate  of  that  base*  Sometimets  the  attraction  be- 
tween (he  water  and  the  second  body  ia  »o  great  that  the  compound  is  not 
decomposable  by  any  heat  that  can  be  applied ;  the  bydraleB  of  potash  and 
^^Iv^^  and  of  phosphoric  oitde,  furnish  examples.  Oil  of  vitriol  ia  a  hy- 
dfHte  of  sulphuric  oxide,  from  which  the  water  cannot  be  thus  separated. 

Water  very  frequently  combines  with  Buline  substances  in  a  less  iiiti- 
iBftte  manner  tiian  that  above  described,  constituting  what  is  called  teaier 
It/  er^ttaUiaathrL,  from  its  connection  with  the  geometrical  figure  of  the  aalL 
In  lhi«  case  it  is  easily  driven  off  by  the  application  of  beat. 

Lastly,  the  solvent  properties  of  water  far  exceed  those  of  any  other 
liquid  known.  Among  trails  a  very  large  proportion  are  soluble  to  a  greater 
or  less  extent,  the  s*>lubili!y  uauall^'  increasing  with  the  temperature,  so 
that  a  Hot  saluruied  solution  deposits  cryi^lnLs  on  cooling.  There  are  a 
few  €Jt.ceptioua  Lo  this  law,  one  of  the  mobt  remarkable  of  which  is  com- 
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ttao  salt,  the  solubility  of  which  U  nearly  the  Bame  at  all  leTivpcTti\wT«ift* 
the  bydr«/^  and  eertain  orgMaic  suits  of  CAlctUJD^  also,  dlBaol^Vfi  m<>Tis  lifi«t\^ 
k  M  4tiiid  ihma  ia  hot  water. 
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Tho  diagram  (fig.  104)  eihibjta  tht  unequjil  goluliility  of  different  salJi 
in  waler  of  dilTert'nt  ti»mperttiure*<*  Tlie  itnc*  o/  tidubtUty  cut  the  Yf^rTiculi 
raised  from  point b  indiciiiiiig  the  iprnptrntun'S,  upon  tUe  lower  horizonial 
lime.  &t  lit'igbtfi  proportioned  to  ibe  <[|U2ltltili^9  of  salt  dissolved  bj  II^O 
p&rts  of  water.  The  diJigrtLm  siiiows,  for  example,  tlmt  100  part,!  of  wjitcr 
dissolve,  of  potassium  sulphute  3  pta.  at  U^  C,  17  pts.  at  50°,  s^nd  26  pTs. 
at  J 1 10°,  Tliere  arc  »«ftlr8  \vUich»  like  sodium  oliloride,  po^Bess,  «8  already 
mentioned,  very  nearly  tUe  t^ame  degree  of  solubility  in  water  nt  all  tern- 
p{'rature8;  in  oibori^.  like  potass^iuni  Bulphate  or  potAsarium  chloride,  the 
Bolubility  increaiies  directly  with  the  increment  of  temperature;  in  olbersp 
ngiiin,  like  pota^ttium  nitrate  or  potnssiiim  chlorate,  the  solubility  ang- 
nienla  much  naare  rapidly  than  the  temperature.  The  diagram  exhibits  tho 
differences  in  tiie  deportment  of  these  different  salts  very  conapicuonsly, 
by  a  straight  bortzoutal  line,  by  a  straight  inclined  line,  and  lastly  by 
curves^,  the  convexity  of  which  ii*  turned  towtird  the  lower  horizontol  line. 

In  tho  diagram,  the  solubility  of  pall  is  represented  by  the  f)uantity  of 
anhydrous  ealt  dissolved  by  lOO  parts  of  water.  This  is,  in  fact,  the  com- 
mon mode  of  stating  the  solubility  of  ^alts,  It  is  obvious, -however,  that 
salts  containing  water  of  hydration  or  water  of  crystallizntion  cfinuol, 
within  certain  limits  of  temperature^  dissolve  in  water  in  the  auhydruus 
state,  hut  must  be  dissolved  as  hyelrates.  Tho  solubility  of  a  hydraied  salt 
frequently  differs  very  considerably  from  that  of  the  same  salt  in  the  an  by* 
drous  state.  Again,  many  salts  form  more  than  one  hydrate;  and  these 
several  hydrates  may  also  differ  in  their  solubility.  Sodium  sulphate 
fotTuB  a  peculiar  hydrate,  consist iiig,  in  I(K)  piirts,  of  53  partsi  of  anhy- 
drous sail  and  47  parts  of  water,  which  is  obtninod  in  crystals,  when  « 
solution  of  sodium  sulphate,  saliiraled  at  100°  C.  (212°  F, ),  is  considerably 
cooled  out  of  contact  with  «be  air:  this  hydrate  is  much  more  soluble  than 
Glauber's  salt,  the  other  hydrate  of  sodium  sulphate,  which  differs  from 
the  former  one  in  its  crystalline  form.  f*nd  consists,  in  lOU  parts,  at  Ail 
parts  of  anhydrous  salt  and  55  8  purEs  of  water.  When  a  solution  of 
sodium  Bidphatc  is  saiurnted  at  the  boiling-point  of  water,  and  cooled  to 
the  common  temperature  without  depositing  any  crystals,  the  salt  exi^is  in 
the  form  of  the  wiore  solubUi  hydrate.  Thij*  salt,  when  coming  in  contact 
with  Ihc  dust  of  (he  air,  or  with  a  small  crystal  o' common  Glanlier^s  salt, 
is  suddenly  traui*formed  into  the  less  soluble  hydrate,  piirt  of  wbich  sepa- 
rates from  the  solution,  in  the  form  of  Glauber's  salt.  From  {P  to  ?5fl°  C. 
(3l!°  to  01°  F.J  sodium  sulphjite  dissolves  as  Glauber's  salt,  the  solubility  of 
which  increases  with  the  temperature:  hence  ihe  rapid  rise  of  the  curve 
representing  the  solubility  u{  the  tali  in  the  diagram.  Above  38°  C 
(01°  F.)  the  hydrate  of  Bndiimi  sulphnte  is,  even  in  solution,  decomposed, 
being  more  and  more  thoroughly  converted  into  the  nnhydrous  salt  as  the 
temperature  incri^ases.  Sodium  sulphnte  appears,  however,  far  less  solu- 
ble in  the  anhydrous  state,  and  hence  the  dtmiuuiion  of  solubtlily  of  the 
sail  wbMi  its  solution  ia  heated  above  33°  C.  (91°  F,),  which  is  exhibited  by 
the  diagram. 

Liquid  JJfJfmwn  i>rVr/v*M.  —  When  a  snlution  having  a  sp.  gr.  grreater 
than  water  is  introduced  into  a  cjlindrical  glass  vessel,  and  then  water  very 
cautiously  poured  upon  it,  in  such  a  manner  that  the  two  layers  of  liquid 
remain  unmoved,  (he  substance  cHssolvcd  in  the  lower  liquid  will  gradually 
pass  into  the  supernatant  water,  though  the  vessel  mny  have  been  left  un- 
disturbed, and  the  temperature  remain  unchanged.  This  griidual  passage 
of  a  dissolved  substance  from  its  original  solution  into  pure  water,  taking 
place  notwithstanding  ihe  higher  specific  grnvity  of  the  substance  which 
oppoMe»  thi» pMssHgc,  m  called  the  diffuition  of  tiqttiti*.  The  pbennmena  of  this 
diffusion  /rare  hetn  \fi\v\y  investigated  \>y  Mr.  <ita\\iiiTO,  v<\\ii  \\ix%  axTv^cd  at 
werj impQHAni  results,     Different  substauceft,  wbetx  m  «o\^\Xou  <i^  \>ift  %*»&* 
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eooeeotraticni,  and  under  other  simitar  ciroumsiances,  diffuse  witli  Terj 
itoequ&l  Tclociiy.  Hydrochloric  aoiJ,  for  inatimce,  diffuise!!  with  grenter 
!  TAfuditj  than  potassium  cbloridi%  potajiHiam  chloride  more  rapidly  th»ia 
iioilium  chloride,  and  the  laiter^  aguiu,  iiir«re  qulcJiiy  (ban  niagiiei<ium  suU 
iphftte;  getatia,  albumin,  and  caramel  diffuse  very  alowly.  DiQu^ion  is 
'  generally  fuaud  lo  latte  place  more  rapidly  at  liigh  than  at  low  teniperamres. 
I>iffusioti  in  more  partjcutarly  rapid  with  cryEstaltizcd  subsituiicee^,  tliougli  I 
DQi  eiclusiTely*  for  hydrocbluric  acid  and  nlccbol  are  among  [be  btgbljr 
"  ~l«iTC  toadies.  Diffusiion  is  slow  witli  tJon-e^y^tallitlu  bodicii,  wbich,  like 
Ain,  are  capable  of  forming  a  je^tty,  though  even  here  exceptions  are 
^  lii«4  with.  Mr  Graham  calls  the  8ub8lauce»  uf  great  diffut^ihilily  cryntat- 
,  lipiU^  tbe  8ub«(tanGe«  of  low  diffuaibility  coltvih  The  unequal  power  of 
idiflru.<}ion  with  which  difTerent  eubstanccs  are  rndowed  frequently  furtiifthea 
[the  means  of  separating  them.  When  water  is  poured  wirh  caution,  so  aa  * 
I  to  prerent  mixing,  upon  a  solution  containing  equal  v|unntitic$;  of  polasBinni 
lehloride  and  sodium  chloride,  the  more  dijfuistble  potaHHiuDi  chloride  travels 
Imore  rapidly  upwards  than  the  less  diffusible  sudiuiu  chloride^  and  very 
rcon!)iderable  poriionH  of  puta^isiuiu  chloride  will  have  reached  the  upper 
[layer**  of  the  water  before  rhe  sodium  chloride  baa  arrived  there  in  ap- 
ipn-ciAble  quantity.  The  aeparaiiitn  of  rapidly  diffusible  crystalloids  and 
|.tlovrly  diffuiitble  colloila  succeedj  still  better. 

A  mtre  perfect  separation  of  crystal  In  ids  and  collrtrde  may  be  accom- 
IpUshed  in  the  following  manner:   Mr.  Grabam  has  made  the  important  ob- 
lierTatton,  that  cert4iin    membranes,,    and   also    parchment   priper,   when  ia 
Montaot,  on  the  one  surf^ice,  with  a  Rolution  containing  a  mixture  of  crys- 
|iAlloiUl  and  c^illiiUl  «uS:<t:iaef»>i.   and,    on   the  other  surface,   with  pur* 
rater,  will  permit  the  passage  lo  the  water  of  the  crystalloids,  but  not  of 
he  coUoids.     To  carry  out  this  important  mode  of  separation,  which  is  dcs- 
gnated   by  the  term  dialy»U^   the  lower  mouth  of  a  glass  ves^sel,  open  on 
Kth  atdrs  (fig.  105),  is  tied  over  with  parchment  paper  placed  upon  an  ap- 
propriate support  (fig.  lOti),  and  t ra n jiff r red,  together  with  the  latter,  into 
i  larger  vessel  tilled  with  water  (fig.  107);  or  the  vessel  oiay  be  suspended, 
I  shown  in  fig.   108.     The  liquid  conl^iuitig  the  differetit  substances  in 


Fig,VSb. 


Fig.  108. 


toltiiiim   IB  theti  poured  into  the  inner  vessel,  so  as  to  form  &  Idycr  of 
aboiji  hjtifatt  inch  in  heigh  I  ttpoti  the  parchment  paper.     T\ie  ctTf»\a\\oV^«X 
uiK^tMner^  ^rmdunUj  pui,i*  through  the  parchment  paper  luU  Uvii  o\i\.« 
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water,  which  maj  be  renewed  from  time  (o  timo:  iJie  colloidal  ttihslAnfti^ 
ftro  altuix^t  cntirLly  rct&iDvd  by  the  lii|uid  in  iho  mner  vessel.    In  thts  tti;i« 
iitr  Mr.  Urnlinm  \\an  prejiured  ai'venil  colloids,  free  from  crvelJilliids : 


bus  «ho 


[UluldH 


moreover, 

or  fit ryeh nine,  oveu  whi*n  mixt!^d  wiih  verj  lurgo  proportions  ot  coUuidul 
Bubstitnees,  ptisB  over  into  the  wtiler  of  the  dtul^ftfr  iu  nuidi  «  ittsit^  tf 
purity  Ihat  Uieir  presence  may  be  established  by  re-ageuts  with  the  uimoat 
fiLciUty. 

Omton, — Wbeo  two  different  liquids  arc  Fepirated  by  a  porouB  dia* 
phragm,  ««,  for  insfiincc^  by  ii  mcmbrttne.  Aud  the  liquids  mix  througb  ihia 
difiphragm,  it  is  found  thul  in  most  {^ases  the  qunntilk's  imvetliJig  in  op* 
posite  direction  are  unequiil.  Suppose  three  cylinders,  the  lower  DiotitliA 
of  which  are  tied  oyer  with  bladders,  filktl  respect irely  with  concentriLied 
fiolutiona  of  copper  sulphate,  sodium  chloride,  and  afeohol,  nnd  let  tbewi  be 
itniiierBed  in  ves»el<i  containing  water  to  i^uch  a  depth  that  (be  lir|tiidB  inicide 
and  outaide  are  level  (fig.  1<^).  After  some  time  the  liquid  within  (bo 
lube  is  found  to  have  risen  appreciably  obave  the  level  of  the  water  ^ 
(fig.  110).  On  the  other  bftnd,  if  the  cylinder  filled  with  pure  wnter  be  im-" 
xnersed  in  a  solution  of  copper  Bulphnte,  or  of  sodium  chloride,  or  in  n{M 
cobol,  the  liijiiid  in  the  eylitider  in  Feeu  to  ilimininb  after aome time  (fig    I  ll)«l 

■         '     '       oM 


copper  flulphttte.  of  sodium  chloride,  or  into  alcohol,  than  the  amonnl  of  I 
either  of  these  three  liqiiids  which  paifses  through  the  blmider  into  th« 
wai«r.  The  mixing  of  disj^imilar  Bubs(tance««  through  a  porous  diaphragm 
IB  called  09tnQ«e,  The  passage  iu  larger  proportion  of  one  liquid  into  uti- 
other  is  do  ^i  gun  ted  by  the  term  exomnoMt. 

The«e  pbenumena  are  due  to  the  attraction  which  the  two  liquids  hare 
for  each  other,  auil  to  the  difference  of  the  attraction  exercised  by  the 
diaphnvgtu  upon  these  liquids.  Bladder  1»kew  up  a  much  larger  quantity 
of  water  thati  of  a  solution  of  salt  or  of  aleabob  Very  nirely  only  one  of 
the  liquids  irnversics  the  diaphragm;  generally  two  currents  of  unequal 
Btrength  move  in  opposite  directions.  When  water  is  separated  by  an 
anirnul  membrane  from  a  soUitjon  of  salt  or  from  alcohol  not  only  is  a 
transition  of  water  to  the«e  liquids  observed,  but  a  small  quantity  of 
hydrochloric  acid  and  of  alrnhol  nUa  pasj^es  over  info  the  water.  In  some^ 
cases,  however,  when  eolloi  lal  >Jiibs(nnce9  in  concentrated  s*olillir»nj*  are  on 
one  side  of  the  diaphrnfrm  luid  water  on  the  other,  the  latter  alone  iravcrsdl 
the  diaphrairm,  not  a  trac^  of  the  former  panHiug  through  to  the  watii*       4 

ir#/-*r  7/)t'»iv'9e  d}H«nlvn«f  gn^»^s.     Solution  of  gases  in  water  (or  in  otherj 
liqnMa)  h  eafff^ft  n^norjifinn    \\\\V^'?<  thi"  >*olutu>n  gWe*  YW^  Vt*  the  format  ion 
of  chemical  componmis  in  flefi ri i t e  proport  10T15.     TVit  ^\veu\mt\vifc  lil  t^^>^it1 
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tion  h»Tc  be**ii  more  pnHiculftrlv  shidied  by  Bun?en,  and  it  is  to  this  phi- 
Jotmphcr  that  wc  arc  indebted  for  llic  most  accurate  eiatniniitioii  of  tkis 
BubjceL 

W»ier  diawolres  Tery  tincqiial  quanfitjes  of  Ihc  different  gases  fund  very 
unequal  quautitieg  of  the  ti-Hiut'  p\H  n\  iliJlTcrcnt  It'inperaturcs.  1  vol.  of 
wmt«r  «b«i>rbsi,  at  the  lemporntures  aUted  in  tlif  tabk",  no*!  imficr  the  pr€9- 
miTc  of  30  inches  of  merenry,  the  following  volumes  of  (iifFcrcnt  guscs, 
neasured  at  0^  C.  and  30  inches  pressure ; 
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OUID 

0(57 

0-90 
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nU, 

O^C. 

.  ^         -^ 
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63-9 

505 

1180 

Mr 

.  .       2*59 

S-59 

30-4 

472 

8I»R 

2, JO 

.  .       2  Ki 

2''M 

27-3 

441 

mo 

30* 

.  ,        J  7n 

2-n3 

20  4 

412 

58e 

40*» 

.  ,       1-37 

vm 

156 

887 

444 

Wben  tbe  pressure  increaseei,  ii  larger  quanKty  of  the  gttsGB  is  abnarbecL 
Omives  moderately  soluble  in  wntcr  follow  in  tUeir  Bolubiljly  the  Jan-  of 
Henry  and  DftUon,  according  to  which  the  quantity  of  g&B  dkmh^ii  is  pro- 
portional lo  the  pre8»ure.  At  10*^  C.  I  vol  nf  water  absorbs  under  n  pre*- 
«ure  of  I  atmosphere  1-18  vol.  of  carbon  dioxide,  meiisured  at  0**  and  iiiulcr 
a  — .  ..~.  of  30  inches  mercury.  The  quauiiiy  of  carbon  dioxide  diasolved 
tj  I  ssure  of  2  atmospheres,  and  me»isureil  under  eonditious  pre- 

r,  iir  to  those  of  the  previous  experimenlH,  equulH  2  30 vol,    Again, 

1  Tot  of  water  dis.^olves  under  a  pre?ti*uro  of  J  fttuiO!*phere^  0.51>  vol.  of 
carbon  dioxide  also  meusured  at  0*^  and  under  30  inches  of  mercury,  Gnscfl 
which  are  exceedingly  pohible  in  water  do  not  obey  Ihia  hui%  except  at 
higher  temperatures,  when  the  solubility  has  been  ulready  considerftMy 
diminiMhed. 

It  dcftcrves,  however,  *o  be  noliced,  that  the  prepsure  which  determines 
tbp  rale  of  absorption  of  a  gaM  im  by  no  means  the  genertil  prei»«ure  to 
which  the  ab-^orbing  liquid  i»  exposed,  hut  that  pressure  whioh  the  ga^ 
under  oonsideraiiou  would  exert  if  it  were  alone  present  in  I  he  Rpaee  with 
which  the  obsiorbinjif  liquid  is  in  contact.  Thus,  «?upp(jf*ing  water  to  he  in 
eontaci  with  a  mixture  of  I  vol,  of  carbon  dioxide  and  3  vol.  of  nitrogen, 
under  a  pressure  of  4  atmo5>pherei*»  rhe  nmount  of  carbon  dioxide  dit^f^nlved 
by  the  water  will  b«^  by  no  means  equal  to  that  which  the  water  would  have 
absorbed  if  it  had  been  at  the  same  pressure  of  4  atmospheres  in  eontact 
with  pure  carbon  dioxide.  In  a  mixture  of  carbon  dioxide  and  nilropcn 
in  tho  stated  proportions,  the  carbon  dioxide  exurcisesi  only  |,  the  nitrogen 
only  |,  of  the  total  prewure  of  the  gnseous  mixture  (4  fitmofpherepi ;  the 
partial  prcfwiure  duQ  to  the  carbon  dioxide  h  in  this  ease  I  atmoi^pbpre,  that 
due  to  the  nitrogen  3  atmospheres;  and  water,  lliough  exposed  to  a  pressure 
of  4  atmospheres,  cannot,  under  these  circumstances,  nb^orb  more  carbon 
dioxide  than  it  would  if  it  were  in  contact  with  pure  carbon  dioxide  under 
m  prt'mftire  of  1  utmo^phere. 

It  if  iiec*»ji""a''y  to  benr  (his  in  mind  in  cirder  to  undfrs?tantl  why  tho  air 
which  i«  ab<5orb»"r|  by  water  out  of  fhe   atriKHpliPr*-   ditTorn   in   rnn>poailion 
from  atmopph'^ne  air.     The  lattor  ron^i^fp  vr-ry  nearly  of  'il  vo\,  of  oil\^^«'Xv 
and  7'.»  ^f*l  (*f  n'tfrofrt^n     In  nfmoffpberie  nir  winch  acts  nndev  n  ^Te?<*\\Ve  cvt 
/  ^imampfforv,  ihe  oxrf^pn   ^xrrtA  a  pnri'm\  prpf^^nn-  of    - '      the  iiVtto^en  « 
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piiTlial  pressure  of  ^^  atmosphere.  At  10**  C.  (50°  F. )  1  veil,  of  water  (»co 
UiQ  nbovc  iuble)  ab«orh»  O'U'M  vol.  of  uxygcn^  and  0  016  vol,  of  nitrogen, 
Buppoaing  these  ga^es  to  act  in  the  pure  stale  u:nU*?r  a  pressure  of  I  aliii'*- 
Bphere.  But  under  the  partial  pre^aares  just  indicated,  i^ater  of  10^  C. 
cannot  absorb  juorc  than  jK\  X  Ot>:^3=; 0*007  of  oxjjrcn,  and  ^^^  y  0  01t> 
=  0013  vol.  of  nitrogen.  In  0W7  -f  0  013  =  00l!0*vnl.  of  gaseouK  mixture 
absorbed  by  water  ihrre  arc  conBpquet^tiy  0'IX)7  vol.  of  oxygen,  and  (KH**? 
vol.  of  nitrogen,  or  in  :20  vol  of  thirJ  mixture,  7  voL  of  oxygen  and  13  voL 
of  nitrogen,  or  in  100  vol.  of  the  gnseous  mixture,  35  vol.  of  oxygen  and 
69  vol.  of  nitrogen.  The  air  contained  at  the  common  temperature  in 
water  is  thus  seen  to  be  very  much  richer  m  oiygen  than  ordinary  aimo- 
aphoric  air. 

Wuter  eontaining  a  gas  in  solution,  when  exposed  In  a  ▼ncunm  or  in  a 
,ce  filled  wiih  another  gas,  allo^vs  the  giis  absorbed  to  escape  until  the 
uantity  retained  correspondH  with  the  share  of  the  pressure  belonging  to 
the  giis  evolved.  If  (be  latter  bo  constantly  removed  by  a  powerful  nb- 
fiorbent  or  by  a  good  atr-punip,  il  is  in  most  cai^es  ensy  to  sejtArate  every 
trace  of  gas  frtmi  the  vvuIit.  The  same  reBult  i»  obtained  when  water  con- 
taining a  gns  in  solution  is  expo5:ed  in  a  space  of  comparatively  infinite 
aiie  filled  with  another  gas.  Water  in  which  nitrogen  monoxide  is  dia- 
Bolved  loses  the  latter  entirely  by  mere  exposure  to  the  aimoi?phere,  and 
the  gas  evolved  cannot,  at  any  moment,  exert  more  than  an  infinitely  small 
share  of  the  presnure.  If  wjiter  be  freed  from  ga^es  by  ebullition,  the 
icparation  depends  partly  upon  the  diminntiun  of  the  solubility  by  the  in- 
crease of  temperature,  partly  als-o  upon  the  format  inn  above  the  snrface 
of  the  liquid  of  a  conslanily  renewed  atmosphere  into  which  the  gaa  still 
retained  by  the  liquid  may  escape. 

Some  guses  which  arc  absorbed  in  large  quantUies^  and  very  quickly  by 
WAter,  —  hydrochloric  acid,  for  inwiance, — cannot  be  perfectly  expelled 
either  by  the  protracted  action  of  another  gas  (exposure  to  the  almoMpbere) 
or  by  ebiillition ;  in  such  cases  the  liquid  still  charged  with  gas  evaporates 
as  a  whole  when  it  has  assumed  a  certain  composition.  Thi»  composition 
varies,  however,  if  the  liquid  bo  gnbmilted  to  a  current  of  air,  with  the 
temperature;  and  if  it  be  boiled,  with  the  pressure  under  which  cbutliiiun 
takes  place. 

Liquids  also  logo  the  gas  they  conlnin  in  solution  by  freexing:  benee  the 
air-bubblen  in  ice,  which  cousial  of  the  uir  which  had  been  absorbed  fmro 
the  atmo?*phero  by  the  water.  Gag  ia  retained  by  liquids  at  the  freeiing 
temperature  only  when  it  forms  a  chemical  combitiatian  in  definite  propor- 
tion with  the  liquid.  Water  containing  chlorine  or  8ulphurous  acid  in  so- 
lution freezes  without  evoluiiuo  of  gas,  with  formation  of  solid  hydrates  of 
chlorine  or  sulphurous  acid. 

Pure  Wilier  g(.'ncrnlly  dissolves  gases  more  copiously  than  water  contain- 
ing solid  bodies  in  scflufiou  (»;i!t  water,  for  instance).  If  in  pome  few  cashes 
ejtcepliontf  are  observed  to  take  place,  they  appear  to  depend  upon  the  for- 
mation of  feeble  but  true  chemical  compounds  in  definite  proportion;  (he 
fnci  thai  carbon  dioxide  is  more  copiously  absorbed  by  wiUcr  containing 
eodium  phos<phate  in  solution  than  by  pure  water  may  perhaps  be  explained 
in  this  manner. 

When  water  is  bcated  in  a  strong  vessel  to  a  temperature  above  that  of 
the  ordinary  boiling-poini,  its  solvent  powers  are  still  further  increased^ 
Dr,  Turner  indosed  in  the  upper  parL  of  a  bigh-pre«sure  steam-boiler, 
worked  at  }tU°  C.  (30CP  F.),  pieces  of  pbite  and  crown  glass.  At  the  ex- 
piration of  four  months  the  glass  was  found  completely  corroded  by  the 
jl^fion  of  the  water;  what  remained  was  a  white  mass  of  silica,  destitute 
of  a/kali,  while  .NtaJartites  of  siVtceouB  mutier,  »bove  an  inch  in  length, 
depcDdt*d  from  Uw  Jitt Ic  wire  cage  wbicU  euc\oaed  \.^<a  ^ika**    1t\jA%  <i^\itVv 
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itlustrikte  the  changes  which  may  bo  prfidnced  hj  the  ftcMon 
of  watvr  at  a  high  teruperature  in  tho  interior  of  llio  csirtb  upon  felspntliic 
ftn4  uther  rocks.  The  phenomenon  in  manifest  in  the  Geyser  B|iring!4  of 
leclikoJ,  vrhich  deposit  siliceous  sinter,* 

HTi>&oGe)(  DjOTiDi.t  sometimes  called  oTttgenattd  fratrr,  is  an  exceedingly 
interesting  suhstancet  but  very  iJifficult  of  prepjimtion.  U  i»  formcii  by  diu- 
»olTing  barium  dioxide  in  dilute  hyiJrochloric  iieid  carefully  cooled  by  ice, 
ftDd  then  preciptt^iting  the  buriuni  by  sulphuric  ncid ;  the  excels  of  oxypen 
of  the  dioxide^  instead  of  being  di^^engugcd  ns  giis,  unites  wiih  a  portion 
of  the  wjitcrt  and  converts  it  into  hvJrogen  dioxide.  Thifl  treatment  is 
repeated  with  the  saoic  soliiliori  and  fresh  portions  of  the  barium  dioxide, 
utitil  a  considerable  quantity  of  the  Ijitter  has  been  con5<unied,  aud  a  cor- 
responding amount  of  hydrogen  dioxide  formed.  The  liquid  yet  contains 
hydrochloric  acid,  to  get  rid  of  which  it  is  treated  in  succession  with  silver 
eulphntt*  and  baryta-w^ter*  The  Vpholc  process  requires  the  utmost  caro 
and  attention.  The  barium  dioxide  itself  is  prepnred  by  expoi^ing  pure 
baryl*,  contained  in  &  red-hot  porcelain  tube,  to  a  etream  of  oxygen.  Tlie 
folutioQ  of  hydrogen  dioxide  may  be  coricentrwied  under  the  air-pu«i»p 
rMteiver  until  it  acquires  the  fipecifio  gravify  of  1-45.  In  thi<^  Htate  it  pre- 
fifiola  the  aj>ipect  of  a  colorless,  IranHpareni,  inodorous  Lii|uid,  po.4*4e(«sing 
remarkable  bleaching  power**.  It  is  very  prone  to  decotnposition;  the  least 
elevation  of  temperature  causes  cfTervescence,  due  to  the  escape  of  f'xyttenL, 
gas;  near  100'^  it  i«  decomposed  with  explosive  riolence.  Hydrogen  dioxidf 
contains  exactly  twice  as  much  oxygen  as  water»  or  16  parts  to  1  part  of 
hydrogen. 

'A  trinidde  of  hjftirofftn  is  said  lo  exist,  although  it  has  never  been  obtained 
in  the  pure  state.  U  i§  likewise  a  powerful  oxidiiiug  agent,  and  altogether 
fimilar  in  its  properties  to  the  dioxide.  According  to  the  researches  of 
Dr,  BariTOcrt,  minute  quantities  of  this  substance  »ir<?  formed  in  (he  decom' 
posilinn  of  water  by  cloctricity,  and  impart  Ihe  odor  by  which  the  prod- 
ucts of  this  process  arc  chnracterized ;  but,  according  to  the  experimcnta 
of  Andrews  and  others*  already  referred  to  (p.  135 1,  the  supposed  trioxide 
really  conaiflts  of  actiye  oxygen  or  02ou0j  with  a  small  quantity  of  hydrogen 
dioxide. 
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lltrogen  J  eonstitutes  about  four-fifths  of  the  nlmosphere,  and  enters  Into 
^reat  variety  of  combinations.     It  may  be  prepared  by  several  tnethods. 

One  of  the  simplest  of  these  is  to  burn  out  the  oxygen  from  a  confined  por- 

linn  of  air  V»y  phosphorus,  or  by  a  jet  of  hydrogen. 

A  amall  porcelain  capsule  is  floated  on  Ihe  water  of  the pnenniatic  Iroiigh, 

•od  a  pi<^ce  of  phosphoruj*  is  placed  in  it  and  set  on  fire.     A  hidljjir  is 

then   inrerted   over  the  whole,  and   differed   to  rest  on  ihe   shelf  of  the 


^■■b  •)rinlii>U  tht  euu\i*imi\ktu  i>r  vitkXt^t  oDil  bydragoii  dloxidv  Is  thuj  ^xpvrcwvtt;— ^ 
^V  Wiifrr  OOi. 

/^^^^i^urofiUln>;  mJmo  culi^  AMote,  from  a,  prJiratlv^  and  ^mh,  Hfa- 
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trough*  so  fti  to  project  a  lit  lie  otbt  iea  e<tge.  At  firsi  thi*  lieat  catiB«« 
expiiUj^ioQ  of  Ibe  air  of  thi<  jur,  and  n  few  bubbles  art!  expi'lled,  alter 
wliieli  tlie  \ev4A  of  the  water  rises  cooaidfrably.  WLen 
the  plioHphorua  becomes  exlinguisbt^d  by  eihauplion 
of  iSie  oxygen,  and  lime  has  been  giten  for  the  sub- 
iidence  of  the  cloud  ot  finely  divided  snow-like  phos- 
phoric oxide  which  ftonts  in  the  residual  gas,  the 
nitrogen  may  be  transferred  inlo  anotlier  yeaiiel,  and 
itj!  properties  examined. 

Prepared  by  the  foregoing  procesp,  nitrogen  is  con- 
taminated  with  a  liiile  vapor  ot  plioriphoru^,  which 
commimicati'8  its  peculiar  odor.  A  preferable  method 
IB  to  fill  A  porcelnin  tube  wiih  turnings  of  copper,  or, 
still  better,  wiih  the  spongy  inctal  i:ib1atned  by  redu- 
cingihe  oxide  wiih  hydrogen;  to  heat  this  tube  to  red- 
uesH,  and  then  put^a  through  It  a  Mow  ftrenm  of  at- 
mofipheric  air,  the  oxygen  of  which  is  entirely  rcmoTed 
during  its  progress  by  the  heated  copper, 
if  chlorine  gas  be  paei^ed  inio  Holutiun  of  iimnioniti,  the  Inttcr  mbBtnnee, 
which  iM  a  compound  of  nitrogen  with  hydrogen,  ij»  decomposed  ;  the  chlorine 
conibinoH  wiih  ihehydrogcn,  and  the  nitrogen  is  set  frc6  with  effer\Mct'Tic©. 
In  this  manner  very  pure  nitrogen  can  be  obtained*  In  tniiking  ihiF  ex- 
pcriiiient,  it  is  necessary  to  stop  short  of  paturating  or  decomposing  the 
whole  of  the  ammonia;  otherwise  thi»rc  will  be  greni  H(«k  of  accideni  from 
the  lorniiition  of  an  exceedingly  dangerous  explosive  compouod,  produced 
by  *he  contact  of  chlorine  with  an  nnirnoniaeul  salt. 

Another  very  ea?iy  :ind  perfectly  safe  method  of  obtaining  pure  nitrogen 
is  to  decompose  a  soluiion  of  potassium  nitrite  wiih  Buinionium  chloride 
(sal-ammontac).  The  potaBBium  nitrite  is  prepared  by  pusHing  the  red 
Tapors  of  nitrous  acid  obtained  by  befilipp  dilute  nitric  acid  wiih  starch 
ioto  a  solution  of  caustic  potash.  On  boiling  the  repiilting  snUition  with 
sal-ammoniac,  uitrogen  gas  is  evolved,  while  potassium  chloride  remains 
in  solution.* 

Nitrogen  is  destitute  of  color,  tattte,  and  odor;  it  is  a  little  lighter  than 
air,  its  density  being,  according  to  Dum«s,  0072,  A  litre  of  the  gas  at  0* 
C.  and  7l>0  mm.  baromet  ric  pressure  weighs  1  25^15$  grnni,  KJO  cubic  inches, 
at  €0"*  F.  and  30  inches  barometer,  weigh  JlO-14  grnins.  Nitrogen  is  in- 
ciipahle  of  sustaining  combustion  or  finimal  existence,  although,  like  hydro- 
gen, it  has  no  pO'*iti%*e  poisonous  properties;  neither  is  it  soluble  to  any 
notable  extent  in  water  or  in  caustic  alkali;  it  is^  in  fiot,  beat  character- 
tied  by  negative  properties. 

The  exact  comjiosition  of  the  ntmoaphere  bns  repeoledly  been  made  the 
subject  of  experimental  research.  Besides  nitrogen  and  oxygen,  the  air 
contains  a  little  carbon  dioxide  fcnrbonic  acid),  a  very  voriable  proportion 
of  aqueous  vnpor,  a  trace  of  ammonia,  nud,  perhnpn^  a  lit  lie  carburet  ted 
hydrogen.  The  oxygen  and  nitrogen  are  in  a  stale  of  mixture,  not  of  com- 
bination, yet  tlieir  ratio  is  always  unifnrm.  Air  has  been  brought  from 
lofty  Alpine  heights,  and  compared  witli  that  from  the  plains  of  Eg;itpt; 
it  has  been  brought  from  an  elevation  of  21.(MMi  feet  by  the  aid  of  the  bal- 
loon; it  has  been  collected  and  examined  in  London  and  Paris,  and  many 
other  places;  still  the  proportion  of  oxypf*n  and  nitrogen  remains  unaltered, 
ttie  diffusive  energy  of  the  gases  being  ndef|nale  lo  maintain  this  perfect 
uniformity  of  miifture.     The  carbon  dioxide,  od  the  contrary,  being  much 


•  TborcocUoti  Ip  tPprfHU'ntiKl  hy  %\it>  (•<]iiatloti, 

saiK    +     mnc\     =l     kci     + 

Potfwtfium         Ainnioiiiinm        Pnlrt^-uln^l 
Mittita,  di  lor  ilk,  cbb»Tidc, 
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^  Inflaenced  hy  loenl  causes,  varies  considorahlj.  In  the  folio  wing  fable  the 
'  proper tiongi  of  oiygen  aod  nitrogen  are  given  on  ih*5  autUority  t>f  Dumas, 
[  Jin«l  the  ct»rbon  dioxido  on  that  of  De  Bau'ieiure:  the  aiumoniii.  the  iH.'<oover/ 
ttt  which  ID  atmospheric  air  is  due  to  Liebig,  is  too  aaiaU  in  quaniuy  for 
ct  estifluUioiL. 


Nitrogen 
Oijfctt 


Cpmpotiiion  of  the  Atmoiphere. 

By  weight 

77  parts 

.     23     *»       . 

100 


Cartoon  dioxide*  from  3*7  measures  to  6*2  measures  iii  10|000  measures 

of  air- 
Ac|uet>u8  vapor  variable,  depending  much  upon  the  temperature. 
Ammonia,  a  trace. 

Dr>  franktand  has  analysed  satnplefi  of  air  taken  by  himself  in  the  valley 
diamouni,  on    the  f^unimil  of  Motit  Ltlunc,  and  at  tiiv  (jronda  Mulcts. 
ho  following  are  the  results  uf  hia  tiualysua; 

Cnrl>o»  dioxide.  Ox,i  g^a. 

Chamouni  (3000  feet)  .         .    0<Hili  20-804 

Grands  Mulets  (11,1)00  feet)    .         0  111  2^^8U2 

Mont  lilanc  (15,732  feet)    .         .    O-OUl  201)03 

A  litre  of  pure  and  dry  air  tit  0^  C.  nnd  700  mm.  presstirc  woighs  1  '29300 

ama,      100  cubic   inohea   at   GO*^  P.   aiiil  .'JO  iuckes  baroni,  neigh  SO "035 

ins:  hence  a  cubic  foot  Wi'ighs  5^^<^''JG  grains,  which  is  y^  of  the  weight 

.  cubic  foot  of  water  at  the  s^anie  tempcrn^ure* 

The  analysis  of  air  ia  very  well  effected  hy  paspjng  it  over  finely  divided 

lipiH«r  coat4iiried  in  a  tnhe  of  bard  glas»,  carefully  weighed  and  then  heated 


re!  '      nitrogen  la  suffured  to  How  into  an   ex- 

^Uibo,   also    previously  weighed.     The  in- 

^ia  after  the  experiment  gives  the  infornja- 


JV^.  113, 


\  sought 

Am  easier,  but  less  aeonrate  method  consists  in  intro- 

acing  into  a   graduated   tube,    standing   over  water,   a 

aown    qnantity  of  the   air   to   be   examined,  and  then 

at^ing  into  the  latter  a  stick  of  plio.'^phorus  afBxed  to 

lie  end  of  a  wire.     The  whole   is  left   alHuit  Iwerity-four 

,  during  which  the  oxygen  is  slowly  but  completely 

bed,  after  which  the  phosphorus  is  withdrawn,  and 

HI  dual  gas  read  off. 

Liebig  ha«  proposed  to  use  an  alkaline  solutkm  of  py- 

agaliic  acid  (a  substance  which  will  be  deseribed  in  the 

epartment  of  organic  chemistry)  for  the  absorplion  of 

ygen.     The  absorptive  power  of  such  a  solution,  which 

p  black  on  coming  in  contact  with  the  oxygen,  is 

onsiderable.     Licb'tg's  method  combines  great  ao- 

with  unusual  rapidity  and  facility  of  execution. 

Another  plan  is  to  mix  the  air  with  hydro|Ccn  and  pass  an  electric  ^park 

trough  (he  mixture:  after  explo!^ion  the  volnme  of  giis  is  read  oft  and 

am  pared  with  that  of  I  he  air  employed.     Since  the  uniilyHisi  of  gnseoua 

ftdies  by  explosion  is  an  operation  of  great  importance  in  practical  che,iiv- 

tf  way  be  worth  while  d^ficHhitig  tlw  process  in  de1iil\,  as  \X  \r  a,\t^>i- 

iU,  miUi  certain  obvious  rarmtionB,  to  a  number  of  aualogoUB  caaeft. 
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Tlie  tbird  and  fifth  of  the  compounds  in  the  iahlc  itT©  capable  of  talcinfr 
up  the  elenjcntif  of  water  and  of  metallic  oxi<i».\s  to  lorm  saltii  (p.  135V),  called 
re*!pectively  mfriUs  and  nitrates,  the  hydrogen  »tiU»  being  xbo  callifil  mtrou$ 
find  nitric  acid*  The  other  three  nitrogen  oxides  do  noi  form  v^nUn.  ll  will 
be  conrtsnietii  to  coQimcnue  the  description  of  theso  compound ««  with  the 
hist  on  the  li^t,  viz.,  ttie  pontoxide^  as  its  traits,  the  nitrates,  are  the  aources 
from  which  all  the  other  compoimdfl  in  the  serica  aro  obiained. 

NiTUooR^  Pkntoxibe  or  Nitbic  Oxide  (abo  cjilled  Anki^drout  Kitn'e  Add 
or  Xifnc  Aultt/dndt), —Thi^  compound  was  djscijvered  in  184^H»v  DerUle^ 
who  obtained  it  by  exposing  nilvcr  nitrate,  whieh  umy  be  rejtarded  as  ft 
compound  uf  nitrogen  pentoxiile  with  silver  and  oxjgen,  to  the  action  of 
chlorine  gas.  Chlorine  and  silver  then  combinet  forming  silver  chloride, 
Tvhich  rciiiairjH  in  the  apparatus,  while  oxygen  and  nitrogen  penlosride 
Bepantte.f  The  latter  is  a  culorless  substance,  cry^tnllJEing  In  tiix-sidcd 
prisms,  which  melt  ni  J10°  and  boil  between  45°  and  '>(^**,  when  they  begin 
tu  deconipose.  Nitrogen  pentoxide  somelimcfl  exploles  i^pontaneously.  It 
diasidvcB  in  water  with  great  riie  of  temperature,  forming  hydrogen  aitrate 
or  nitric  acid. 

Nitrates  —  NiTRif!  Acin.  —  In  certain  parts  of  India,  and  in  other  hot 
dry  climates  where  rain  is  rare,  the  surface  of  the  coil  is  occa^iionally  covered 
by  a  Haline  effloresce iict%  like  that  sometimes  mpparent  on  newly  pIiiMered 
walls:  this  *;ubataiice  collected,  dissolved  in  hot  wat<?r,  and  crystallized  from 
the  tillered  («oliition,  furui»*hes  the  highly  inipjortani  wait  known  in  commerce 
tt>  nitre  or  saltpetre,  nud  couBtHtifig  of  potajtsium  nitrate.  To  obtain  nitriG 
acid,  equal  weights  of  powdered  nitre  and  strong  sulphuric  acid  are  in- 
troduced inio  a  glass  retort,  arid  heal  is  applied  by  means  of  an  Argand  gaij* 
lamp  or  eharcoal  chauffer,  (see  fig,  ;^8).  A  Hoj^k,  cooled  by  a  wet  cloth,  i§ 
aduftted  to  the  retort  to  »«rve  for  a  receiver.  No  luting  of  any  kind  must 
be  used. 

As  the  distillation  advances,  the  red  fumea  which  first  arise  disappear, 
but  towards  the  end  of  the  process  ihey  ngain  beeoine  manifest.  When 
this  hftppem^,  ami  very  little  liqui«i  passes  over,  while  Ihe  greater  part  of 
itie  t^altne  matter  of  the  retort  is  in  a  Ftaie  of  tranquil  fusion,  the  opera- 
tion maybe  stopped;  and  tvben  the  relort  is  qiiitc  crhld^  water  maybe 
introduced  (o  dissolve  out  the  saline  re>-idiie*  The  reaction  consists  in  an 
internhsuige  between  the  potassium  of  the  nitre  and  half  Tlie  hydrogen  of 
the  sulphuric  acid  tliydrugen  sulphate),  whereby  there  are  formed  hydro- 
gen nil  rale  whiidi  distils  over,  and  hydrogen  and  polasaiutu  aulphate 
whieh  renuiius  in  the  retort,];  * 

In  the  mnnutacture  of  nitric  aoid  on  th©  large,  eoale,  the  glaaa  retort  Is 
replaced  by  a  cast-iron  cylinder,  and  th»  receiver  by  a  aeries  of  earthen 
condensing  vessels  connected  by  tube«.  Sodium  nitrate,  found  native  in 
Peru,  13  now  generally  substituted  far  potassium  nitrate. 

Nitric  acid  Ihns  obtained  has  a  specific  gravity  of  from  1  5  to  1-52;  it 
has  a  golden-yellow  color,  due  to  nitrogen  trioxide,  or  tetroxide,  which 
is  hrtd  in  solution,  and,  when  the  acid  i's  diluted  with  water,  gives  rise  by 
iU  decomposition  to  a  disengagement  of  nitric  oxide.     Nitric  acid  la  ex* 

♦  Ifydni^nn  nitrat*.orSttn«iiBdd    ....  NjO^nrTaor  XOH, 

Po»ii*»*lutin»ttn*t«  , ^'j^ViKe^rNOK* 

IIv.lro«f^  nUrotf,  or  Nilr»c  udd      ....  >,/V'»»»^'"' Ncvf 

PoUnJutn  uttntii >j<  V<>Hj*>r  NP|1L 

FotftMmima  Hvilmfcoa  Hvilmten  tlsfttoftvi^  ^^  ^kv 
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^^H^ly  corrOfiiTc^  staining  the  nkln  tUep  jdlow,  anil  causing  folJil  dia^ 
^^^Hliiitioii.  Poured  upon  rud-liot,  pnwderiid  cliart^onU  it  cniifieM  hrillmnt 
^^^■■Btioii;  ftnd  whcu  added  to  warm  oil  of  iurpeiitme,  imia  upuu  that 
^^^ftnce  so  energettcftUy  an  to  ii^ct  it  ou  tire, 

BHm  nitric  acid,  ia  it^  moat  connenlmted  form,  m  oljtnlned  hj  mixing 
B&i*  abare  with  about  an  eqiml  qiuintity  ol  strong  eutidjuric  ucld,  rt'disul- 
Uing.  caUecting  apart  llio  ^riat  pailiod  \vbie!i  comej»  ovlt,  and  cxp>o8iiig  il 
I  in  a  Teasel  slightly  warmed  iiirid  «UelJered  from  the  lighf;  to  a  current  uf 
Mr/  air  mnde  to  bubble  tUiough  it,  which  campleli^ly  rt'moTee  tbi;  tiitrous 
Mcid«  In  this  state  the  product  is  as  co!or1esa  u«  water:  it  ImB  the  ?p,  gr. 
pol7  %t  15-5*  ((iC  F.),  boils  at  84-5<*  (184^  F.),  and  consists  cif  54  parts 
nitrogen  pentoiidc  and  D  piirtij  water.  AUhougk]!  nitric  acid  in  a  uiura 
■ilute  form  acts  very  violently  upon  many  inctab,  and  upon  organ io  eub*- 
nUinces  gcocrally*  thi»  is  not  the  case  with  \Ui*  moNt  cuuc«Mitratcd  aeid: 
■tren  at  a  bailing  heat,  it  refuses  to  attack  iron  or  tini  and  its  tnode  of 
Mction  on  lignin«  starch,  and  Him  liar  EubMuncca  ia  quilts  peculiar  and  Ytfrjr 
■baoh  le!i9  energetic  than  that  uf  un  acid  containing  more  watt^r. 
C  On  boiling  nitric  acid  of  difforvnt  degrees  of  concentration^  at  the  ordi- 
nary almof^phcric  pressure^  a  rediilue  is*  left,  boiling  al  VlO't^'^  and  29  inches 
BlAronieter,  and  Iviving  the  sp.  gr.  1-414  at  15-^*^.  This  acid  wns  formerly 
HU&c^i^ed  to  be  a  dcfinito  compound  uf  nilric  acid  with  water;  but  Motfcno 
^^■^ciitly  proved  Ihii  asautnption  to  be  incorrei:t,  the  composition  uf  the 
^^HVarying  according  to  the  preP!>urG  under  which  the  liquid  l>oilti. 
W  The  nitrates  form  a  Tery  extensive  und  important  grotip  of  satts,  which 
prt  remarkable  for  being  nil  Boluble  iti  water.  Hydrogen  iiilrate  is  of 
Ih'eat  use  in  the  bihoratory,  and  also  in  many  branches  ot  industry. 
W  The  acid  prepared  in  the  way  deacribed  is  apt  to  contain  traces  of 
Hh!orinc  from  common  gait  in  the  nitre,  and  sometimes  of  pulphnto  from 
necidcntal  *pla**hjng  of  the  paaty  niusd  in  ilic  returt.  To  di*4euver  these 
Httipurilies,  a  portion  iii  diluted  with  four  or  five  times  its  bulk  of  distilled 
nrater,  and  divided  between  two  glasses,  Solution  of  j?ilvrr  nitrate  ia 
Uroppcd  into  the  one,  and  solution  of  barium  nitrate  into  the  other;  if  no 
Bbange  vuaue  in  either  ease,  the  acid  la  free  from  the  impurities  men- 
■Soae<]. 

W  Kitrio  acid  has  been  formed  in  Bmall  quantity  by  a  rery  curious  proce8i»» 
namely,  by  passing  a  scriea  of  electric  sparks  ibnuigh  a  portion  of  air 
Iferaootact  With  water  or  an  alkaline  solution.  The  amount  of  acid  so 
HHKd  aAer  ^any  hours  i^  very  minute;  ^till  it  ii^  not  iinpoe^sible  that 
HpSrtrful  di>»cuarge3  of  atmospheric  electricity  may  sometimes  oooai<ion 
K  Irtfling  production  of  nitric  acid  in  Ihe  air.  A  very  minute  quantity  of 
pitrie  acid  ii  also  produced  by  the  conibufjtion  of  hydrogen  and  other  sub- 
liianees  in  the  atmosphere;  it  is  also  formed  by  the  oitdation  of  ammonia. 
■  Nitric  acid  is  not  so  easily  detected  in  solution  in  email  quantities  as 
nany  other  aeids«  Owing  to  the  solubility  of  all  its  compuundu,  no  precip- 
WMttnt  can  be  found  for  this  Bubstancc.  An  excellent  mo^lc  of  testing  it  ia 
lliascd  upon  its  power  of  bleaching  a  solution  of  indigo  in  sulphuric  acid 
hhcn  boiled  wtih  that  liquid.  The  ab^^ence  of  chh>rine  mn<it  be  insured 
Bn  this  experiment  by  means  which  will  hereafter  be  described:  otberwiae 
Wie  result  is  equivocaK 

W  The  best  met  hod  for  the  detection  of  nitric  acid  is  the  following.  The 
nmbstance  to  be  examined  i^*  boiled  with  a  small  quantity  of  wuter,  and 
nhc  solution  cautiously  mixed  with  an  eqnal  volume  of  concentrated  Bul- 
Hhnic  acid;  the  liquid  is  then  allowed  to  oooL  and  a  strong  e<oluiion  of 
^Hmiis  snlphate  carefully  poured  upon  it,  so  as  to  form  a  separate  layer. 
^ff%lTgc  quantities  of  nitrie  ,icnl  are  prt'sctit^  the  surt'acc  of  coutncV,  ^tftl, 
Motl  thea  the  whole  of  the  Uquid,  becomes  black.  If  but  sm^W  <\ua.\it\\w% 
^mtrio  acid  arv  prcseut,  the  liquid  becomes  reddisb-btovfli  Ot  ^x^T^^^i. 


i 
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The  ferrous  ffiilphate  reduces  the  nitric  ncid  to  nitrogen  dioxide,  wbiell 
diiflolving  in  tiie  soluiion  of  ferrous  sulphate,  inipartit  to  it  ti  dark  color.  ' 

NiTROGFH   MoTfoxTDB  (Bftruetiiues  called  KitrouM   Oiidt;   also    Laughing 
Oa*}. —  When  solid  amroouiuui  nitrate  is  heated  in  a  retort  or  flin^k.*  fif 
ll6t  furniabed  wiih  a  perforated  cork  and  beni' 
F^ff.  IIA,  tube,  it  is  resolved  into  water  and  nitrogen  mon* 

oxide. f 

No  particular  precaulion  ta  required  in  the 
operation,  save  due  regulation  of  the  heat,  and 
the  aroidanoe  of  tumult uoui  discngagefnent  of 
the  gas. 

Nitrogen  monoxide  is  &  colorless,  transparent, 
and  almost  inodorous  gas,  of  diet inctly  sweet  tfisie. 
ItM  »p<*cific  gravity  is  l-o26;  a  litre  of  it  weigha 
0  97172  grams;  1(X>  cubic  inches  weigh  47*29 grains. 
It  supports  the  combustion  of  a  taper  or  a  piece  of 
pliospUorus*  with  almost  as  much  energy  aa  pure 
oxygen:  it  is  easily  dieitinguiRhed,  however,  from 
that  gaa  by  ita  solubility  in  cold  water,  which  dj»- 
Rolres  nearly  Its  own  volume  :  hence  it  is  necessary 
to  ua<?  r«pid  WHler  in  the  pneumatic  trough  or  gas- 
holder; otherwise  great  losn  of  gas  will  ensue. 
Nitrous  oxide  has  been  liquefied,  but  with  diffi- 
eulty:  it  re<|ijircs.  at  72**  C.  \4f)^  F.),  a  preeifiure 
of  50  atmospheres:  the  Itriuid,  wh(*M  exposed  under  the  bellgliLSH  of  the 
air-pump»  is  rapidly  converted  into  a  ?now-Uke  solid.  When  mixed  with 
an  equal  volume  of  Iiydn)gi*n,  and  fired  by  ihc  electric  spark  in  the  eudi- 
ometer, it  explodes  with  violence,  and  libcTates  its  own  measure  of  nitrogen. 
Every  two  volumes  of  the  gas  muitt  consioquently  contain  two  voluniea  of 
nitrogen  and  one  volume  of  oxygen,  the  whole  being  condonsei]  or  con- 
tracted one  third  —  a  constitution  resembling  that  of  vapor  of  water. 

The  most  remarkable  property  of  thin  gas  is  its  intoxicating  power  upon 
the  animal  syslem.  If  t|uitc  pure,  or  merely  mixed  with  atmot«plieric  air, 
it  may  be  reapircd  for  a  short  time  wiihoul  danger  or  inconvemcnce.  The 
effect  Is  very  transient,  and  is  not  followed  by  depression, 

NiTBOOEK  Dioxide  (sometlmeB  called  Nitric  Oxide). — Clippings  or  turn- 
ings of  copper  are  put  into  the  apparatus  employed  for  preparing  hydrogen 
(p.  137),  together  with  a  little  water,  and  nitric  acid  is  added  by  the  funnel 
until  brisk  effervescence  is  excited.  The  gas  may  be  collected  over  cold 
water,  aa  it  is  not  sensibly  soluble. 

The  reaction  is  a  simple  deoxidation  of  «!oroe  of  the  nitric  acid  by  the 
copper:  (he  metal  is  oxidized^  and  the  oxide  so  formed  is  disiiolved  by  an- 
other portion  of  the  acid.  Nitric  acid  is  tery  prone  to  act  thus  upon 
certain  metals.t 

The  gas  obfnmed  in  this  manner  is  colorless  and  transparent;  in  contact 
with  air  or  oxygen  g»?*  it  produces  deep  retl  fumes,  which  are  readily  al 
sorbed  by  water:  this  character  is  sufficient  to  difltingiiish  it  from  all  other 

*  Florpnce  otlfljuk",  whi 
ii«prul  vi«m«|a  |4«r  rlu'OitrMill  |i 
Th'  y  ari*  r»'ndi'ntl  aliSI  niuri 
NMIi'uintc  ii  m  t|i««  nun) n  of  n 
form  a  lip,  &t  IxiriWr.    Tlie  m.  ^  ^    . .:. 

t  NQjNfli 

Atiitit'iiihim 


h  iniiy  i*c  t'urrJuwwl  nt  n  vpry  trilling  «iim»  conxrif  nri*  o)tci«*HUn)rl.T 

'  ulf  luif^  iht'  isi-ek  fmoothly  ntciinl  wfih  «  h 

I  |!;it»-]iinijv  ntid  llitM)  tnniiti|{  oVMf  tlu*  tnlpt-  ,>« 

Dt>i»r  A  tlglilljr  ftnitig  tr>r\i  without  rbk  t^ro^liUo-^. 

Oil,  +  N,0 


Nitrogi^n  dkyald*. 


moiiujihle^ 
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oita  bodtPB.  A  liglitod  Inper  plunged  into  the  gas  ia  extinguished j 
_bl©d  pho^pliorui*,  however,  burnn  m  it  with  great  brilliancy, 
Th«  specific  g:ravity  of  nilrop^en  ilioxiilc  is  1031';  u  litre  weighs  1-34343 
^tims.  li  eonfain?  equal  measure*  of  oxygen  nnd  nitrogen  giisea  united 
without  conden.sation.  When  Ihia  gas  is  pjij^aed  into  the  solution  of  a  fer- 
rous »«1c.  it  is  nbsorhcd  in  large  qunutily,  nnd  a  deep-lir<nvn  or  nearly  hlack 
lu|iiui  produced,  which  seems  to  be  a  definite  compound  of  the  two  sub- 
Bt&nceit  (p.  159).     The  compuuud  U  again  decomposed  by  boiling. 

NiTttOHEK  TaidxtDS,  or  Nitrous  Oxii»b* — When  four  measures  of  m- 
trvgen  dioxide  Arc  tnixcd  with  one  mea^ore  of  orygrn,  and  the  gases,  per- 
feoily  dry,  arc  exposed  to  il  iein(>eraUiro  of  — 18°,  ihcy  condense  to  a  tlitn 
mobile  blue  liquid,  which  cm  its  orange-red  vapors, 

Nitrrtiii*  oxide,  sufficiently  pure  for  inof^t  purposes,  is  obtmined  by  pouring 
(  »ied  nitric  acid  on  bimpa  of  arsenious  acid,  and  gentlj-  wjirming 

:  jrt»,  in  order  lo  start  the  reaelion.     Nitrous  oxide  is  then  cvoWed 

*-  a:i  *^iiiiige-rcd  gas,  arsenic  acid  remaining  behind. 

NiJrous  oxide  is  decomposed  by  water,  being  conv*>rted  into  nitric  acid 
And  nitrogen  dioxide*  For  thi:^  reason  it  cannot  be  made  to  uttlte  dir*'Ctly 
with  tnctaUic  oxides;  pota^^iuui  nitrite  niuy,  however,  be  prepared  by 
fu5ing  potassium  nitrate,  whereby  part  of  its  oxygen  is  driven  off;  and 
miLny  other  salts  of  nitrous  acid  may  be  obtained  by  indirect  means.  Thus 
m  Mution  of  pota.vsium  or  gudiura  nitrite  may  be  preparijrd  by  pasHing  the 
▼mpor  of  nitrogen  trioxide,  obtained  us  above  by  heating  nitric  acid  with 
Araotkious  o^id  (or  with  starch),  into  a  solution  of  caustic  potash  or  8oda. 

NiTltooEJi  Tetroxipk  (also  called  y Uric  Per ozide),  —  Thia  is  the  principal 
c<mMituent  of  the  deepred  fumes  ahvaya  produced  when  nitrogen  dioxide 
eseapes  into  the  air. 

When  carefully  dried  lead  nitrate  is  exposed  to  heat  in  ft  retort  of  hard 
^Tai99,  it  'mh  deeoiupo*ted,  lead  oxide  remaining  behind,  while  a  tnixlure  of 
oxygi*n  nnd  nitrogen  tclroxido  is  evolved-  Cy  surrounding  the  receiver 
with  a  very  powerful  freezing  mixture,  tln3  latter  is  cnnden!*ed  in  trans- 
pilkrtni  ery»talfi,  or  if  the  slightest  trace  of  moii^turc  is  present*  as  a  color- 
l««l  liquid,  which  acquires  n  yellow  and  ultimaiely  a  red  tint,  as  the  tern- 
fKpratur©  rii^ea.  At  27*8°  it  boils,  giving  off  iis  ivell-known  red  \*ftpor,  the 
Sftt^^asity  of  the  color  of  which  is  greatly  atigmetited  by  elevation  of  tern- 
p«r*turc.  lla  vapor  is  absorbed  by  strong  nitric  acid,  which  thereby  hc- 
qiiin*»  %  yellow  or  red  tint,  parsing  into  green,  then  int<j  bbie,  and  after- 
Wferd;;  dis^ippeiiring  altogether  on  the  addition  of  aucccssivc  portions  of 
VAl«r,  The  deep-red  fuming  acid  of  commerce,  called  ni^nfUM  aeid,  iiisiiDplj 
altric  iK*id  impregnated  with  nitrogen  tctroxide. 

Nitrogen  telroxide  la  decomposed  by  water  at  very  low  temperatures  in 
such  »  manner  as  to  yield  nitric  and  nitrous  acid  j  f  but  wht'u  added  to 
txcesii  of  water  at  ordinary  temperatures,  it  yields  nitric  acid,  and  the 
products  of  deromposition  of  nitrou**  neid.  namely,  nitric  acid  and  nitrogen 
*li<txide.  In  like  manner,  when  pa^s^ed  into  alkaline  solutions,  it  forms  a 
nitrate  and  a  nitrite  of  the  alkali-metal;  but  it  has  been  al^o  supposed  to 
nnit*  directly,  under  certain  circumstance**,  with  tnotallic  oxides  —  lead 
oxide,  for  example  —  forming  definite  crystalline  salts,  and  has  hencr  been 
esUed  hf/pomtrie  arid:  but  it  is  most  probable  that  these  salts  arc  compoundji 
of  aiLraies  and  niinted.^ 

•         SNA            +  on,    =  2N0,fT       +          2NA 

NitrojTi'n  trioziae.  WrUTk  Ultrk  ttdd.  Xtlrogvh  <lJuxid«, 

t              XV>*              +  Oil,  =        NOjII        +       Nt\n 

Jfi»=                      'hK  W^h-r.            Nitric  ncul          NlUou*  ncVd. 
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Nitrogen  nppcars  to  combine,  under  faTorable  circumfitftnccs,  with  mctftU. 
Wlien  iron  i:i  hciited  to  redndiits  in  an  atnio»pLere  of  ammoniii.  it  becomes 
briitle  niul  crystftUine,  iind  stiowg  un  increase  in  weight,  naiid  la  \iiry  fmrii 
6  to  12  per  cent. ;  Hhik%  According  lo  otlier  observers.  Ihe  pli3*?ic»I  cliamc- 
ters  of  the  metal  are  changed  witbont  I'cnsible  alteralion  of  weight.  By 
heating  copper  in  ammonia,  no  compound  of  nitrogen  with  copper  is  pro* 
duced.  But  when  ammonia  ia  passed  over  copper  oxide  healed  io  at)tli"j 
water  18  formed,  and  a  soft  brown  powder  produced,  which,  when  heaie4 
further^  evolves  nitrogen,  and  leaves  metallic  cnpper.  The  Panic  eflVrt  is 
produced  by  the  contact  of  strong  acids.  A  Bimilar  compound  of  chromiiuu 
with  nitrogen  appears  to  exist 

NTTIUXIKN  AND  nTDROOKN:  AMMONIA 

When   powdered   sal -ammoniac   is  mixed  with   moist   ealcium  h^dmt 
(slaked  lime),  and  gently  heated  in  a  glass  flask,  a  large  quantity  of  gas- 
couB  matter  is  diaengaged^  which  must  be  collected  over  mercury,  or  by 
displacement,  advantage  being  taken  of  iti^  low  specific  gnivity. 

Ammonia  gas  thus  ubtaitied  is  colorlei^K  -  it  has  a  strong  pungent  odor, 
and  possessea  in  an  eminent  degree  those  properties  lo  which  the  lertn 
atkaiint  i%  applied;  that  ii*  (o  say,  it  tiirna  the  yellow  color  of  turmeric  to 
brown,  Ihiit  of  reddened  litmus  to  blue,  and  combiues  readily  with  acid», 
neutralizing  them  completely;  by  these  reactions  \i  is  easily  distinguitthcd 
ft-om  all  other  bodies  posaes^sing  the  same  physical  characlers.  Under  a 
preBsnre  of  6'&  atmosphercM  at  15'5'^,  ammonia  condenses  lo  Ihe  liquid 
form.*  Water  dissolves  about  700  timea  its  vohimo  of  Ihir^  gas,  forming 
a  aolulion  which  in  a  more  dilute  state  haa  long  been  known  under  the 
name  of  liquor  arnmomx;  by  heat,  a  great  part  ia  ngain  expelled  f  The 
solution  is  decomposed  by  chlorine,  sal-amiuoniac  being  formed,  and  ni- 
trogen set  free. 

Ammonia  has  a  density  of  0-580;  a  Hire  wcigha  0  76*271  grams.  Il  can- 
not be  formed  by  the  direct  union  of  its  elements,  ulthougb  it  is  snuietimcs 
produced  under  rather  remaiktible  eircumeiaiices  by  (he  deoxldation  of 
nitrio  acid. |  The  great  sources  of  ammonia  are  Ihe  feebly  compounded 
asotised  principles  of  the  animat  and  vt-gftablo  kingdoms,  which,  when  left 
to  putrefactive  change,  or  subjected  to  deslructivo  dihtiltation,  almost  in- 
variably give  rise  lo  an  abiindiint  producliou  of  ibis  Pubstnnoe. 

The  analysis  of  ammonia  gtis  h  easily  etTectcd.  When  n  portion  is  con- 
fined in  a  gradyaled  iube  over  mercury,  and  electric  sparks  pat^sed  through 
it  for  a  considerable  lime,  the  volume  of  the  gas  gradually  increases  until 
it  beeOEncs  doubled.  On  examination,  the  tnbe  is  found  to  contain  a  mixture 
of  8  measures  of  hydrogen  gas  and  I  luensure  of  nitrogen.  Eveiy  two 
Tobimes  of  the  animt^nia,  therefore,  contained  three  volumes  of  hydrogen 
and  one  of  uitrogen,  (he  whole  being  condensed  to  the  extent  of  one  half. 
The  weight  of  the  two  oonslituentu  is  in  the  proportion  of  3  parts  hydrogen 
lo  H  parts  nitrogen.] 

•  [At  thp  ti«miwrjtlnr«  *if  —75**  F^  llquidi  nrnmnnin  rr<*xc«  Into  a  colorlcti  lolid,  h«avipr  than 

t  A  doticuntmtitt  wjluUori  of  {untUiHilTk  hn»  r^'ontly  tM*<>n  uppliinl  by  M-  C*rr#  fnr  prodiiHrfti^ 
tDtenitti  culrt  I  fur  llic  nmnrifuctiin;  or  irti).  Tin-  iippumtiiA  uwkI  for  this  purp<we  mrMistA  of  tmo 
»rn>i»j?  jpijn  rytinilrrA  nriitii-cttNt  hy  iu\v^  Hu'  tun-  rjiindij-  cuniuliiini;  th»^  «<>tufj'i>ii  pf  inn* 
mrtniii,  ttit*  uII'ht  hrinj;  I'mpty.  mthI  ihf  wtmlr  aiiimrijtii«  ln-lnii;  porf«*«  lly  HJMigttt.  The  rmpty 
cyllmlrr  In  now  coii1f»«i  wHlii  watf?.  iiinl  ttii<  ottuT  rvliiider  la  pi-nllj  wsnurtl,  TIh"  amntoitia 
««r:Apeii  fnnti  Itie  ««lHtii>rii.  «rnl  k  c<i»(*ti»nflMl  tiy  itm  own  priwirurp  in  tlir  c<h>I«h1  cyliiK!<?r,  H  th« 
aourrft  mT  litwt  ti4<t  now  rrtnt^vi'il.  titr  Hqtiffirft  Aiimu'iniit  is  nKitin  nlmorlMMt  liy  tlii<  WMt<Tt  amt  ib^ 
h'HUt  ]iiTo««ivry  fcir  itJi  trniiMforiiiiitlori  Into  \«i«;ir  Uring  tnk*m  frnm  Itin  infu  tt*p**A,  ihc  ^**trrr 
»nm>utiitiii(^  it  U  cottvert^'d  Into  ke:  \>y  ttiie  jirttctwi  ihe  icmiterMinr*''  may  Ik-  nrdacwl  U»  — 16^ 

t  A  auHlf*  of  fHnrrrting  tbr  nltn>fft*ti  of  thu  »itmo»ph**r«»  Into  aniinciata,  by  «  racscMSlon  «f 
ehem/cjtt  opfntionji.  wiJt  Ut*  frmtuJ  iimkr  thu  h«i*l  of  Cj»ttoi6«a. 
/  f»«*  forttmt»  of  uitmiouiit  !•  MI^. 
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Ammonift  may  mlso  be  decomposed  into  its  elementa  hy  tratistnisaioa 
tlirougb  «  red-hot  tube, 

Solaiion  of  nmmoniA  is  a  Tery  valuable  reagent,  aod  is  emplnyed  in  a 

,,jrrr*l  niituber  of  chemical  opcratioufi,  for  some  oT  wliicli  it  is  necessary  to 

t^t%ft*e  it  perfectly  pure.     The  best  mode  of  prepuraliou  m  the  fuUowing: 

Riiual  weights  of  snl-ammoui.-kc  and  quieklime  arc  takt^n^  the  lime  ia 

Blaked  in  a  covered  basin,  and  (he  siik  reduced  la  powder.    Tkese  are  mixed 

mnd  introduced  inlo  Ibe  flask  employed  in  preparing  Bolution  of  hydrocblonc 

acid,*  together  with  just  enough  water  to  damp  the  mixture,  and  canae  it 

to  ag;gregate  into  lumps;  the  rest  of  the  apparatus  is  arranged  exactly  aa 

in  the  former  ca<e,  with  an  ounce  or  two  of  wnter  in  the  wash-bottle,  or 

enough  to  coTer  the  ends  of  the  lubes,  and  the  gas  conducted  afterwards 

into  pure  distilled  water,  artificially  cooled  as  before.     The  cork  joints  are 

made  light  with  wax;  a  little  mercury  is  put  into  the  sitfeiy-Atnnel,  heat 

cautiously  applied  to  the  0a^k,  and  the  whole  left  to  itself.     The  disen- 

gjkgeroent  of  ammonia  la  very  regular  and  uniform.     Calcium  chloride, 

with  excess  of  calcium  hydrate  (i^ihiked  lime),  remains  in  the  jtiisk. 

The  decompotfifion  of  the  salt  may  bo  rcpreaentttd  In  the  manner  shown 
bj  the  following  diagram  t 

(  AmmoniA Ammonia, 

gAl-Btmnoniae  j  lljJro<5hloric  I  nydrogeQ  ■  .JZ^  Water* 

(     acid  ,     .      J  Chloritje^ 


Llm0 


Oxygen 

Calcium 


Cakium 
chloritle.f 


Sohilion  of  ammonia  shoulil  be  perfectly  colorless,  leave  no  residue  on 
evaporation,  and  when  superauturuti'd  by  nitric  acid,  give  no  clnud  or  mud- 
dineaa  with  silver  nitrate.  Its  density  diminiBhea  with  its  strenpth,  that  of 
the  most  concentrated  being  at>ont  0'H7^}',  the  value  in  alkali  of  any  saniplft 
of  liquor  aoimonife  is  mmt  safely  inferred,  not  from  a  knowledge?  of  its 
denaitj,  but  from  the  quantity  of  acid  a  given  amount  will  saturate.  The 
mode  of  conducting  this  experiment  will  be  found  described  under  Alhi* 
Umetry. 

When  solution  of  ammonia  la  mixed  with  acids  of  varioiia  kinds,  lialts  are 
generated,  which  resemble  in  the  most  complete  manner  the  corresponding 
potassium  and  fodium  compounds:  these  are  befit  dincussed  in  connection 
with  the  latter/|  Any  ammoniacal  sail  can  at  once  be  recognized  by  the 
•volution  of  ammonia  which  takes  place  when  it  is  heated  with  slaked  lime, 
or  solution  of  potash  or  Boda« 
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This  wibaf  anc©  occnrs  in  a  state  of  purity,  and  crysialliied,  in  two  distinct 
nd  very  dissimilar  forms  ^namely,  as  diamond,  and  as  graphite  or  plum- 


•  s««  iir  i^  p  1^2. 

£tt|-«aui»ualac 


Lima  AmmonUu  CAlrlum  WHter. 

chtori<Jf^. 

'^  ~  I  ijr  b«  reptrdiefl  pitli^r  m  dlroct  cotniKioml*  of  Ammi^nlA.  ffVI^  with 

*  r  AH  rf»»tiltirig  fvntn  llir>  rrpliiM^fniiint  mf  ttti?  lijfrlroKcii  uf  ttii  aoid  tty 

ti.  'i^^nittm,  wtiii  tt  in  tian  «eQ*«  In  »  t*Yjmi)OLitMt  uititiit.  dttiitiic^tny  <M|ttlv> 

«lrii.i  I  '  |"'i,»  -Mim,  -<»'iniim.  ^ll^«^r.  «lc,    Tliuii: 

AfimiuuiM  tty^lrtHtilmnU  Mlj.rm  =        NTT^-Cl  Ammonium  ^liloHi1«>. 

nitmir  NtI,.H\(>,       =        NTI^^Nns  **  tiitri«l4% 

Th*  M*rmuljf  in  th*'  a^itmH  cvtuma  Mro  exactly  nrjAloifuita  lo  Ibom  of  thto  iiotauiam  tlit^  ^J 
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bago.  It  constitutes  a  large  proportion  of  all  organic  stmctures,  animal 
and  vegetable:  when  these  latter  are  exposed  to  destructive  distillation  in 
close  vessels,  a  great  part  of  their  carbon  remains,  obstinately  retaining 
some  of  the  hydrogen  and  oxygen,  and  associated  with  the  earthy  and  alka- 
line matter  of  the  tissue,  giving  rise  to  the  many  varieties  of  charcoal,  coke, 
etc.  This  residue,  when  perfectly  separated  from  all  foreign  matter,  con- 
stitutes a  third  variety  of  carbon. 

The  diamond  is  one  of  the  most  remarkable  substances  known:  long 
prized  on  account  of  its  brilliancy  as  an  ornamental  gem,  the  discovery  of 
its  curious  chemical  nature  confers  upon  it  a  high  degree  of  scientific  in- 
terest. Several  localities  in  India,  the  island  of  Borneo,  and  more  espe- 
cially Brazil,  furnish  this  beautiful  substance.  It  is  always  distinctly  crys- 
tallized, often  quite  transparent  and  colorless,  but  now  and  then  having  a 
shade  of  yellow,  pink,  or  blue.  The  origin  and  true  geological  position  of 
the  diamond  are  unknown ;  it  is  always  found  embedded  in  gravel  and 
transported  materials  whose  history  cannot  be  traced.  The  crystalline 
form  of  the  diamond  is  that  of  the  regular  octohedron  or  cube,  or  some  fig- 
ure geometrically  connected  with  these.  Many  of  the  octohedral  crystals 
exhibit  a  very  peculiar  appearance,  arising  from  the  faces  being  curved  or 
rounded,  which  gives  to  the  crystal  an  almost  spherical  figure. 

The  diamond  is  infusible  and  unalterable  even  by  a  very  intense  heat, 
provided  air  be  excluded ;  but  when  heated,  thus  protected,  between  the 
poles  of  a  strong  galvanic  battery,  it  is  converted  into  coke  or  graphite ; 
heated  to  whiteness  in  a  vessel  of  oxygen,  it  burns  with  facility,  yielding 
carbonic  acid  gas. 

Fig,  117. 


The  diamond  is  the  hardest  substance  known :  it  admits  of  being  split  or 
cloven  without  difficulty  in  certain  particular  directions,  but  can  only  be 
cut  or  abraded  by  a  second  portion  of  the  same  material ;  the  powder  rubbed 
off  in  this  process  serves  for  polishing  the  riew  faces,  and  is  also  highly  use- 
ful to  the  lapidary  and  seal-engraver.  One  very  curious  and  useful  appli- 
cation of  the  diamond  is  made  by  the  glazier:  fi  fragment  of  this  mineral. 
like  a  bit  of  flint,  or  any  other  hard  substance,  scratches  the  surface  of  the 
glass:  a  crt/stal  of  diamond  having  the  rounded  octohedral  figure  spoken  of, 
held  in  one  particular  position  on  the  glass  —  namely,  with  an  edge  formed 
by  the  meeting  of  two  adjacent  faces  presented  to  the  surface  —  and  then 
drawn  along  with  gentle  pressure,  causes  a  split  or  cut,  which  penetrates 
to  a  considerable  depth  into  the  glass,  and  determines  its  fracture  with  per- 
fect certainty. 

Graphite  or  plumbago  appears  to  consist  essentially  of  pure  carbon,  al- 
though most  specimens  contain  iron,  the  quantity  of  which  varies  from  a 
mere  trace  up  to  five  per  cent.  Graphite  is  a  somewhat  rare  mineral:  the 
finest  and  most  valuable  for  pencils  is  brought  from  Borrowdale,  in  Cumber- 
land, where  a  kind  of  irregular  vein  is  found  traversing  the  ancient  slate 
beds  of  that  district.*    Crystals  are  not  common:  when  they  occur,  they 


*  Tho  fcmphlte  vrhich  can  hp  illrectly  cut  for  pencils  owmirinR  only  in  lim^twl^aftntltjr, 
_  owdfrcil  frrnphitr.  iihUiinal  '  -----  •  -•        --»-..        »    .  -_-         - 

conaol/dati-il  for  tliif  /uiffHwi 


powfffrfit  ffmplnto.  nhtninvil  from  tlio  infrrii>r  v«t\^1\w  o^  lYift  wVt^^TtX,  Va  y^  tt»qy^qy 
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>rt  slx-sidcd  prism  —  a  form  bearing  no  geometrio 
reliUion  to  that  of  tlic  diumoiid. 

Qrapbite  is  often  formeil  artificialljr  In  certn-in  mctiillyrgic  operations: 
the  brilliiknt  !(Ciilctj  which  Bomt^timefj  sepurule  from  mi.4ied  coJuUiron  oa 
eooUng,  called  by  the  workmen  *'kt*h/*  consist  of  graphite. 

L^mpUlaok,  the  f!>oot  produced  hy  the  imperfuci  combustion  of  oil  or 
rr^in,  in  th«  best  example  that  eaii  be  given  of  carbon  iu  hs  UficrjstulLized 
or  t$morphou*  slate.  To  the  same  uliii^fi  bi^Ioag  the  diflVri'ut  kiud^  of  cbar- 
coaL  That  prepared  from  wood,  citht-r  by  distillation  in  ti  large  iron  retort, 
or  hf  the  amorhercd  combtjjition  of  a  pile  of  fagyla  pArtiallj'  coTurcd  with 
e«rth.  ts  the  roo«»t  valuable  as  fuel.  Coke,  tlic  ciiarroal  of  pit-coal,  is  much 
more  impure;  it  contains  a  large  quantity  of  eurtliy  niHiterj  and  very  often 
iulpbur,  the  quality  depending  very  much  upon  the  mode  of  preparation. 
Ch«rco;ii  from  bones  and  animul  matter.'*  in  general  ia  a  very  valuable  sub- 
■tance^  on  account  of  the  extraordinary  power  it  posnesses  of  removing 
coloring  matters  from  organic  srdntioriH;  it  i»  used  for  thia  purpoj<e  by  iho 
•ugar-refiaer,*«  to  a  very  great  extent^  nnd  ali*o  by  tlio  maiiufaeiuring  and 
»c>entifie  chemist.  The  property  in  queation  ia  poaaesaed  by  all  kinds  of 
ohareoal  in  a  small  degree. 

Charcoal  made  from  box,  or  other  dense  wood,  has  the  property  of  con- 
donarng  gaffes  and  vapora  into  it.^  pores:  of  iimmonia€al  gas  it  is  said  to 
ml»orb  not  leas  than  ninely  times  it»  volume,  while  of  hydrogen  it  takes  up 
le»  than  twice  its  own  bulk,  the  quantity  being  apparently  connected  with 
the  property  in  the  gas  of  Buffering  liquefaction.  TIiib  property  of  absorb- 
ing gm-fCft,  as  well  as  the  decolorizing  power,  no  doubt  depends  in  some  way 
upon  the  same  peculiar  action  of  surface  so  remarkable  in  the  ca^e  of  pla- 
tinum in  a  mixture  of  oxygen  and  hydrogen.  The  absorbing  power  is,  in- 
deed, considerably  increjwc<i  by  saturating  charcoal  with  solution  of  pla- 
tinum, and  sub^9<i>qn>:'utly  igniting  it,  so  as  to  coat  the  charcoal  with  a  tbm 
fklm  of  platinum.  Dr.  8l  en  bouse,  who  suggested  tbia  pUin,  finds  that  ihe 
gases  thus  absorbed  undergo  a  kind  of  oitldatioa  within  tbe  pores  of  the 
charoo&L* 

Com^oundi  0/  Carbon  and  Ozygm. 
There  art  two  direct  inorganic  oompoundA  of  carbon    ft&d    oxygen 


utitil  toe  V . 


''•-  'X  ithv\i%tf4  bj  iuJhptlng  a  chemlcAl  pror****  9tigK(^itt<<d  ^y  Sir 

vnr, onlj  U>  ciTtntn  vuiirtit'^,  uucb  a-*  Ctjlim  >tTa]i 'I *<'•*'    t'hh* 

rtA<r4T'\Y  pi>wilf*rjnl  Kritp)iiu\  pr-'Vlou-tly  lut&etl  wUh  -J,  of 

0Tlt^rtt^^I  i(tii{iUurli!  mlri,  whkh  is  litvitud 

-♦■a.    Thn  aciil  is  lUoii  rt'iaurwl  by  w»ii«r, 

'  UIC4*,  wbum  hf-mtu^l  to  n   LoniiHTntiirit  np* 

-    ii;i    In   n  i  nikv  in  1.-^  .if  flnely  diviilfJ   if^mpiiitn.     Ibo   i^mphlle 

Mur'h  nHnicti-\\»ch  i(f'nf;r(il  HttoDttou  ut  the  KxhibiUuii  uf  VSHO, 

in  -1  tiv  Sir  n   HroakiN  priXTOWi. 

i;«ttib|o  b)i««i.  bjttor  principle*,  Hurt  «Mn(i;<»iit 

:  from   iwtco  lu    t%vfritv  limra   llnir  w^f^rhl  U*r 

<r   r,  nr  or  lixlhln  of  pntiMtiuoi,  i*  qitirktv  4li'pHr4-d 

■^^.l^i.l   m  v.-nUT,t*r   cJlliitL'd   iitri>bn|,  nr«)  prt^ripltnh'*!.  tlinupb   not 

ini;  iilxtitt   Milrtjr   iimi"^  tluHr  Wfi^ht   nf  nnmuil   Thnrrnci].     Arvoniouit  »iid  ta 

iiiit  of  Mtiliitl'Mi.     Jm  Uh»4»*  C4t^e<  ii  M'U  in  XhrfA^  (UfftriMii  WA,r» :  thr  «iijr  Is  *lv 

llut  4<t|il  *  in  rb*  ftilr  rnjty  bo  t<^ucph|;  or>  tho  miUt    pri^l'pitiilr>*l   h»  A  1m*lc 

libit itin  ■litmJTiK;  itn  ncid  n-vkctlun  tu*  *cion  as  thf  rmrlwn  Iw-j^lna  t»  net.     It  in  In 

f  liifv  thit  fri-  i<  r.r  tn*  tf*4(i»*  em  \\e  ilHwtwi.  tJio  nclfl  nH  tVf-**  pri'TPtitUiis 

f  ,t>,|f|   |,|,iy  bi-nr**  l)C  prf>V»t«t»"'l    bv  AlldiliiE    >»T(    rICi'!*»   of 

>  I?  tw  {tiiL<«olvi^  out  hy  h'AUng  witb  art  nn*\  wtbillnn — • 
r>«l.  |*hi>rni  jMurn.  IR-WV;  W»>p|v  n.  Ann  <b'  ftiltn.  ls4fi. 
^iiii'  imn'iMc  ^lili  ''\vt£oti  him]  pru^hicint; ''HflH^rtk  nciA.  Its  <tfir*'rt>nt  tatma 
WtTvrt'nft*  tit  tbU  rr^piHi.ln  tlu^  T4^r>  p'tmnii  c-m«Uti'M>  i»f  chitn-iNtl  it  i<t^rn» 
III  \tm  nir«t  tbn«p  forni,  itu*  dbifiioml.  it  rr<7fjiri*ii  a  fiTlirUl-nnl  \u^n\  anA  V'^^t* 
Til  ttin  hmn  of  rtntrtftat.  ft  tonfhtfti  Ui*>tl  ulrtwjv  *n«l  <»l«  trlcVty  Ti'-niUXv.  r^%t\mu 
m,t«r  tunJ  tiot  tMMo  t<t  be  it/Ttxricd  by  d/f  aijU  moblure.    It  telai^  ^mUu^wi- 
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called  carbon  monoxide  and  carbon  dioxide:   their  composition  may  be 

thus  stated: 


Oompoaitloii  by  weight. 


Carbon  monoxide 
Carbon  dioxide 


Carbon. 
.    12 
12 


Ox; 


?r 


Carbon  Dioxide,  or  Carbonic  Oxidb  (commonly  called  Cm^^me  Add), 
is  always  produced  when  charcoal  burns  in  air  or  oxygen  gas:  it  ie  most 
conTcniently  obtained,  howcTer,  for  study,  by  decompoeing  a  carbonate 
with  one  of  the  stronger  acids.  For  this  purpose,  the  apparatus  for  gen- 
erating hydrogen  may  again  be  employed:  Fragments  of  marble  are  put 
into  the  bottle  with  enough  water  to  cover  the  extremity  of  the  Ainnel- 
tube,  and  hydrochloric  or  nitric  acid  is  added  by  the  latter,  until  the  gas  is 
freely  disengaged.  Chalk-powder  and  dilute  sulphuric  acid  may  be  used 
instead.  The  gaa  may  be  collected  over  water,  although  with  some  loss; 
or  very  conveniently  by  displacement,  if  it  be  required  dry,  as  shown  in 
fig.  118.     The  long  drying-tube  is  filled  with  fragments  of  calcium  ohloride. 

Fig.  US. 


and  the  heavy  gas  is  conducted  to  the  bottom  of  the  vessel  in  which  it  is 
to  be  received,  the  mouth  of  the  latter  being  lightly  closed.* 

Carbon  dioxide  is  a  colorless  gas;  it  has  an  agreeable  pungent  taste  and 
color,  but  cannot  be  respired  for  a  minute  without  insensibility  following. 
Its  specific  gravity  is  1 '524,1  a  litre  weighing  1-96664  grams  and  100  cubic 
inches  weighing  47*26  grains. 

Fig,  119.  This   gas  is    very  hurtful  to    animal    life,   even 

when  largely  diluted  with  air;   it  acts  as   a  nar- 


*  Tn  connecting  tnl>e-AppnnitiM  for  conreylng  gMHS  or  coM 
liqiiidH,  not  corn»t<ivt%  littlo  tuV-m  uf  caoutchouc  about  an  hich  loog 
are  inerprruitJtf  U!«efiit.  Tht'HO  are  mnd«  by  bending  a  pi«c«  of 
BhtM't  indin-niblKT  hKWfly  round  a  gtaM  tulH)  or  rod,  and  catting 
oir  the  Hti|K>rfluou8  i>ortion  with  sharp  arinoif.  Tb«  freslhcut 
e«lp»s  of  tho  caoutciiouc,  pretwod  strongly  togflher,  cohere  coin> 
pletdy.  and  tho  tnhe  is  jH^rfect,  provided  they  haTe  not  b«en 
BoiltHi  liy  touching  with  thf  flnvren.  Tho  eonnector*  are  aeconsd 
l)y  two  or  three  turns  <if  tiiin  silk  cord.  Tubes  of  Tarioua  sites, 
niado  of  vulcanized  india-riililier,  arc  now  articlea  of  commerce, 
and  m»y  bo  conveniently  HulMtitnt«>4l  for  thoM  maile  in  the  labo- 
riitory.  The  gliu«  tubes  »re  Mtld  by  weight,  and  are  eMily  l>ent  fn 
tho  flame  of  a  sfaf^i-Uvinv,  k\\vV>  ^Yicu  tki'jrj wwi ,  cat  by  ecintrhlng 
with  H  file,  and  br»«keu  aii\iu<\«T. 

f  Dulong  and  BerxcUua. 
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cotic  poison.  Hence  flic  danger  arising  from  iraperfect  ▼entilaUon, 
the  use  of  fireplacea  and  stuveB  of  ull  kiml^  unprovidod  with  prosper 
chimin?y*»  and  Ihe  crowding  together  of  many  iudividualg  in  houaes 
■nd  ubips  without  efficient  meiins  for  retiewing  tliv  uir;  fur  curhun 
dioxide  ifl  coixsUntly  disengaged  during  the  prcice«ii  of  respinition,  which, 
M,i  we  bATO  Been  ip.  131),  ia  nothing  but  a  prooe^is  of  (flow  cuiuhuulion. 
ThU  gttkB  is  somelimo**  emitted  in  Inrge  quaulity  from  the  earth  in  volcunic 
diMriotft.  And  it  in  coui^tantly  generated  where  orgimic  matter  is  in  the  mit 
of  undergoing  fermentive  decompoBilion.  The  futal  **nfter-dump*' of  Ibo 
eomUmineii  contAina  a  large  proportion  of  carbon  dioiide* 

A  Ugl>t«d  taper  plunged  itito  carbun  dioxide  is  instantly  eximguisbcd 
even  io  the  rcd-boL  anuff.  When  diluted  with  three  times  its  volume  of 
air,  it  tftlU  retJkina  the  power  of  extinguishing  a  lighL  The  gas  is  easily 
known  from  nitrogen,  which  is  abo  inctipable  of  supporting  corabuslion, 
bjr  its  rapid  ab.sorplion  by  ciiusttc  nlktili,  or  by  liiiie-wnter;  the  turbidity 
commanicated  to  the  Utter  from  Ihe  productiou  of  insoluble  calcium  car- 
bouaJ«  i&  yery  oharacterit+tic. 

Cold  water  diaaolvca  about  ita  own  volume  of  carbon  dioxide,  wbntover 
be  the  density  of  the  gas  with  which  tt  is  in  contact  (comp.  p.  151);  the 
fiolutiOQ  temporarily  redden»  UtmuH-piiper.  tn  cominou  soda- water,  and 
also  in  effervescent  wines,  examples  may  be  seeu  of  the  solubility  of  the 
gas.     Even  boiling  water  abiiorbi  a  perceptible  qimntity. 

Sotne  of  the  interesting  phenomena  at  tending  the  Uquefuclion  of  carbon 
dioxide  have   been  already  described:   it  requires  for  the  |iurpoi*e  a  pres- 
i  sure  of  between  27  and  '2B  atmospheres  at  U°,  aeeordirig  to  Mr.  Adams, 

The  liquefied  oxide  is  colorless  and  limpid,  lighter  than  water,  aud  four 
limes  more  expnn.^ible  tban  air:  it  iiiixep  in  all  proportions  with  ether, 
alcohol,  naphtha,  oil  of  turpentine,  and  carbon  disulphide,  atid  is  inj>olublo 
ia  water  and  fat  oils«  In  this  condition  it  does  not  exhibit  any  of  Ihe 
properties  of  an  acid* 

Carbon  diox^ide  exists,  ns  already  mentioned,  in  the  air:  relatively  its 
quantity  is  bnl  small;  but  abjjolulely,  taking  into  account  the  vast  extent 
of  the  atniosphere,  it  is  very  great,  and  futly  adequate  to  the  purpose  for 
whieh  it  is  designed,  — namely,  to  supply  to  planits  their  carbon,  these  lat- 
ter having  the  power,  by  the  aid  of  their  green  leaves,  of  decouipoiiiing 
carbon  dioxide,  retaining  the  carbon,  and  expelling  the  oxygen.  The 
pr**»ence  of  light  is  essential  to  this  effect,  but  of  the  manner  in  whlcli  it 
ia  produced  we  are  yet  iguoranL 

The  tarhonatejt  form  a  very  large  and  important  group  of  salts,  some  of 

whieh  occur  in  nature  in  great  quantities,  as  the  earbonntes  of  calcium 

-r- ^  magnesium.     They  contain  the  elements  of  carbon  dioxide  and  a  me- 

oxide:   cilcium  carbonate,  for  example,  bcii3g  composed  of  44  parts 

1  N  eight  of  carbon  dioxide  and  56  parts  of  calcium  oxide  or  lime,  or  of 
t^  c&rbon.  48  oxygen,  and  40  calcium ;  *  but  they  are  never  formed  by  the 
direct  union  of  dry  carbon  dioxide  with  a  dry  luelullic  oxide,  the  inter- 
Tcniion  of  water  being  always  required  to  bring  about  the  combination, 
r^tis^ium  carbonate  (pcarlash)  is  the  chief  constituent  of  wood-ashes; 
!4<Mliaui  carbonate  is  Gonfaine<l  in  the  ashes  of  marine  plants,  uii<l  is  mauu- 
f Matured  on  a  very  large  scale  by  heating  sodium  sulphate  with  lime  and 
coaL  These  carbonates  are  soluble  in  water.  Tbo  oiher  metallic  carbon- 
I         Ales,  which  are  insoluble,  may  be  forme<l  by  mixing  a  solution  of  potas- 

•iain  or  sodium  carbutiuie  with  a  soluble  metallic  salt;  thus,  when  solu-      ^^ 
tions  of  lead  nitrate  and  so^tium  carbonate  are  mixed  together,  the  lead     ^^H 
and  sodium  change  places,  forming  sodium   nitrate,  which  remains  dvs^     ^^^ 

LsoUcd»  and  JeaJ  Ciwboaate,  which,  being  inBolubld  in  irikUr,  ia  ^t^V^V-    ^^ 
•  COgCa  or  CO^QkO.  ^ 
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tated  *  in  the  form  of  a  white  powder.    This  is  an  example  of  double  de- 
compotUion,  the  most  frequent  of  all  forms  of  chemical  action. 

The  solution  of  carbon  dioxide  in  water  may  be  supposed  to  contain 
hydrogen  carbonate^  or  carbonic  acid,  consisting  of  12  parts  bjr  weight  of 
carbon,  48  oxygen,  and  2  hydrogen ;  f  but  this  compound  is  not  known  in 
the  separate  state,  only  in  aqueous  solution. 

Carbon  Monoxide,  or  Cabbonous  Oxidb  (commonly  called  Carbanie 
Oxide), — When  carbon  dioxide  is  passed  over  red-hot  charcoal  or  metallic 
iron,  one-half  of  its  oxygen  is  removed,  and  it  becomes  conTcrted  into 
carbon  monoxide.  A  very  good  method  of  preparing  this  gas  is  to  intro- 
duce into  a  jQask  fitted  with  a  bent  tube  some  crystallised  oxalic  acid,  or 
salt  of  sorrel,  and  pour  upon  it  fiye  or  six  times  as  much  strong  oil  of 
vitriol. I  On  heating  the  mixture,  the  organic  acid  is  resolved  into  water, 
carbon  dioxide,  and  carbon  monoxide ;  and  by  passing  the  gases  through 
a  strong  solution  of  caustic  potash,  the  first  is  withdrawn  by  absorption, 
while  the  second  remains  unchanged.  Another  and,  it  may  be,  preferable 
method,  is  to  heat  finely  powdered  yellow  potassium  ferrocyanide  with 
eight  or  ten  times  its  weight  of  concentrated  sulphuric  acid.  The  salt  is 
entirely  decomposed,  yielding  a  most  copious  supply  of  perfectly  pure 
carbonous  oxide  gas,  which  may  be  collected  over  water  in  the  usual 
manner.} 

Carbon  monoxide  is  a  combustible  gas;  it  bums  with  a  beantifhl  pale- 
blue  flame,  generating  carbon  dioxide.  It  has  never  been  liquefied.  It  is 
colorless,  has  very  little  odor,  and  is  extremely  poisonous — much  more  so 
than  carbon  dioxide.  Mixed  with  oxygen,  it  explodes  by  the  electric  spark, 
but  with  some  difficulty.  Its  specific  gravity  is  0*973;  a  litre  weighs 
1*2515  grams;   100  cubic  inches  weigh  30*21  grains. 

The  relation  by  volume  of  these  oxides  of  carbon  may  thus  be  made  in- 
telligible: carbon  dioxide  contains  its  own  volume  of  oxygen,  that  gas 
suffering  no  change  of  bulk  by  its  conversion.  One  measure  of  carbon 
monoxide,  mixed  with  half  a  measure  of  oxygen  and  exploded,  yields  one 
measure  of  carbon  dioxide ;  hence  carbon  monoxide  contains  half  its  volume 
of  oxygen. 

Carbon  monoxide  unites  with  chlorine  under  the  influence  of  light,  form- 
ing a  pungeut,  suffocating  compound,  possessing  acid  properties,  called 
phosgene  gae^  or  carbonyl  chloride.  It  made  by  mixing  equal  volumes  of 
carbon  monoxide  and  chlorine,  both  perfectly  dry,  and  exposing  the  mix- 
ture to  sunshine:  the  gases  unite  quietly,  the  color  disappears,  and  the 
volume  becomes  reduced  to  one  half.  A  more  convenient  method  for  pre- 
paring this  gas  consists  in  passing  carbon  monoxide  through  antimony 
pentachloride.     It  is  decomposed  by  water. 

•    COsNa,       +       (N0,),Pb       =       2NQ,Na       +       OQ>Pb 

/  *  H  r  ■*  \  /•    ■       * \  <-  *    ■        » 

Sodium  Lc'Hd  Sodium  Lead 

carbonate.  nitrate.  nitrate.  «  carbonate, 

t  C  >8n,  or  COjOHr 

X  '2C04ir,      =      CO      +      cOj      +      oils 

Oxalic  Carlson  Carlion  Water. 

acid.  monoxide.         dioxide. 

{  The  reaction  is  represented  by  tbo  equation : 
CeNeK4Fo    -f    rOII,    -f    680411,    =    fiCO    +    2SO4K,    +    8S0^Ii:«)|    +    8Q«V0 

Pobuwium         Water.        Solphnnc      Carlnm      Potafsinm        Ammonittm         * 

ferrocyunidc.  acid.         monoxide,     milphata.  •olphatt. 

JB4Hf  a  paper  jby  tfie  aathor  in  t|ie  Me|noin  ^  Um  QlwaBAnA«MM9%^VL 


CUMl'UliNUd  OF  CAKBON  AND  HYDROGEX,  I'lO 

CompoumiA  vf  Carbon  and  liydrogen. 

The  compoun*!*  of  carbon  und  h^tlrogen  fllrcftdy  known  arc  exceedingly 
numerous:  periiup^  aU,  in  stricluesH,  belung  to  the  doaiaiii  of  organic 
chemtHiry.  a.s  ihey  catinot,  except  in  very  few  ca^leH,  be  formed  by  llic  di- 
rect unioti  of  their  eleiueuti»,  but  atwnya  ari.He  from  the  decompoj^ltion  of  u 
cumptex  body  of  organic  origiti.  Il  will  be  found  convenient,  notwith- 
HIV  riding,  to  describe  two  of  thi-m  in  tbla  part  of  the  volume,  an  they  very 
well  illujttrate  the  important  subjects  of  oorobustion  ivnd  the  nnture  of  flame, 

MHTiiAJfKor  MAit*iH0A8;  Light  Carbon KTTKL*  Hvur<kikn;  Fiuk-damp.— ^ 
Tbi»  gjL?.  \&  but  too  often  found  to  be  itbundikutly  disenguged  in  coal- 
mines from  the  freBh-eut  Htirfnco  of  the  coul,  and  from  ronjtirknble  aper- 
tures or  ** blowers/*  which  emit  for  n  great  length  of  lime  a  copious  alreftm 
or  jel  of  gtiiit  probiibly  exisliug  iu  li  state  of  cumpresaion^  pent  up  in  the 
co«L 

Tlie  mud  %i  the  bottom  of  pools  in  which  water-plants  grow,  on  being 
»tirred,  suff'er^  bubbles  of  gjis  to  escape,  which  mny  be  oHsily  collected. 
Th;!ii,  on  examination,  i»  fotiud  to  be  chiefly  ii  mixture  of  light  carhotictted 
hydrogen  nnd  carbon  dioxide:  (he  latter  is  easily  ab.'iorbed  by  lime-water 
or  cauMtic  potash* 

For  «  long  time,  no  method  was  known  by  which  Ihe  gas  in  queslion 
could  be  produced  in  a  state  approuchiug  to  purity  by  artificial  tneanK; 
the  various  illuminatitig  gases  from  pit-coal  iind  oil,  and  thnt  obtuiiied  by 
pishing  the  vapor  of  aicohul  through  a  red-hot  tube,  euutuiu  lurge  i|Ufin- 
titiei*  of  light  carbonett(jd  hydrogen,  iiS!*ocirtici4»  howcYcr^  with  other  sub* 
-!  iiicesf  which  hardly  admit  of  sepanition;  but  l>uma?»  hii»  discovered  a 
niohud  by  which  that  gas  can  be  produced  at  will;  perfectly  pure,  and 
iu  auy  quantity** 

A  mixture  is  made  of -iO  purls  cryslfilli^etl  ttodium  acetate,  40  pariB  solid 
floiiuiu  hydrate,  and  W  partn  quicklime  in  powder.     This  mixture  iii  trans- 

1  *'d  to  a  Aiv^^k  or  reiort,  and  t^trtiugly  heated;  the  gos  is  disengaged  iri 
-  If  abundance,  and  may  be  collected  over  water,  while  sodium  ctirbonato 
ftfuiiiini»  behind,! 

Methane  is  a  colorless  and  nearly  inodorous  gas,  which  does  not  affect 

.  iiblc  colors  It  burns  with  a  yellow  flume,  generating  carbon  dioxide 
water.  It  la  not  poisououa,  and  maybe  respired  lo  a  grent  extent 
ttiiaiiut  apparent  injury.  The  density  of  this  compound  is  about  0*55'J,  a 
litre  weighia^  0.T16">.S  grftuiii,  and  UKJ  cubic  inches  weighing  1X41  grains  j 
it  contains  carbon  and  hydrogen  associated  in  the  proportion  of  1-  parts 
by  weight  of  the  former  to  4  of  the  latter. J 

Wl»en  100  nicp'^ures  of  this  gaa  arc  mixed  with  200  of  pure  oxygen  in  the 
eudiometer,  and  I  he  mixture  exploded  by  the  electric  ^park,  KiO  measures 
of  ga!)  remain,  which  are  entirely  ubsorbable  by  a  litde  solution  of  eauHic 
poLiu^h.  Now,  carbon  diuxide  cuiitairis  its  own  volume  of  oxygen:  hence 
iHitf  half  ttie  oxygen  added  —  that  is,  HJU  measures —  must  have  been  con- 
*"im*»d  in  uuitiug  with  the  hydrogen.  Consequently,  the  gas  must  contain 
r  » i-'c  its  own  measure  of  hytlrogen,  and  enough  carbon  to  produce,  whcft 
ciujpleiely  burned,  an  equal  quantity  of  carbou  dioxide. 

*  Attn.  Chlm.  Phys.  Ixxill.  tt3. 

f  Sh»  r«a(.*tkm  li  rfFivr^M'tiLod  tiy  tU«  nquiitirm : 

CjlUl^Nn       ^       Nil  no      -      CHi       +      COiHiit 

t^KlniHi  i^xliiuu  Blantlii  S«>rUuiil 

ftcclfile.  liyanilr-.  gmt.  cu-tMiiutie. 

^Iw  ••■  id  llio  UifM»  \»  autmly  t<>  jircvuDt  tho  »udluin  1iydi:»la  frum  fiutlng  and  attacking  tk» 

I  Tb#  tmif  cmtNUc*  f>t  hy4tv^n  h«re  dntctibed  are  rt'pro«M)tpd  by  tbe  followlut^  ^onsvttV* ', 
^fi^tN'  ur  .Vmr^/t  gjut    .     .    C^^.  Etlivtiv  or  OliafUnt  g^     .    .    C^H^. 
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When  chlorine  is  niixf^d  witli  marsh  gas  over  water,  no  rbatige  follows, 
provkUnl  Ughl  be  cxcIihIihI.  The  pniyviice  of  light,  however,  brings  about 
dt*t*oniposiiioii*  hj^lrocUloricr  ati»i.  erirbon  dioxhle*  and  p.omelimes  other 
prodintils,  being  lutuietL  It  ia  tuij<i>rlanL  (o  reraeuiher  Ihiit  this  gas  is  &ol 
Ikcled  upon  by  ehtormo  in  the  durk. 

ExJiKNfc:  or  OLEfiANT  Ga.h,  —  Strong  spirit  of  wine  Is  mixed  with  five  or 
six  liuu'ij  its  weight  of  oil  of  vitriol  in  a  gUs**  flai^k.  the  tube  of  which  passes 
into  a  wa^h'bnttlc  cotitttining  CJUii»tio  poia^h.  A  second  wash-bottle,  portlj 
filled  WMth  oil  of  vitriol,  is  connected  with  the  first*  and  furnished  with  a 
tube  dipping  into  the  water  of  the  pneumatic  trough.  On  the  first  applicj 
tiou  of  heat  to  the  contents  of  the  flask,  alcohol,  and  afterwarda  eihc; 
make  their  appearance;  but,  as  the  temperature  rises,  and  the  mixture 
blackens,  the  ether-vapor  diminishes  in  quant ily,  and  its  place  becomea  in 
great  purl  supplied  by  a  permunenl  itiflammable  gas;  carbon  dioxide  and 
HulphurouH  oxide  are  nlno  generated  at  the  same  limCt  besides  traces  of 
other  products.  The  two  hiat -mentioned  gases  are  absorbed  by  thf  alkali 
in  the  lirst  buttle,  and  the  etlier-vupor  by  the  acid  in  the  second,  so  t bat  Ihc 
olefiant  gas  is  delivered  toleriibly  pure.  The  entire  reaeiion  is  too  complex 
to  he  discussed  at  the  present  moment;  it  wil!  he  found  fully  described  in 
another  part  of  the  volume;  but  the  ethene  may  he  regarded  as  resulting 
from  a  simple  dchydTatiou  of  the  alcohol  by  the  oil  of  vttrioL*  Olefiaiit 
gas  thus  produced  is  colorless,  neutral,  ami  but  slightly  soluble  in  water. 
Alcohol,  ether,  oil  of  turpentine,  and  even  olive  oil,  as  Faraday  bas  observed, 
dissolve  it  to  a  considerable  cxtenL  It  has  a  faint  odor  of  garlic.  On  tlM 
approach  of  a  kindled  taper,  it  takes  fire,  and  burns  with  a  f<plendid  whit 
light,  far  surpassing  in  brilliauey  that  produced  by  marsch  gas.  This  gas, 
when  mixed  with  oxygen,  and  tired^  exjdodcM  wiih  extreme  violence.  Its 
density  is  0*981 ;  ft  litre  weighs  1*251^4  grams;  100  cubic  iDches  weigh  ftO-fj? 
grains. 

By  the  use  of  the  eudiometer,  as  already  described,  it  has  been  found  that 
etich  mt^uiHure  of  ethene  re(|yires  fur  lomplete  eomliustion  exactly  three  of 
oxygen,  and  proiiuct.s  under  these  circumj*t»nee8  two  measures  of  carbon 
dioxide;  whence  it  is  evident  that  it  contains  tuice  its  own  Tolume  of  hy- 
drogen eointained  with  twice  as  much  carbon  as  in  methane, 

IJy  weiglil,  these  proportions  will  be  *2i  purls  eorhon  and  4  parts  hydrogen, 

KtheuG  is  decomposed  by  passing  it  through  a  tube  heated  to  bright  red- 
ness; a.  deposit  of  charcoal  and  lar  takes  place,  and  the  gas  becomes  eon- 
▼crled  into  marsh  gas,  or  even  intofree  hydrogen,  if  the  tempeniture  be  very 
high.     This  latter  change  is^  of  course,  attended  by  increase  of  volume. 

Chlorine  acta  upon  eiheue  iu  a  very  remarkable  manner.  When  the  two 
bodies  are  mixed,  eveti  in  the  dark,  they  ctunbine  in  e<|ual  measure*,  and 
give  rise  to  a  heavy  oily  liquid,  of  sweetish  taste  and  ethereal  odor,  to 
which  the  namo  of  ethene  chloride,  or  Dutch  liquid, |  is  given.  It  is  lYom 
this  peculiarity  that  the  term  olftiunt  gas  is  derived. 

A  [dcasiug  anil  instructive  experiment  may  also  be  made  by  mixing  in  » 
tall  jar  two  measures  of  chlorine  and  one  of  ethene,  and  then  quickly  ap- 
plying a  light  to  the  moutii  of  (he  vessel.  The  chlorine  and  hydrogen  unite 
with  tlume,  which  passes  quickly  down  the  jar,  while  tho  whale  of  the  carbon 
is  set  free  in  the  form  of  a  (hick  black  smoke. 

Coal  ANi>  itiL  Oases.  —  The  mauufHCture  of  coal-gas  1»,  nt  the  present 
moment,  a  branch  of  industry  of  great  interest  and  importance  in  several 
pointij  of  view.  The  process  is  one  of  great  uimplieity  of  primiiple.  but 
requires,  in  prftcticc^  somu  delicacy  in  management  to  yield  a  good  result. 


Btlleuo. 
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When  pit-coal  is  subject cd  to  destructive  di»r illation,  a  Yariety  of  products 
tbow  Ihemselvrs  —  permHnont  gam^s,  HleatD,  tind  volalile  oil.-,  bei^itips  a  not 
incoii«idcrftblc  (juaniity  of  ammonia  from  Ihe  nitrogen  alwuys  prowenf  in 
the  coaL  Tlicac  Kiibj^tanccs  vary  very  nnieli  in  tlieir  p^roportionH  with  fho 
temp«rattire  at  which  the  process  in  eoinliiL'icd,  the  pcriyanenf  gattoH  be- 
eomtng  more  abundant  with  increased  hcut,  but,  at  the  same  time,  losing 
tnueh  of  Ibeir  value  for  the  purposes  of  illumination. 

The  coal  19  distilled  in  cast-iron  retorts,  mftititMined  at  a  bright-red  heai» 
and  the  Tolatilized  product  ia  conducted!  into  a  loii^  hori/.otitiil  pipe  of  largo 
dinien$«ion^,  always  haHf  filled  with  ]ii)uid,  into  which  the  cxtreuuty  of  each 
fieparatc  tube  dip^i:  this  \s  called  the  hydraulic  muin«  The  g&B  ami  its 
accompanying  Tapors  are  neit  ruade  to  traverse  a  refrigerator  — iisujilly  a 
tifri*'*  of  iron  pipes,  cooled  on  the  ou1.4ide  hy  a  stream  of  water;  here  the 
condensation  of  the  tar  and  the  amnioniacid  liquid  becomes  complete,  and 
the  ga»  proceeds  onward  to  another  part  of  the  apparalun,  in  which  It  ia 
deprived  of  the  t^tilphuretled  hydrogen  and  carbonic  arid  gasea  alwayn  pres- 
^.,1  ;..  t\.f.  crude  product.  Thi^  wri.s  fornierly  effected  by  slaked  lime,  which 
-iorba  the  compounds  in  quee^liou.  The  use  of  lime,  however,  has 
^  »st   superseded  by  that  of  a  juixture  of  nawdusi   und   iron   oxide. 

This  mixture,  after  having  been  employed,  is*  exposed  for  some  time  to  the 
ftiino^^phrrc,  and  is  then  fit  for  u^e  a  »eci>nd  time.  The  purifiers  are  large 
iron  vessels*  filled  either  with  sluked  lime  or  with  the  iron  oxide  mixture. 
The  gaa  h  admitted  at  tlie  iiottoni  of  ihe  vessel,  and  made  to  pass  over  a 
large  surface  of  the  purifying  agents.  The  luj«l  part  of  the  operation, 
which,  itideed,  la  often  omitted,  conHitil?  in  pngi^ing  Ihe  giis  throngli  dihit^^ 
Fulpburic  acid,  in  order  «o  remove  ammonia.  The  quantity  thus  c^eparaled 
in  very  small,  relatively,  to  the  bulk  of  the  gas,  but,  in  an  cxicusive  work, 
berome*!  an  object  of  importance. 

Coal-gas  thus  manufactured  and  purified  w  presei*Ted  for  use  in  immense 
cylindrical  receivers,  closed  at  tlie  top,  ?u upended  in  tanks  of  vvnter  by 
chains  to  which  counterpoises  are  all  ached,  so  that  the  gas-holders  rise 
And  Bttik  in  the  liquid  um  they  become  filled  from  the  purifiers  or  emptied 
hy  the  mains.  These  latter  arc  made  of  large  diameter,  to  diminish  as 
Ti-«ii-li  A»  possible  thfl  reaistanco  experieticed  by  the  g»»  in  pa??<iiig  tlirough 
*uch  a  length  of  pipe.  The  joints  of  these  mains  are  still  made  in  so  im- 
perf«ci  a  manner  that  immense  loss  is  experienced  by  leakage  wlieii  the 
|kres8uro  upon  the  gas  at  the  \vDrka  exceeds  that  exerted  by  a  column  of 
water  an  inch  in  height.* 

CoaUgas  varies  very  mnch  in  cmnposition,  Judging  from  its  Tariable  den- 
sity and  illuminnting  powers,  and  from  the  analyses  which  have  been  made. 
The  difficulties  of  such  investigations  are  very  great,  and  unless  particular 
precantion  be  taken,  the  results  ore  niertdy  approximative.  The  purified 
gaa  U  belicTed  lo  eon  lain  the  folU>wing  substances,  of  which  the  first  is  tlie 
iao9t  abundant,  and  the  ^^econd  the  most  valuable : 

Methane,  or  Marsh  gas. 
Eihone,  or  Olefiant  gas. 
Hydrogen. 

•  II  mtkj  KlTo  mmf  i«!«  of  th*«  <»x«*»rit  of  thii  *p«*iM  nf  mannfartiire.  to  m<«Titffiii  thut  la  th« 
y**i*r  IHS**,  f<>f  tlffhUmp:  l/ttirlon  «it*l  Ui**  MMtnirii-!*  i»Oni»\  th^rt^  W'»r**  fh'Mt^'-u  imiIiM*:  irrtH-wurkN, 

*dJ  £•:■"    '^^^  ^    '  .  ,  r,.  .  1  0(  £4,^iO.OiiO,  mid 

11m  hi  •  »Hv  f«f|  «tf  fc*tt 

brine  '  '    UifTtp'      ^Wlutia 

HTCUBI  wrrr  .r    ri.^rilv-j^.nr  n-ii  '  inl  |.i::OJUU) 

enXAc  f**t  «r  _  i»t.  —  fVr,  thrtOih  >'>jfnrttirf»^ 

fSacw  Ihni  ltCH«n  pimrniouftly  ii  utit  of  oonl 

IPv4  Ifl  l*»l|Mi'..«  ill    ^-^-.  niiini*-*,- '"    '*"''>   /"  r-»f//H«f*«(jf  «l  niOPt'  lluim  -Miiii-HM  nm-,  \  u  iiUnt  T\o\  "^ 

>  y.l»4i»*/  or»s,Mi  f^t^t  >,f  gnm.     In  thf'  mmtf  yrar,  tho  auLkbi  111  lU^  W<Wu  mUv^U  T 
f  £fy0  itjrtti>t*nJ/tMr}  hugth  of  20O0  milm. 
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Carbon  Monoxide. 

Nitrogen. 

Vapors  of  volatile  liquid  Hydrocarbons.* 

Vapor  of  Carbon  Bisulphide. 

Separated  by  Condensation  and  by  the  Purifien. 

Tar  and  Volatile  Oils. 

Ammonium  Sulphate,  Chloride,  and  Sulphide. 

Hydrogen  Sulphide. 

Carbon  Dioxide. 

Hydrocyanic  acid,  or  Ammonium  Cyanide. 

Sulphocyanic  acid,  or  Ammonium  Sulphocyanaie. 

A  far  better  illuminating  gas  may  be  prepared  from  oil,  by  dropping  it 
into  a  red-hot  iron  retort  filled  with  coke ;  the  liquid  is  in  great  part  decom- 
posed and  conyerted  into  permanent  gas,  which  requires  no  purification,  as 
it  is  quite  free  from  the  ammoniacal  and  sulphur  compounds  which  Titiato 
gas  from  coaL  Many  years  ago,  this  article  was  prepared  in  London ;  it 
was  compressed  for  the  use  of  the  consumer  into  strong  iron  yessels,  to  the 
extent  of  80  atmospheres :  these  were  furnished  with  a  screw-yalye  of  pe- 
culiar construction,  and  exchanged  for  others  when  exhausted.  The  com- 
paratiTe  high  price  of  the  material,  and  other  circumstances,  led  to  the 
abandonment  of  the  undertaking.  On  the  Continent,  gas  is  now  extensively 
prepared  from  wood. 

COMBUSTION,  AND  THE  STRUCTURE  OP  FLAME. 

When  any  solid  substance  capable  of  bearing  the  fire  is  lieated  to  a  cer- 
tain point,  it  emits  light,  the  character  of  which  depends  upon  the  tempera- 
ture. Thus,  a  bar  of  platinum  or  a  piece  of  porcelain,  raised  to  a  particu- 
lar temperature,  becomes  what  is  called  red-hot,  or  emissive  of  red  light : 
at  a  higher  degree  of  heat,  this  light  becomes  whiter  and  more  intense,  and 
when  urged  to  the  utmost,  as  in  the  case  of  a  piece  of  lime  placed  in  the 
flame  of  the  oxy hydrogen  blowpipe,  the  light  becomes  exceedingly  powerful, 
and  acquires  a  tint  of  violet.  Bodies  in  these  states  are  said  to  be  mean- 
descent  or  ignited. 

Again,  if  the  same  experiment  be  made  on  a  piece  of  charcoal,  similar 
effects  will  be  observed ;  but  something  in  addition :  for  whereaa  the  plati- 
num or  porcelain,  when  removed  from  the  fire,  or  the  lime  from  the  blow- 
pipe flame,  begin  immediately  to  cool,  and  emit  less  and  legs  light,  until 
they  become  completely  obscure,  the  charcoal  maintains  to  a  great  extent 
its  high  temperature.  Unlike  the  other  bodies,  too,  which  suffer  no  change 
whatever,  either  of  weight  or  substance,  the  charcoal  gradually  wastes 
away  until  it  disappears.  This  is  what  is  called  comhtution,  in  contradis- 
tinction to  mere  ignition ;  the  charcoal  burns,  and  its  temperature  is  kept 
up  by  the  heat  evolved  in  the  act  of  union  with  the  oxygen  of  the  air. 

In  the  most  general  sense,  a  body  in  a  state  of  combnstion  is  one  in  the  act 
of  undergoing  intense  chemical  action:  any  chemical  action  whatsoever,  if 
its  energy  rise  sufficiently  high,  may  produce  the  phenomenon  of  combus- 
tion, by  heating  the  body  to  such  an  extent  that  it  becomes  luminous. 

In  all  ordinary  cases  of  combustion,  the  action  lies  between  the  burning 
body  and  the  oxygen  of  the  air;  and  since  the  materials  employed  for  the 
economical  production  of  heat  and  light  consist  of  carbon  chiefly,  or  that 
substance  conjoined  with  a  certain  proportion  of  hydrogen  and  oxygen,  all 
common  effects  of  this  nature  are  cases  of  the  rapid  and  violent  oxidation 
of  carbon  and  hydrogen  by  the  aid  of  the  free  oxygen  of  the  air.    The  heat 

*Tbeee  bodies  increase  the  illaminatfng  power,  and  conlet  on  \\m  «n  V\»^iwgQ&»  oAok. 
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I  referred  to  the  wsi  of  chemical  union,  and  ihe  light  to  the  eleyftted 

By  tliLfl  prmciple*  it  Is  cosy  to  understand  the  means  which  must  he 

AopUHl  to  iuert'u^e  the  hc?at  at  urdinury  fires  lo  Uit*  ymui  nc?e«?8»iii'y  lo  mflt 

ifr*ctofy  njetuU,  und  lo  bring  aL>out  cerijiia  dt-tiired  ftl'tets  of  chemical 

compoi^ition.      If  the  rale  of  consumption  i»f  the  hu4  cnn  hv  itjcrtiised  by 

kmore  raptd  introduction  of  air  inttj  the  burning  um^^i^,  the  intensity  4jf  the 

pill  of  necc8«iity  rise   in  the  same  rulNi,  Mic*  ijiiiiutity  iif  bcjit  tvolved 

ting  filed  and  definite  for  the  tKame  constunl  (juiAUiiiy  of  ehi^mical  action* 

"bis  increased  supply  of  air  may  be  etlected   by  two  distinct  iiicthodu:  it 

■y  be  forced  into  the  Hre  by  bellows  or  blowing-nmchincs,  iis  in  the  com- 

forge  and  in  the   blast  and  ciipolH-fnru!ict*s  of  the  iron-worker,  or  it 

iy  be  drawn  through  the  burninp  miiterialw  l>y  ilieliclp  of  Ji  tAll  L-bimney, 

fireplace  being  closer!  nn  all  sides,  and  no  entrance  of  air  allowt-d,  save 

twettn  the  bars  of  the  grate.     Such  is  the  kiinl  <»f  furnace  generally  era* 

oyed  by  the  scientific  eheniist  in  assaying  and  in  tlie  iciluction  of  nietnllia 

by  charcoal:  the  principle  will  be  at  once  undprf^iood  by  iho  ai«l  of 

!  aectional  drawing  (fig.  V20},  in  which  a  crucible  is  represented  arranged 

y  tlie  fire  for  an  operi^tioa  of  the  kind  meutlouecL 


I^.lVK 


p 
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[Tilt  ••wverberatory'*  furnace  (fig.  121)  is  one  Tery  mncb  used  in  Ihe 
"ti  wbtn  iubstancps  are  to  be  exposed  to  beat  without  contact  with  the 
eL  The  fire-chamber  is  separaleil  from  the  bed  or  hearth  of  the  furnace 
lo,..  ivnll  or  bridge  of  brick-work,  nnd  ihe  tlame  aii*l  heated  air  are  re- 
nward  by  the  arched  form  of  the  roof.  Any  degree  of  bent  can 
d  in  a  furnace  of  this  kind  — from  the  temperature  of  dull  red- 
rs9  to  that  required  to  tnell  very  large  qimntitieH  of  cast-iron*  The  fire 
I  urged  by  a  chimney  provided  with  a  sliiiiug-pkie»  or  damper*  to  regulat© 
b«  draught-, 

4Solids  and  liquids,  as  melted  metal,  possess,  when   Hufficicntly  heat«d, 
be  fartdiy  of  emitting  light;    the  .fame  power  is  cibibited  \>y   pw%<*o\\% 
f»J/(*ift  but  fhe  rempcrfiUire  refniiro*i  to  rerifler  a  gas  liimuiouw  \?.  Siu't\TAv- 
Tab/r  higher  UtAn  ia  ihe  enscs  ulrmiiy  described.      Gitft  or  ^tv^^ot  'i«t  VVv& 


174  COMBUSTION,   AND 

condition  constitutes  fiamt,  the  actual  temperature  of  which  generally  ex- 
ceeds that  of  the  white  heat  of  solid  bodies. 

The  light  emitted  from  pure  flame  is  often  exceedingly  feeble ;  but  the 
illuminating  power  may  be  immensely  increased  by  the  presence  of  solid 
matter.  The  flame  of  hydrogen,  or  of  the  mixed  gases,  is  scarcely  risible 
in  full  ditylight;  in  a  dusty  atmosphere,  however,  it  becomes  much  more 
luminous  by  igniting  to  intense  whiteness  the  floating  particles  with  which 
it  comes  in  contact.  The  piece  of  lime  in  the  blow-pipe  flame  cannot  hare 
a  higher  temperature  than  that  of  the  flame  itself;  yet  the  light  it  throws 
off  is  infinitely  greater. 

On  the  other  hand,  it  is  possible,  as  recently  pointed  out  by  ]>r.  Frank- 
land,  to  produce  very  bright  flames  in  which  no  solid  particles  are  pre!<cnt. 
Metallic  arsenic  burnt  in  a  stream  of  oxygen  produces  an  intense  white 
flame,  although  both  the  metal  itself  and  the  product  of  its  combustion 
(arsenious  oxide)  are  gaseous  at  the  temperature  of  the  flame.  The  com- 
bustion of  a  mixture  of  nitrogen  dioxide  and  carbon  bisulphide  also  pro- 
duces a  daziling  white  flame,  without  any  separation  of  solid  matter. 

The  conditions  most  essential  to  luminosity  in  a  flame  are  a  high  tem- 
perature, and  the  presence  of  gases  or  vapors  of  considerable  density.  The 
effect  of  high  temperature  is  seen  in  the  greater  brightness  of  the  flame 
of  sulphur,  phosphorus,  and  indeed  all  substances,  when  burnt  in  pure 
oxygen,  as  compared  with  that  which  results  from  their  combustion  in  com- 
mon air ;  in  the  former  case  the  whole  of  the  substances  present  take  part 
in  the  combustion  and  generate  heat,  whereas  in  the  latter  the  temperature 
is  lowered  by  the  presence  of  a  large  quantity  of  nitrogen,  which  contrib- 
utes nothing  to  the  effect.  The  relation  between  the  luminosity  of  a  flame 
and  the  yapor-densities  of  its  constituents  may  be  seen  from  the  following 
table,  in  which  the  vapor-densities  are  referred  to  that  of  hydrogen  as  unity. 

Relative  Densities  of  Gases  and  Vapors, 

Arsenious  chloride  .         ,         9f 
Phosphoric  oxide     .       71,  or  142 

Metallic  arsenic  .  .  .     160 

Arsenious  oxide      .         .         198 


A  comparison  of  these  numbers  shows  that  the  brightest  flames  are  those 
which  contain  the  densest  vapors.  Hydrogen  burning  in  chlorine  produces 
a  vapor  more  than  twice  as  heavy  as  that  resulting  from  its  combustion  in 
oxygen,  and  accordingly  the  light  produced  in  the  former  case  is  stronger 
than  iu  the  latter;  carbon  and  sulphur  burning  in  oxygen  produce  vapors 
of  still  greater  density,  namely,  carbon  dioxide  and  sulphur  dioxide,  and 
their  combustion  gives  a  still  brighter  light;  lastly,  phosphorus,  which  has 
a  very  dense  vapor,  and  likewise  yields  a  product  of  great  vapor-density, 
burns  in  oxygen  with  a  brilliancy  which  the  eye  can  scarcely  endure. 
Moreover,  the  luminosity  of  a  flsme  is  increased  by  conden«ing  the  sur- 
rounding gaseous  atmosphere,  and  diminished  by  rarefying  it.  The  flame 
of  arsenic  burning  in  oxygen  may  be  rendered  quite  feeble  by  rarefying 
the  oxygen :  and  on  the  contrary  the  faint  flame  of  an  ordinary  spirit-lamp 
becomes  very  bright  when  placed  under  the  receiver  of  a  condensing  pump. 
Frankland  has  also  found  that  candles  give  much  less  light  when  burning 
on  the  top  of  Mont  Blanc  than  in  the  valley  below,  although  the  rate  of 
combustion  in  the  two  cases  is  nearly  the  same.  The  effect  of  condensa- 
ti'on  in  increnaing  the  brightness  of  a  ^ame  \ft  a\ao  ^VtWaw^Vn  w«n  in  the 
combustion  of  a  mixture  of  oxygen  and  \\ydro^e\\,  viV\c\i  %\N^^\v\iV.%.\«<W^vi 


Ilydrogen 

1 

Water  .... 

.       9 

Hydrochloric  acid  . 

18J 

Carbon  dioxide    . 

.     22 

Sulphur  dioxide 

82 
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f\ff.  122. 


Ffff.  123. 


Nt  wii«n  burnt  under  the  ordinary  atmoaplieric  pressure,  nit  in  the  oxy- 
iiy«irogen  blowpipe^  btit  a  very  brigbt  i\n»h  wUvn  i'iplt>rl(?<i  in  Ihe  Ciivendisb 
u<j'totttrter  ip.  144 1,  in  wliicb  the  water-vapor  produced  by  tbc  corabuslion 
pr even  I  Oil  iVoui  L^xpaiieling. 

Iljimvi*  hurtling  in  the  air,  and  not  supplied  with  oxygen  from  another 
uurcc,  are,  as  alreaily  Htated,  hollow,  tjjc  I'lieniical  netioii  being  Dectssarily 
Dnfined  to  the  spot  where  I  lie  two  bodies  unite.     Timt  ot  a 
Jop  or  catidle,  when  carefully  examined,  i»  seen  to  consist 
three  separate  portions*     The  dark  central  purt,  easily 
tndrrcd   evident   by  depressing  upon  the  llnnie  (i  piece  of 
vire-game,  consists  of  comhn5<tihle  nintter  drawn  up  hy 
be  eapillarily  of  (he  wick,  and  volatilized  by  the  heat.    Thie 
surrounded  by  a  hijfhly  luniitiouiH  ccme  or  envelope,  which, 
I  contact  with  a  e(*ld  body,  depopits  noot.     (Jn  the  onlside, 
^  second  cone  is  to  be  traced,  feeble  in  its  light-giving  power, 
at   hariug   an   exceodiuffly   high    lenipenvhire.      The  most 
robnble   explanation    of  ihese   appearaneea   is   an  follows: 
rbon  and  hydrogen   are  very  unequal  in  iheir  attraction 
fcr  oxygen,  the  lailor  greatly  exceeding  the  former  in  this 
rpecl ;  consequently,  when  both  are  pretient,  nnd  the  i*up- 
ily  of  oxygen  liniitt'd,   the  hydrogen  takes  up  llie  greater  portion    of  the 
i&jrgen,  to  the  exclusion  of  a  great  part  of  (he  eaihou.     Now,  (hi»  happens, 
llie  ea»e  under  consideration,  at   soioe   little  dit^iance  within  the  outer 
ttrfacc  of  the  flnme  —  namely,  in  the  hiniitioiis  portion  ;   the  little  oxygen 
rhich  hfts  pen et ruled  thus  far  inward  w  tuot^tly  consumed  by  the  by drogen, 
id  hydro  carbon*  are  separated,  rich  in  eatbon  and 
great  density  in  the  state  of  vapor  (ntiphthsilene. 
hrywene,  pyrene,  etc/).     The^<io  hydro-carbons,  wliich 
Vould  form  smoke  if  they  were  cooler,  and  arc  depo^- 
m1  on  a  eold  body  held  in  the  tlanie  in  the  form  nf 
Dot.*  become  intensely  ignited  by  the  burning  hyd in- 
to, and  evolve  &  light  whose  whitenei*.'*  markj*  a  very 
[icTiited  (eiuperalure.      In   the  extertor  and  scarcely 
*  lible  cone,  these  hydro-cjirbons  undergo  combustion » 
A  jet  of  coal-gas  exhibits  the  same  phenomena;  but 
the  ga«  be  previoiif^ly  mingled   with   air,  <:»r  if  air 
foreibly  mixed  with,  or  drivi^ii  into   Mie  ilume,  no 
Bch  sepnratitin  of  carbon  occurs:  the  hydrctgcn  and 
hrbon  burn  (offffhrr,  forming  vapot^s  cf  much  lower 
PDf^ity,  and  llie  illuminating  powerahoost  disappears. 
Th«  ronimoti  moulh  blowpipe  is  a  little  iUMlrument 
^  ^n?ttt  utiliiyi  it  \n  merely  a  brass  tube  tilted  with 
ivory  mouthpiece,  ami  terminated  by  a  jet  biiving 
»  ^niall  iiperture,  by  which  a  current  of  air  is  <lrivcu 
pr<*i^  I  he  dame  of  a  candle.     The  bl'^^t  torm  is  pur- 
4prt  that  contrived  by  Mr.  Pepyi*,  and  shown  in  fig. 
'iZ.     The  flume  so  produced  is  very  peculiar. 

fniilead  of  the  double  envelope  just  described,  two 
f>ug  pointed  cones  are  observed  (fij^r.  V24),  which, 
then  the  blowpipe  is  good,  and  the  aperture  smooth 
nd  round,  arc  very  well  defined,  the  outer  cone  being 
e|^^^  inh  rtnd  the  fnner  blue.  A  doitble  combustion  is, 
iog  on.  by  the  hhisl  in  the  inside,  and  by  I  he 

ir.     The  space  between  the   inner  ami   ouier  cones  is  tilled  with 
ii-ly  hot  eombus^jble/n/if/er.  po.H,*p«rsingslrong  reducing  ov  i\ets%Vi\vi.* 
poncrtt:  nhilo  the  highly  hcHttnl  nw  junt  bey o ml  ikepoiuV  oV  iW  fcX^-WOt 
*ik^t  i*  tt*^t  pttrf  cAThon,  hut  M  fnUfare  of  heavy  hydn^-caibouu 
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cone  oxidtifefl  with  gffcat  facilitj.    A  enmn  portion  of  nititler,  Hupported  ^ 
piece  of  cliarcoaU  or  fixed  iu  a  ring  nt  I  lit  end  of  a  tine  plniinian  wire,  can  ilm 
in  an  iriHluut  be  cxpoi^cfl  to  u  very  high  degrd 
of  heat  uudi^r  th^m  ciMilnirttod  circumslajice 
iiuil  observatvciDi^  of  greiit  valuL'  mftde  iu  i&  ver 
aliort  tiint\    Tlie  utie  of  the  iujjtrmueiit  requires 
fill  even  and  unintt'rrupttJ  Mast  of  5oiue  dura- 
lion,  b^'  a  luelhod  ea^iily  tictinired  with  a  IJtlle 
patience:   it  consists  iu  employing  for  the  pur- 
pose the  mufjeleij  of  the  cheeks  alone^  rcfpira- 
tiou  bcin^  conducted  through  the  no(§tribi.  and 
the  niouih  from  lime  to  lime  replenished  with 
air.  Aviihout  intermission  of  the  bl»isl. 

The  Artcaud  himp,  uduptcd  to  bum  cither  oil 
or  epirit*  but  especially  the  latter,  is  u  very  iiaefiil  piece  of  eheruieal  Mppa- 
rntui*.  In  ihis  lamp  the  wick  it*  cylindrical,  the  tiamc  being  HiippUeii  with 
Air  bolh  inside  and  »jiitwide :  the  combuaiion  is  grcuilj-  aided  by  the  cbim- 
ney,  which  m  made  of  copper  when  the  lamp  its  used  an  n  f«ource  of  heat. 

Fig.  125  eihihittf.  in  sectioti,  an  excellent  lamp  of  this  kind  for  buruing 
alcohol  nr  winniri-sipint.  It  is  constructed  of  thin  copper,  and  furnii^hi'd  with 
^ound  caps  to  the  wick-holder  and  uperture,*  by  which  tlie  sphiL  in  intro- 

Fiff.  125.  ^.  120. 


dticed,  in  order  to  prevent  loss  when  the  latnp  h  not  in  us©,  Gla«8  spirit", 
lamp?  (tig.  12*^^1),  titted  with  caps  tc  prevent  eriiporation,  are  Tery  couvenieiii 
for  occasiofiiil  use,  being  aluayH  rendy  nnd  in  order. f  j 

Tn    London,  and  other  birpe  town.H  where  coul-gns  h  lobe  had»  it  is  conJ 
stanlly  used  with  the  greatest  economy  and  advantage  in  every  resipcci  n 
a  source  of  heat.     Retorts,  flusks,  capsules,  and  other  vesacb^  can  be  thu 


Fiff.  1-2 


np(ni«  ottierwi«e  IM1  4u.4  hltnt  I*  (»uni  to  lmi>|»ra{f 
the  lip»t  f-xp^tiMli^  tiK'  Mir  ill   ttm  lamp,  nu<l   thm 
spirit  is  fonW  imi  Ut  it  winter  of  inltiiinrmttlott. 

fix    IIKnliflUlitioil    of    iUl^    Ar^Mlkil    I^Mip    likHr-i 

rrlvi..!  i.y  tbi»  Utif  Profi^N.r  J  K    Mil*  Itrl  ie  mI-J 

Ti^'  ■       "     ni    the    Wirk-holdtfT    l>"i«g   ki'ptl 

*    '  '    ^,V  iho  twiTf'iit   of  nir  AlwMyitl 

'■I'   -r-^  '^-    ■       -         '.       ■      '  .     '-0 

iMit  liy  r;i 

ll]lMi<1  tt|,i>  u    >,[> 

foiiiilAin,    Ity  Mi 


tfifi  /t/tYfhnf  nfrrr  /xvornm  hwitevl  pn  m  to  flY  <»tr  t\iroU(LVi  IUb  ir«,uUtQ\u,  w\ek  Vt^\»*  Xn 
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Ffg.  128. 


Fig.  129. 
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expO«erl  lo  an  ejiaily  regulated  nnA,  inTJirtnble  tempiTalure  for  many  auec«i* 
aiTC  hotir*.  Sinall  platmiim  crtitnhloa  may  be  ijinitt'ii  U\  wAwit^'^i  by  placing 
tliem  oTcr  the  flnrac  on  a  littk?  \*ire  Iriangle.     The  urrung<jiueuL  sbuwa  In 

127,  cunsUling  of  a  common  Arg«ii<i  j^uH-burnur 
ftzeil  on  a  h«ary  iLiid  low  foot,  autJ  connected  witb  a 
flexible  tube  of  caoutchouc  or  otber  materiwl,  is  very 
eociTenieiiL 

A  higher  lemperature,  nod  pprfectly  smokeless  flume, 
is,  howev<^rt  obtained  by  burning  the  gas  previously 
mixed  with  air.  Sucb  a  flame  is  fnaily  prodiictd  by 
pUtoiniii:  a  cap  of  wire-gauze  on  tbo  chimney  of  ilse  Ar* 
pind  buraer  just  described,  uftd  sotting  fire  lo  the  gas 
above  the  wire-gaaie.  The  flame  does  not  penetrate 
below,  but  the  ga3  in  passing  up  the  chimney  becomes 
mixed  with  air,  nnd  thi^  mixturo  burns  above  the  cup 
with  a  blue,  Mmokele^^s  flame. 

Another  kind  of  burner  for  producing  a  smokeless 
flame  hiif*  been  contrived  by  Profe!-ii4or  BuoHeii,  and  Is 
now  ^^ry  genenitly  n**ed  in  ehemical  laboriitories.     In 

Uiis  burner  (tig.  1*3)  I  lie  gas,  i*np[>lieij  by  a  flexible  Uibe^  ^  pas,«es  through 
a  fiel  of  ijrniill  holes  into  the  box  at  «,  in  which  it  mixes  with  atmus<pherio 
air  entering  freely  by  a  number  of  holea  near  the 
tap  of  the  box.  The  gas^eunn  mixture  p^isses  up  the 
tube  At  and  i^  inflamed  af  (lie  lop,  where  it  hurna 
with  a  tall,  blue,  nmokcless  llamc,  giving  very  link 
light,  bm  mueh  heat,  By  nrrrtiiging  two  or  more 
«»ich  tubes,  fogcther  with  an  air-box  cotitiiining  a 
itifficient  numbi^r  of  hole^t  a  very  powortul  burner 
may  be  constructed. 

Considerable  improirementis  in  this  form  of  burner 
hare  been  made  by  Mr.  Oriffin,  who  has  tilso  con- 
Btructed,  on  the  same  principle,  powerful  gaw-fur-  _ 

nacea,  affording  heat  sufficient  for  the  deconipopition 

of  nUicates,  and  the  fusion  of  eon^iderablr  ipmntittes  of  copper  or  iron** 
The  principle  of  burning  »  mixture  of  gas  and  itir  18  aljto  npplied  in  llof- 
mann'^  gaH-furnace  for  organic  analysis,  which  will  be  deaerihed  under  Or- 
ganic ('hemislry. 

The  kimtling-point,  or  temperature  at  which  combustion  romtnences,  is 
Tery  diflereut  with  difTeretit  substancea!  phosphorug  will  ^^t^metinlew  tuke  fire 
i&  the  band;  sulphur  refjuiros  a  temperntnre  exceeding  iliat  of  boiling 
water;  charooal  inui*t  be  bcaic<l  to  rednesw.  Among  gnHcnuM  bndica  the 
same  fact  is  observed:  hydrogen  in  inflamed  by  a  red-hot  wire;  light 
oarbonetied  hydrogen  retjuires  a  white  heat  to  efl^ect  the  pnme  thing.  When 
flame  is  cooled  by  any  means  beluw  llie  temperature  a1  which  tlie  rapid 
oxidftiiou  of  tlie  combu.-^tible  gji**  occurs,  it  is  at  once  exiiiignished.  Upon 
this  depoiid.^  the  principle  of  Sir  IL  Davy's  inviilunbte  safety-himp. 

Mf'tition  has  already  been  miide  of  tlie  fretjuent  disengagemenl  of  great 
qunntities  of  light   enrbonetted    hy<lrogen   gns    tn   coal-minei^.      This  gas, 

ixod  with  dovcn   or  eight   times  its   voliim**  of  atmospheric  air,  hecnmei 

ighly  explosive,  taking  fire  at  a  light  and  burning  with  a  pale-bhie  tlume; 
and  imxny  fearful  accidents  have  occurred  from  the  ignition  of  large  4r|uan- 
titled  of  mixed  gn*  un^l  nir  occupying  the  extensive  galleries  and  ivorkinga 
of  a  mine.  Sir  I!.  Davy  undertook  nn  iiive>*tigjiiion  with  a  view  to  discover 
aoina  remedy  for  this  constuntly  occurring  cobiioity  ;  his  lubctrs  ref^ultinl  in 
toma  eiceedingly  important  discoveries^  respecting  flame,  whkU  Wd  Vo  vVv^ 
const r<ic5/m/»  <ffthe  lamp  nhivh  bvam  hh  name, 

'A^  ff,^  •rtJit^*  an  ii«».bamen  tad  Farmer  In  WaH^u  «  Dictionary  of  Cb«mU^  ^  VV.I^l* 
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When  two  Teasels  filled  with  a  gan^oufl  explosive  mixture  ute  conuccle^ 
by  ft  narrow  tube,  and  ihe  cootenrs  of  one  fired  bv  »htj  electric  bpiirk,  or 
otbtTwii^e,  the  fianie  in  not  coiumyuicutcil  lo  the  other,  provided  the  diMRieter 
of  ihe  tube,  its  length,  and  the  comlucttug  power  tor  bent  of  its  materiHl, 
bear  u  certain  proptiriioo  lo  each  other;  the  flume  is  extinguished  hy  cool- 
ing, tind  itjj  trtiiismissioti  rendered  iinpossible. 

la  thiij  experiment,  bigh  conducting  power  and  iliminisbed  difti&et4>r 
oompenBale  for  dimiuutiou  in  length;  and  to  srieh  nn  eitent  ciin  Ibis  be 
onrriedf  that  metallic  gauze,  whieb  amy  be  looked  upon  as  a  Berie»  of  very 
abort  square  tubes  arranged  Hide  hy  mdn^  when  of  i!iufllcient  degree  of  fine- 
ness, arreals  in  the  moi^t  complete  nuanner  the  pat^aagc  of  llauie  lu  explosive 
mixlureB  depending  upon  the  inflamnmbility  of  the  giia.  Now  ihe  ftre-damp 
mixture  ha»  tin  exceedingly  bigh  kindling-point:  a  red  beat  does  not  caui^e 
inflammsition  ;  consequentl3\  the  gauste  will  be  *afe  lor  ihis  substance,  when 
flntne  would  pa^s  in  almost  anjf  other  case. 

The  tuitier's  safetj  lump  ia  merely  an  ordinarj  oil4»iiip»  tb«  flame  of 
which  h  enclosed  in  a  cage  of  wire-gauze,  made  double  at  tbe  upper  part, 
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containing  about  400  apertuTeB  to  the  square  inch.     The  tube  for  itupplying 

oil  lo  I  he  reservoir  reaches  nefirlj  to  the  bottom  of  the  lutter,  while  the 

wick  admits  of  being  trimmed  bv  a  brnl  wire  pjitssiug  with  frietion  througli 

A  small  tube  in  the  hody  of  the  lamp  ;  the  flame  can  lluis  be  krpt  burning  for 

any  length  of  time,  without  the  tiecei*.'*ii)'  of  uiis^crcwing  the  cage.    When  ihia 

lamp  is  taken  info  an  exploRive  atmosphere,  although  the  tire'dTimp  may  burn 

wtthiu  the  cage  with  such   energy  as  sometinie,*^  to  heal  the  metal  tic  lifiwue 

to  dull  rednefts,  the  fiame  is  not  cotnmunieTited  tr^  the  miiittre  on  the  oult^ide. 

These  effects  may  be  conveniently  studied  hy  ?«iiipending  the  lamp  in  a 

large  glap»  jar,  and  grndually  ndniitling  eoal-gan  beloW.     The  oibflame  is 

At  first   elongated,  and  theti,  as  I  be  proportion  of  gas   increases,  extin- 

grtihbed,  whih  the  interior  of  the  game  cylinder  becomes  filled  with  the 

burning  mixture  of  gas  and  air.     As  tbc  atu^osTpViete  \i^<:v>tt\c?i  ^^wrcr,  tbc 

WJcJc  is  OUC&  more  relighted.     These  appcartmcca  a.it  &o  tt\iiiivSs.«i\i\ft  ^i\l  ' 
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be  Iftmp  becomes  an  Admirable  indicAtor  of  the  state  of  the  air  in  differeui 
iria  of  tliL*  iiiiiitf.* 

The  ftAQie  great  principle  ban  been  itigenioui^ly  ftpf^llvc^  by  Mr.  nommin^ 
I  I  lie  construe  lion  of  tbe  ojiv*hydi'ogen  ^ufLMy-jet  btifort;  ou'iitioiietl.  This 
I  ft  Ittbi3  of  bras!f  at)oiit  four  itiebf^s  long.  fillt;d  wiiti  stniigbi  pieces  of  jJlno 
I  wire,  tbe  wbolc  btiiig  tighily  wedged  (ogetber  by  a  pointi'd  rod,  ft*r- 
j4r'%wen  Inio  tb«  ceuir*'  of  ilie  bundle,  (fig  i'dl.)  Tlie  iirrangeiiicnl  ibus 
pnf»ctits  a  neries  of  njctallic  tubes,  very  long  in  proportiuu  lo  tbeir  diam- 
eter, the  cooling  powers  of  wbicb  arc  so  great  nn  to  prevt?ut  the  po«4sibility 
'  thr  pAj«!«afce  of  fl:iine,  even  with  oxygon  nnd  hydrogen.  The  jel  nmy  bo 
ied.  ns  before  mentioned^  wilh  a  common  binilder,  wirhont  a  cbAnce  of 
Kplosion.  Tbe  ttin  lamentnl  fuct  of  fimw  bidng  extinguished  by  eoninct 
Vilh  a  cold  bmly,  nmy  be  elegantly  shown  by  twilling  a  copper  wire  into  a, 
fturi  apirnl,  about  (Jl  inch  in  diani<^ter.  and  then  pjis?^ing  it  coid  over  the 
line  of  A  wax  cundle;  the  laHer  is  pxtingni-lied.  If  the  spiral  be  now 
ratf'd  to  redness  by  a  Hpirit-lanip,  and  the  experiment  repeated,  no  euch 
Teei  follows. 


CKLOEIKE. 

This  nubsitance  is  a  member  of  a  very  important  natnnil  group,  eontiuning 
no  io<line,  bromine,  and  tftiurtne.  80  greui  a  difrree  of  rcisemblanee  exists 
eiwet^n  these  bodies  in  all  ilieir  ehemieal  reluiiou.'^,  eflpecially  between 
blorine,  bromine,  and  iodine,  lluti  lbi>  lii^tory  of  one  wiU  almost  ti«rVt, 
rhh  a  few  little  alteratioofl,  for  that  of  (be  re«t. 

Chlorine  I  is  a  very  abundant  subslaiiec:  in  comnion  salt  it  exiatai  in  com- 

atioQ  with   »odiuui.     It  i:*  niot«t  easily  pri^p^ired  by  pouring  ntrong  hy- 

ruchlorie  ooid  npon  tinely  powdered  bltick  oxide  of  mangant»»o  contained 

I  retort  or  fla^k,  and  npplying  a  gentle   beat;  a  heavy  ytdlow  ga«  iw  dis- 

B|^ged«  which  \»  the  suh^^hinec  in  «|iK':Htion, 

~       ay  be  collccte<l  over  wunn  waicr,  or  by  displacement;   the  mercurial 
I  cannot  be  employed,  aa  the  chlorine  rapidly  aota  upon  the  metal,  and 
«  absorbed. 

'  Ttie  reaction  is  very  easily  explained,  TTydroehloric  acid  iji  a  compound 
^  chlorine  and  hydrogi-n:  when  this  is  mixed  with  a  tnistnllic  monoxide. 
ionbte  interchange  of  elements  takes  place,  water  and  chloride  of  tbe  metal 
being  produced*  But  when  some  of  the  dioiitlfM  are  snbjiitituted,  an  addi- 
tional «lfeot  ensues  —  namely,  the  decomposition  of  a  second  portion  of 
hydrochloric  acid  by  the  oxygen  in  excess,  the  hydrogen  of  which  is  wiLk- 
drawn  and  the  chlorine  set  free. 


•I 


Hydrochloric  f  Obb»rino^ — 
Bcid  \  Hydrogen 

D3iygen 
.NfungaoeM 
^  Oxygen 
Hydroohlorie  J  Chlorine 
aoid  (  Hydrogen 


Manganecc 
dioxido. 


Cblorinflw 
Water. 

Manganese  Chloride* 


Watcr.^ 


•  Tt«N  i«  ttn'  rn».. 


"f  I  Hi'    tiiMiti'-^  tijtmolv.  i* 


,.Juj., 


Twrmit  tho  vlfWiT  or  iiirip4'rlnt«>ndr'nt.  with- 
su  <«ViTy  ]Mirl  *if  ihcMniiir':  tiut  to  utmbl* 
ImbitutiUy  expliHivc,  wiiii  ti  inu<t  Im^  unl^t 
:    :  .  y  tie  hIow  to  ii}i|KNir.    Owat^m  orc4]a]-mln(<« 
akiuju  lutmun  uf  veatilMlJoii,  i»r  to  eUiM  workit^ft  uf  tliia 


llowfpli.grtM'D,  i\w  rmm#  givtfti  to  it  hr  Sir  H.  Bavv. 
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Chlorine  was  discovered  by  Scheele  in  1774,  but  its  nature  was  long  mis- 
understood.    It  is  a  3'ellow  gaseous  body,  of  intolerably  suffocating  proper- 
ties, producing  very  violent  cough  and  irritation  when  inhaled  even  in  ex- 
ceedingly small  quantity.     It  is  soluble  to  a  considerable  extent  in  water, 
that  liquid  absorbing  at  16*5^  (60°  F.),  about  twice  its 
volume,  and  acquiring  the  color  and  odor  of  the  gas. 
IVhen  this  solution  is  exposed  to  light,  it  is  slowly 
changed,  by  decomposition  of  water,  into  hydrochloric 
acid,  the   oxygen  being  at  the  same  time  liberated. 
Yihcn  moist  chlorine  gas  is  exposed  to  a  eold  of  0**, 
yellow  crystals  are  formed,  which  consist  of  a  definite 
compound  of  chlorine  and  water,  oontaining  85*6  parts 
of  the  former  to  90  of  the  latter. 

Chlorine  has  a  specific  gravity  of  2*47;  a  litre  of  it 
weighs  8*17844  grams;  exposed  to  a  pressure  of  about 
four  atmospheres,  it  condenses  to  a  yellow  limpid  liquid. 
Chlorine  has  but  little  attraction  for  oxygen,  its  chem- 
ical energies  being  principally  exerted  towards  hydro- 
gen and  the  metals.  A  lighted  taper  plunged  into  the 
gas,  continues  to  bum  with  a  dull-red  light,  and  emits 
a  large  quantity  of  smoke,  the  hydrogen  of  the  wax 
being  alone  consumed,  and  the  carbon  separated.  If  a 
piece  of  paper  be  wetted  with  oil  of  turpentine,  and 
thrust  into  a  bottle  filled  with  chlorine,  the  chemical 
action  of  the  latter  upon  the  hydrogen  is  so  violent  as 
to  cause  inflammation,  accompanied  by  a  copious  deposit 
of  soot.  Although  chlorine  can,  by  indirect  means,  be 
made  to  combine  with  carbon,  yet  this  never  occurs 
under  the  circumstances  described. 
Phosphorus  takes  fire  spontaneously  in  chlorine,  burning  with  a  pale  and 
feebly  luminous  flume.  Several  of  the  metals,  as  copper  leaf,  powdered 
antimony,  and  arsenic,  undergo  combustion  in  the  same  manner.  A  mix- 
ture of  equal  measures  of  chlorine  and  hydrogen  explodes  with  violence  on 
the  passage  of  an  electric  spark,  or  on  the  application  of  a  lighted  taper, 
hydrochloric  acid  gas  being  formed.  Such  a  mixture  may  be  retained  in 
the  dark  for  any  length  of  time  without  change:  exposed  to  diffuse  day- 
light, the  two  gases  slowly  unite,  while  the  direct  rays  of  the  sun  induce 
instantaneous  explosion. 

The  most  characterintic  property  of  chlorine  is  its  bleaching  power;  the 
most  stable  organic  coloring  principles  are  instantly  decomposed  and  de- 
stroyed by  this  remarkable  agent:  indigo,  for  example,  which  resists  the 
action  of  strong  oil  of  vitriol,  is  converted  by  chlorine  into  a  brownish  sub- 
stance, to  which  the  blue  color  cannot  be  restored.  The  presence  of  water 
is  essential  to  these  changes,  for  the  gas  in  a  state  of  perfect  dryness  is 
incapable  even  of  affecting  litmus. 

Chlorine  is  largely  used  in  the  arts  for  bleaching  linen  and  cotton  goods, 
rags  for  the  manufacture  of  paper,  &c.  For  these  purposes,  it  is  employed, 
sometimes  in  the  state  of  gas,  sometimes  in  that  of  solution  in  water,  but 
more  frequently  in  combination  with  lime,  forming  the  substance  called 
bleaching-powder.  When  required  in  large  quantities,  it  is  often  made  by 
pouring  slightly  diluted  oil  of  vitriol  upon  a  mixture  of  common  salt  and 
manganese  oxide  contained  in  a  large  leaden  vcsseL  The  decomposition 
which  ensues  may  bo  thus  represented : 
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chloride       ( Sudium 
6al|>ti*  oxide- 

dioxide,       1  MaujiKno*o 
Snlph.  ox]dc% 


-Chlonne. 

Sodium  fluIphaU}. 


Chlorine  b  one  of  the  best  and  most  polciii  snb^t Alices  that  ctin  be  used 
for  I  be  purpo;«e  of  disinfection,  biil  its  employaient  r«jqnir«8  cjire.  Bleach- 
lii(Br-pawder  mixed  wilh  water,  tiud  expos^i^d  io  the  air  in  Bbullow'  vej>sel», 
^  lowly  deooinpo&eii  by  the  citrbonie  aeid  of  the  utinoHphure.  and  the 

-  i'Tolved!  if  a  more  rapid  disenpftgeineiu  bo  wj!*beil,  n  little  neid 
V  .  .,;,,  „.a<l  may  be  iidiled.  In  the  absence  of  bleach  in  g-pnivder,  either  of 
ili«  roetbodM  for  the  prudncridu  of  the  gas  deBcribed  may  be  had  rceonrso 
to,  ftlwftjra  tJikiiig  care  to  avoid  an  exceHiD  of  acid. 

HTVKOaiEirCaLORiDE;  HTDBoruLoiii€»  riri,oniiYPRic,  ouMrntATtc  Ann. — 
This  substance,  in  a  ^ttato  of  f^olntion  ini  wjitcT^  hnn  been  lon^  knuwri.  The 
gmt  b  prepared  with  the  utnioiit  ea^e  by  hentini;  in  a  tlask  tilled  ivith  a 
iOOrk  and  bent  tube,  a  mixture  of  eonmi on  Aa.ll  und  m\  of  vitriol  dihited  wilh 
ft  VDaU  qinintily  of  water;  it  mii«f  be  eollected  by  dii*placeiiieni.  or  over 
ncPOUry.  It  is  a  colorlens  gas,  which  fumes  strongly  in  the  air  frooi  enii- 
dABsibg  Uie  atmospheric  moLninre;  it  has  an  acid,  ^itflTaeating  udur.  but  is 
MiiOh  leM  offODStvo  tbtku  ehloritie.  ExpoHcd  to  a  pressure  of  411  nlmii^pherca, 
it  lic|uc6cii. 

Uydrochbiric  acid  gas  has  a  denaity  of  l*20fl  oompared  with  air,  or  IB'25 
eoiupared  with  liydrogen  aa  nrnty.  It  isr  excepdingly  «<oliib!e  in  water,  that 
liquid  taking  up  at  the  temperature  of  the  uir  about  418  times  its  bulk. 
The  ga*  and  solution  are  powerfully  acid. 

The  action  of  oil  of  Titriol  on  commoo  salt,  or  any  analogous  substance, 
is  thus  easily  explained:  f 


Bodium  chloride 


Sulphuric  aoid 


f  Chlorine 
\  Sudinm 
HydrogCD 


ITydrooblorio 
acid. 


Sodium  sulphate. 


The  composition  of  thi»  substance  may  be  determined  by  nynthesiw :  when 

K  mt^ji-sure  of  chlorine  anfl  a  meiiHure  of  hydrogen  are  tired  by  the  electric 

I       I;,  two  mea^urCH  of  hydrochluric  aeid  gas  result,  the  eombiriiiiiou  being 

Nil  HI  ended  by  chmnge   of   volume.     By   weight   it  contains  35-5  parts  of 

chlurine  and  1  part  of  hydrogen. 

Solution  of  hydrochloric  acid,  the  liquid  acid  of  commerce,  is  a  very  im- 
portant preparation,  aud  of  exlcnHive  umc  in  chemical  pursuits:  it  i»  best 
prepared  by  the  following  arriingement :  — 

A  large  glo^sa  flask,  containing  a  cinnntity  of  common  salt,  is  fitted  with  a 
cnrk  and  bent  lube,  in  ibc  maimer  represented  in  fig,  132:  this  tube  passes 
tftrnugb  and  below  a  second  shori  tube  into  a  wide-necked  bottle,  containing 
ft  little  water,  into  which  the  open  tube  dips.  A  bent  tube  in  adapted  to 
another  hole  In  the  cork  of  the  wasli-bottle,  so  as  to  convey  the  purified  gas 


^     flc^i^      =      ma      + 


Bnclium 
fiilpb*lu. 

Sndlnm 
unlphat*. 


MAngDiUKiiii* 
jrolpUaie. 
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into  a  quantity  of  distilled  water,  by  which  it  is  instantly  absorbed:  the 
joints  are  made  air-tight  by  melting  a  little  yellow  wax  orer  the  eorka. 

A  quantity  of  oil  of  vitriol,  about  equal  in  weight  to  the  salt,  is  then  slowly 
introduced  by  the  funnel;  the  disengaged  gas  is  at  first  wholly  absorbed  by 
the  water  in  the  wash-bottle,  but  when  this  becomes  saturated,  it  passes 
into  the  second  vessel  and  there  dissolves.  When  all  the  acid  has  been 
added,  heat  may  be  applied  to  the  flask  by  a  charcoal  chauffer,  nntil  its 
contents  appear  nearly  dry,  and  the  evolution  of  gas  almost  ceases,  when  the 
process  may  be  stopped.  As  much  heat  is  given  out  during  the  condensa- 
tion of  the  gas,  it  is  necessary  to  surround  the  condensing  yessel  with  cold 
water. 


The  simple  wash-bottle,  shown  in  the  last  figure,  will  be  found  an  ex- 
ceedingly useful  contrivance  in  a  great  number  of  chemical  operations.  It 
serves  in  the  present,  and  in  many  similar  cases,  to  retain  any  liquid  or 
solid  matter  mechanically  carried  over  with  the  gas,  and  it  may  be  always 
employed  when  a  gas  of  any  kind  is  to  be  passed  through  an  alkaline  or 
other  solution.  The  open  tube  dipping  into  the  Uquid  prevents  the  pos- 
sibility of  absorption,  by  which  a  partial  vacuum  would  be  occasioned,  and 
.      the  liquid  of  the  second  vessel  lost  by  being  driven  into  the  first. 

The  arrangement  by  which  the  acid  is  introduced  also  deserves  amoment  s 

notice.     The  tube  is  bent  twice  upon  itself,  and  a  bulb  blown  in  one  PO''t»on  •* 

the  liquid  poured  into  the  funnel  rises  upon  the  opposite  side  of  **ie  fif'S^ 

bend  until  it  reaches  the  second ;  it  then  flows  over  and  runs  into  the  flask. 

Anj'  quaDtity  can  then  be  got  into  the  latter  without  the  introduction  of  air, 

and  without  the  escape  of  gas  from  the  interior.    The  ftinnel  acts  also  as 

a  kind  of  safety-v&We,  and  in  both  dixecUoua;  tox  \^  M  ^^^  ^W^i^  the 

deJIrerjr-tube  ahoald  be  stopped,  and  iht  iw^t  ot  t^^  ^T«H«iiVfe^,  w^  vsx:- 
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L  fliU^ie  force  soon  drives  the  tiUle  cohiipn  of  Viquhl  out  of  the  tube, 
ibi#  g^s  68Cftpca,  and  tbe  vt*s»cl  la  i»avtMl.     On  lUe  otlier  batid,  any  ab»orp* 
lioo  %ritliin  i^  quickly  oonipeasAied  by  the  eotraucc  of  air  through 
the  liquid  in  the  Imlb.  ^^ff-  ^^ 

The  plan  eaiploytMj  on  the  large  scale  by  the  manufacturer  is  the 
•ftme  id  principle  as  thut  described;  ho  rxiert'ly  dub>stilute^  a  large 
irou  cylinder,  or  apparaiua  made  of  lead»  for  the  flask,  and  vessels 
of  stone  ware  ftir  thot^e  of  glass. 

Od  di«tiUing  an  aqueous  solution  of  bydrocblorio  acid,  an  acid 
is  produced  boiling  at.  110^  {2^0°  F.)  which  contaiUB  20-22  per  cent. 
of  anhydrou!*  hydrochloric  acid:  a  more  concentrated  solution 
when  heated  gives  off  hydrochloric  acid  gaa;  a  weaker  soluiioii 
loaea  waten  Roscoo  and  Dittmar  have  proved  thiit  (he  composition 
of  the  distillate  Taries  with  the  atiiiuj»phcric  pressure;  it  cannot, 
therefore,  be  viewed  n^  a  chemical  compound. 

Pure  solution  of  hydrochloric  acid  is  transparent  and  colorlesp: 
wlieu  strong,  it  fumes  in  the  air  by  evolving  a  lilile  gas.  It  Itravcs 
no  residue  on  evaporation,  and  gives  no  precipitate  or  opacity  wilb 
diluttd  aoluiion  of  barium  chloride.  When  salurated  wiih  the  gns, 
it  has  a  apeoifio  gravity  of  1*2 1,  and  contains  ulioui  42  per  cent,  of 
real  acid.  The  commercial  acid,  which  is  obtained  in  iii»meu)^e 
quantity  as  a  secondary  product  in  the  mauufiicture  of  sodium  sulphate  by 
the  action  of  sulphuric  acid  upon  common  Halt,  has  usually  a  yellow  color, 
And  is  very  Impure,  containing  salts,  £iinl]ilmric  acid,  chloride  of  iron,  ami 
organic  matter.  It  may  be  rendereiJ  sufficiently'  pure  for  most  purposes  by 
diluting  it  to  the  density  of  1*1,  which  happens  when  the  strong  acid  is 
mixed  with  its  own  bulk  or  rather  less  of  water,  and  then  distilling  it  in 
a  retort  furnished  with  a  Liebig's  condenser. 

A  mixture  of  nitric  and  hydrochloric  acids  has  long  been  known  under 
the  name  of  aqua  regia,  from  its  property  of  dissolving  gold.  When  thcf^e 
two  lubstances  are  hentoiil  together,  tbey  both  undergo  dcconiposiiMont  nitro- 
gen tetroxide  and  chlorine  being  evolved.  This,  at  least,  appears  to  be  the 
final  resuU  of  the  action:  at  a  certain  stage,  however,  two  peculiar  suV 
BtADces,  consisting  of  nitrogen,  oxygen,  and  chlorine  (chloronitrio  acid  gas* 
and  chloronttrous  gas  t)i  i>>PP<^iii'  t^o  be  formed.  It  b  only  the  chlorine  which 
nttacks  the  metal 

The  presence  of  hydrochloric  acid,  or  any  other  soluble  chloride,  is  easily 
detected  by  solution  of  silver  nitrate.  A  white  curdy  precipitate  is  pro- 
duced, insoluble  in  nitric  acid,  freely  soluble  in  ammonia,  and  subject  to 
blacken  by  exposure  to  light, 

Oxidet  and  Oxacid*  of  Chlorint. 

There  ar«  four  oxacids  of  chlorine,  which  may  be  regarded  ma  oxidea  of 
kjrdrochlorio  acid ;  thus : 

Compoiitioa  hy  woi8ht4 
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The  anhydrous  chlorine  oxides  corresponding  to  hjpochlorous  and  chlorous 
acids  are  known,  namely:  *  — 

Chlorine.        CUorio*.       Dzjgen. 
Chlorine  monoxide,  or  Hypochlorous  oxide  .     .     85*5     4"     ^'^     4~     ^^ 
Chlorine  trioxide,  or  Chlorous  oxide      ....  85*5     -)-     85*5     -j-    48 

Also  an  oxide  to  which  there  is  no  corresponding  acid,  namely :  — 

Chlorine.  Oxygen. 

Chlorine  tetroxide        .        .        .        .        2  x  85*5    -f-    64 

The  oxides  corresponding  to  chloric  and  perchloric  acid  have  not  been  ob- 
tained. 

Hypochlorous  and  chloric  acids  are  produced  by  the  action  of  chlorine  on 
certain  metallic  oxides  in  presence  of  water ;  hypochlorous  and  chlorous 
acids  also  by  direct  oxidation  of  hydrochloric  acid.  Perchloric  acid  and 
chlorine  tetroxide  result  from  the  decomposition  of  chloric  acid. 

Hypochlorous  Oxide,  Acid,  and  Salts.  —  The  oxide  is  best  prepared  by 
the  action  of  chlorine  gas  upon  dry  mercuric  oxide.  This  oxide,  prepared 
by  precipitation,  and  dried  by  exposure  to  a  strong  heat,  is  introduced  into 
a  glass  tube  kept  cool  and  well  washed,  dry  chlorine  gas  is  slowly  passed 
over  it.  Mercuric  chloride  and  hypochlorous  oxide  are  thereby  formed ; 
the  latter  is  collected  by  displacement.  The  reaction  by  which  it  is  pro- 
duced may  be  thus  illustrated : 

Chlorine  ^_^^^_^^   Hypochlorous  oxide. 

Mercuric  f  Mercury  ^.^ — " 

oxide  \  Oxygen    -^-^ ..^^^^ 

Chlorine —       "^"^  Mercuric  chloride,  f 

The  mercuric  chloride,  however,  does  not  remain  as  such ;  it  combines 
with  another  portion  of  the  oxide  when  the  latter  is  in  excess,  forming  a 
peculiar  brown  compound,  an  oxychloride  of  mercury.  It  is  remarkable 
that  the  crystalline  mercuric  oxide  prepared  by  calcining  the  nitrate,  or  by 
the  direct  oxidation  of  the  metal,  is  scarcely  acted  upon  by  chlorine  under 
the  circumstances  described. 

Hypochlorous  oxide  is  a  pale-yellow  gaseous  body,  containing,  in  erery 
two  measures,  two  measures  of  chlorine  and  one  of  oxygen,  and  is  there- 
fore analogous  in  constitution  to  water.  It  explodes,  although  with  no 
great  violence,  by  slight  elevation  of  temperature.  Its  odor  is  peculiar, 
and  quite  diflferent  from  that  of  chlorine.  When  the  flask  or  bottle  in 
which  the  gas  is  received  is  exposed  to  artificial  cold  by  the  aid  of  a  mix- 
ture of  ice  and  salt,  the  hypochlorous  oxide  condenses  to  a  deep-red  liquid, 
slowly  soluble  in  water,  and  very  subject  to  explosion. { 

Hypochlorous  add  is  produced  by  the  solution  of  hypochlorous  oxide  in 
water ;  also  by  passing  air  saturated  with  hydrochloric  acid  gas  through  a 
solution  of  potassium  permanganate  acidulated  with  hydrochloric  acid  and 
heated  in  a  water  bath :  the  distillate  is  a  solution  of  hypochlorous  acid, 
formed  by  oxidation  of  the  hydrochloric  acid ;  thirdly,  by  decomposing  a 
metallic  hypochlorite  with  sulphuric  acid  or  other  oxacid ;  fourthly,  by 
passing  chlorine  gas  into  water  holding  in  suspension  a  solution  containing 
metallic  oxides,  hydrates,  carbonates,  sulphates,  phosphates,  &c.,  the  most 

•  Chlorine  monoxide  or  Hypochlorous  oxide         ....        CIjO 

Chlorine  trioxide  or  Chlorous  oxide ("I^Os 

Chlorine  tetroxide CIJO4. 

f2ngo        +        ci^     =      Hcaj-Hf^o        +        ci^o 

Men-nric  Chlorine.  Men-uric  Hypochloroiu 

oxide.  oxycU\oTid%.  ovAa. 

tPelouze  Ann.  Cbim.  Phyi.  [3],  vU.  112. 
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fTAfitai^eous  for  the  purpose  being  mercuric  <»xido,  or  oalcmm  earbonftte 
[(ehfilk).* 

b  The  fti^ucoua  solution  of  hypochloroua  acid  bus  ayellowiah  color,  an  acid 
LlMie.  an^i  a  characteristic  sweetish  fiiiielU  The  strong  acid  dvcouiposea 
dly  eren  when  kept  in  ice.  The  dilute  acid  la  more  stable,  but  ia  de- 
poised  by  long  boiling  into  chloric  acid,  water,  chlorine,  and  oxygen. 
^  lirochloric  acid  decomposes  it,  with  fortualion  of  chlorinc.f  It  is  & 
r^ery  powerf«il  bleaching  and  oxidizing  ageut,  cotivertiag  inatiy  of  the  ele- 
|Vieni«  —  io'line,  selenium,  and  aracnic,  for  example  —  into  their  highest 
I  oxides,  and  at  the  ^aiue  time  liberating  chlorine. 

Mf  till  he  hi/ ftochlo  rites  may  be  ob  la  j  nod  in  the  pure  state  by  neutralising 
tiiypochloroua  acid  with  raetullio  hydrate^,  such  as  those  of  sodium,  cnl- 
Dium,  copper,  v^o. ;  but.  Ihey  are  usually  prepared  by  paai^ing  ehiurine  gas 
[tnto  solutions  of  ulkalies  or  alkHlltie  carbonaiCH,  or  over  the  dry  h>drat«« 
[of  the  carth-mHah — dry  slaked  lime,  for  example.  In  Ihia  procesa  « 
[metallic  chloride  is  formed  at  the  same  lime,  J  The  salts  thus  «*btained 
Lconstitute  the  bleaching  uud  disinfecting  snlts  of  commerce.  They  will  be 
Linore  fully  described  under  the  bead  of  calcium  salts. 

CBLORom  Okide,  Acid,  amd  Salts.  —  Tbe  oxide  is  prepared  by  heating 
[In  «  flask  filled  to  the  neck,  a  mixture  of  4  parts  of  potassium  chlorale 
Vmnd  3  parts  of  ar»eniuiH  acid,  or  oxide^  with  ll!  parts  of  nitric  acid  pre- 
I  vioualy  diluted  with  4  parts  of  water.  During  the  operation*  which  must 
[be  performed  in  a  watcr-bitlh,  a  greenish-yellow  gas  is  evolved*  which  is 
^permanent  in  a  freezing  mixture  of  ice  and  salt,  but  lifjucfiable  by  extreme 
[eold.  It  dissolves  freely,  in  water  and  in  alkaline  folulions,  forming 
I  chlorous  acid  and  metallic  chlorites.  The  reaction  by  which  chlurous 
[oxide  is  formed  is  somexrhat  complicated.  The  araenious  acid  deprives 
[  ibe  nitric  acid  of  part  of  its  oxygen,  reducing  it  to  nitrous  acid,  whicb  is 
I  ili«a  reoxidized  at  the  expense  of  the  chloric  acid,  reducing  It  to  chlorous 
[  oxide*  j 

Chktrout  Aeidmiij  be  prepared  by  condensing  chlorous  oxide  in  water^ 
for  by  decomposing  a  metallic  chlorite  with  dilute  sulphuric  or  phosphoric 
)  acid-  lis  concentrated  solution  is  a  grecuish-yellow  liquid  having  strong 
'  ble«ohing  and  oxidising  properties.  It  does  not  decompose  carbouatea, 
1  but  acta  strongly  with  caustic  alkalies  and  earths  to  form  chloritea. 

Cbi*0Rikb  TiTRoxiDB.  — When  potassium  oblora(4S  is  made  into  a  paste 
rith  coocent rated  sulphuric  acid*  and  cooled,  and  this  pasle  is  very  cau- 
tiously heated  by  warm  %vater  in  a  small  glass  relort,  a  decp-yellow  gas  is 
ovolveii,  which  is  the  body  in  questlou;  it  can  be  coUeclcd  only  by  dia- 
placemeat,  since  mercury  decomposes  and  wat(<r  nbsorbs  it. 

Chlorine  tetroxide  has  a  powerful  odor,  quite  different  from  thai  of  the 
preceding  compounds^  and  of  chlorine  itaelf.  It  is  exceedingly  explosive, 
being  resolved  with  violence  into  its  elements  by  a  temperature  short  of 
the  boiling-point  of  water,  lis  preparation  is^  therefore,  always  attended 
with  danger^  and  should  be  performed  only  on  a  sraall  scale.  It  is  com- 
*  by  measure  of  one  volume  of  chlorine  and  two  tolumea  of  oxygen, 
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condensed  into  two  rolumes.*  It  may  be  liquefied  by  cold.  The  solution 
of  the  gas  in  water  bleaches. 

The  euchlorine  of  Davy,  prepared  by  gently  heating  pota«8ium  chlorate 
with  dilute  hydrochloric  acid,  is  probably  a  mixture  of  chlorous  acid  and 
free  chlorine. 

The  production  of  chlorine  tetroxide  from  potassium  chlorate  and  sul- 
phuric acid  depends  upon  the  spontaneous  splitting  of  the  chloric  acid  into 
chlorine  tetroxide  and  perchloric  acid,  which  latter  remains  as  a  potas- 
sium salt.f 

When  a  mixture  of  potassium  chlorate  and  sugar  is  touched  with  a 
drop  of  oil  of  vitriol,  it  is  instantly  set  on  fire,  the  chlorine  tetroxide 
disengaged  being  decomposed  by  the  combustible  substance  with  such 
violence  as  to  cause  inflammation.  If  crystals  of  potassium  chlorate  be 
thrown  into  a  glass  of  water,  a  few  small  fragments  of  phosphorus  added, 
and  then  oil  of  vitriol  poured  down  a  narrow  funnel  reaching  to  the  bot- 
tom of  the  glass,  the  phosphorus  will  burn  beneath  the  surface  of  the 
water,  by  the  assistance  of  the  oxygen  of  the  chlorine  tetroxide  disen- 
gaged. The  liquid  at  the  same  time  becomes  yellow,  and  acquires  the 
odor  of  that  gas. 

Chloric  Acid.  — This  is  the  most  important  compound  of  the  series.  When 
chlorine  is  pattsed  to  saturation  into  a  moderately  strong  hot  solution  of 
potassium  hydrate  or  carbonate,  and  the  liquid  concentrated  by  evaporation, 
it  yields,  on  cooling,  fiat  tabular  crystals  of  a  colorless  salt,  consisting  of 
potassium  chlorate.     The  mother-liquor  contains  potassium  chloride. { 

From  potassium  chlorate,  chloric  acid  may  be  obtained  by  boiling  the 
salt  with  a  solution  of  hydrofiuosilicic  acid,  which  forms  an  almost  insoluble 
potassium  salt,  decanting  the  clear  liquid,  and  digesting  it  with  a  little  silica, 
which  removes  the  excess  of  the  hydrofluosilicic  acid.  Filtration  through 
paper  must  be  avoided. 

By  cautious  evaporation,  the  acid  may  be  so  far  concentrated  as  to  assume 
a  sirupy  consistence;  it  is  then  very  easily  decomposed.  It  sometimes  sets 
fire  to  paper,  or  other  dry  organic  matter,  in  consequence  of  the  facility 
with  which  it  is  deoxidized  by  combustible  bodies. 

The  chlorates  are  easily  recognized;  they  give  no  precipitate  when  in 
solution  with  silver  nitrate;  they  evolve  pure  oxygen  when  heated,  passing 
thereby  into  chlorides;  and  they  aff'ord,  when  treated  with  sulphuric  acid, 
the  characteristic  explosive  yellow  gas  already  described.  The  dilute  solu- 
tion of  the  acid  has  no  bleaching  power. 

PERcuLonic  Acid.  —  When  powdered  potassium  chlorate  is  thrown  by 
small  portious  at  a  time  into  hot  nitric  acid,  a  change  takes  place  of  the  same 
description  as  that  which  happens  when  sulphuric  acid  is  used,  but  with  this 
important  difference:  that  the  chlorine  and  oxygen,  instead  of  being  evolved 
in  a  dangerous  state  of  combination,  are  emitted  in  a  state  of  mixture.  The 
result  of  the  reaction  is  a  mixture  of  potassium  nitrate  and  perchlorate, 
which  may  be  readily  separated  by  their  difi'erence  of  solubility. 

Perchloric  acid  is  obtained  by  distilling  potassium  perchlorate  with  sul- 
phuric acid.  Pure  perchloric  acid  is  a  colorless  liquid,  of  1  -782  sp.  gr.  at 
15-5°  (60°  F.),  not  solidifying  at  —35°  (—31°  F.);  it  soon  becomes  colored 


•  Its  formula  is  CI2O4. 

t     6CI0:,K       +    '.1S04nj 
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cbloruto.              Hulphutc. 

=       2Cls04 
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trtroxide. 

+        2CIO4H        + 
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Fota^inm         Chlorine, 
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kept  in  the  dark,  ttn<l  afti?r  u  few  weeks  decomposes  witli  exp^losion. 
rapor  of  pei'ciiltfric  neid  iy  inmiJpJireiil  hiuI  colurlesia:  m  eijtitjicl  with 
Liiat  j*ir,  it  pro'lucca  dtfowe  white  liiiiios.  The  acid,  wJLieii  cauliouKly  titixt.'d 
ith  a  sniJill  f|iittnttiy  td  wiiter,  Holiditiv^  to  n  cryslulhna  imum.h,  whitdi  b  i% 
Ciiii|Mjut)d  of  percdiloric  acid  with  oiic  lutjloeulf  of  wutci**  WbcD  brouglit 
1  coDtmct  with  euiboti,  etJier,  ur  uther  urj^auic  *«nbdl«t*ce»,  per^liluric  acid 
tpli^des  with  nearly  as  much  viuleiice  aa  chloride  ol'  liiUog^a. 

CoMForrD  OF  CiitoiiiNS  A!f  D  NiTnofiEN.  — Whcn  aal-firaniomac  or  ammonia 
Lltrttt^  19  diR^^)Ived  in  waler,  aud  u  jar  of  tihloriiie  inverted  in  thif^  I'olulion^ 
be  gJM  is  ab^iorbed,  and  a  di*ep-yellww  oily  Hqui^l  [»  ob'^erved  In  cnllect  upon 
be  f^urfiicc  of  the  solution,  nltiiuately  ^^inking  in  globules  iu  (lie  botLum. 
thii*  is  uitrogen  chloride,  the  Hioj*t  dangcrou?<ly  explosive  i^ybsitance  known, 
^hc  roUowing  la  the  safest  method  of  condncting  the  experiment:  — 

omewhat  dilute;  and  tepid  Holuliun  uf  pure  t^al-iimmoniac  in  dii^tiltcd 
•  poured  into  a  clean  ba«in,  and  a  bottle  of  chlorine,  the  neck  of  which 
I  qtiitc  free  from  grease,  inverted  into  it.  A  »Lallow  and  luiavy  leaden  cup 
I  plac«fd  beneath  the  mouth  of  the  bottle  to  collect  the  prodnut.  When 
gh  has  been  obtained,  the  li^aden  vessel  may  be  withdrawn  vvilli  kd 
pus  contents,  the  chloride  remaining  covered  ^vith  a  stratum  of  water, 
ipr  shonld  protect  hin  face  with  a  ijtrong  wire-j^auzo  mask  when 
Bling  up»Ti  this  ?»ubstance, 
rige  may  bo  explained  by  the  following  diagram:^ 


blorin* 
bloriQc 


(  Nitrogen 
il-ammoniac  \   \  Hy drn^^en 

drocblorio  acid 


Nitrogen  chloride. 
Hydrochloric  acid. 


Hydrochloric  acid.f 


Nitrogen  chloride  is  very  volatile,  and  Its  vapor  is  exceedingly  irritating 

the  cycu.     It  has  a  specific  gravity  of  1G53,     It  may  be  distilled  at  7P 

JlfiO®  F.),  although  the  experitnent  la  attended  with  great  dunger.     Between 

S**  (200*'  Fr)  and  U^'t^  (22P  F.)  it  explodes  with  the  most  ftarfol  violcnco. 

C^onlact  with  almost  any  combustible  matter,  as  oil  or  fat  of  iiny  kind,  de- 

'frmiueH  lb©  explosion  at  common  temperatures  ^  a  ve<*sel  of  porcelHin,  glftj<8, 

'  even  of  caAl-iron.  is  broken  to  pieces,  and  the  leaden  cup  receives  a  deep 

tdcntation.     This  bo'ly  has  usually  been  supposed  lo  contain  nitrogen  and 

blorine  in  the   proportion  of  14  purta  of  the   former  to  lO'l-o  pari 8  of  the 

Jler,  but   recent   experiments  upon   the  corresponding  iodine  compound 

191)  induce  a  belief  that  it  eonlaina  hydrogen. | 

CKhomvm  Ayr*  CUnnoir,  —  Several  compounds  of  chlorine  and  carbon  are 
nown.j^  Th*y  arc  obtainerl  ludirccilj  by  the  action  of  chlorine  upon 
eriain  organic  compounds,  and  will  be  described  under  Uiganio  Chemistry* 


•  cm^H  +  on*. 

Anuuouiam        Ctik»rlt]« 

t  Inst<»d  of  SC\^  It  oMj  In  roaUty  bo  NUClj*  ^  tiUfil 
i  CyOl^  C^Q^  C^  ftud  CCI4. 


NCI,        +        4IIC1 
NUruptPn         HydiiN:liloric 
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BBOMIHE. 

BBOMunt*  was  discovered  by  Balard  in  1826.  It  is  found  in  sea-watert 
and  is  a  frequent  constituent  of  saline  springs,  chiefly  as  magnesium  bro- 
mide :  a  celebrated  sprine  of  the  kind  exists  near  Kreuinach  in  Prussia. 
Bromine  may  be  obtained  pure  by  the  following  process,  which  depends 
upon  the  fact  that  ether,  agitated  with  an  aqueous  solution  of  bromine, 
remoYcs  the  greater  part  of  that  substance. 

The  mother-liquor,  from  which  the  less  soluble  salts  baye  separated  by 
crystallization,  is  exposed  to  a  stream  of  chlorine,  and  then  shaken  up 
with  ether;  the  chlorine  decomposes  the  magnesium  bromide,  and  the 
ether  dissolves  the  bromine  thus  set  free.  On  standing,  the  ethereal  solu- 
tion, having  a  fine  red  color,  separates,  and  may  be  removed  by  a  funnel 
or  pipette.  Caustic  potash  is  then  added  in  excess,  and  heat  applied; 
potassium  bromide  and  bromate  are  formed.  The  solution  is  evaporated 
to  dryness,  and  the  saline  matter,  after  ignition  to  redness  to  decompose 
the  bromate,  is  heated  in  a  small  retort  with  manganese  dioxide  and  sul- 
phuric acid  diluted  with  a  little  water,  the  neck  of  the  retort  being 
plunged  into  cold  water.  The  bromine  volatilizes  in  the  form  of  a  deep- 
red  vapor,  which  condenses  into  drops  beneath  the  liquid. 

Bromine  is  at  common  temperatures  a  red  thin  liquid  of  an  exceedingly 
intense  color,  and  very  volatile;  it  freezes  at  about — 7®  (19^  F.),  and 
boils  at  63°  (148°  F.)  The  density  of  the  liquid  is  2-976,  and  that  of  the 
vapor  6-54  compared  with  air,  and  80  compared  with  hydrogen.  The 
odor  of  bromine  is  very  suffocating  and  offensive,  much  resembling  that 
of  iodine,  but  more  disagreeable.  It  is  slightly  soluble  in  water,  more 
freely  in  alcohol,  and  most  abundantly  in  ether.  The  aqueous  solution 
bleaches. 

Htpboqen  Bromide,  or  Htdbobromio  AciD.f — This  substance  bears 
the  closest  resemblance  to  hydriodic  acid:  it  has  the  same  constitution  by 
volume,  very  nearly  the  same  properties,  and  may  be  prepared  by  means 
exactly  similar,  substituting  the  one  body  for  the  other  (see  page  189). 
The  solution  of  hydrobromic  acid  has  also  the  power  of  dissolving  a  large 
quantity  of  bromine,  thereby  acquiring  a  red  tint.  Hydrobromic  acid 
contains  by  weight  80  parts  bromine  and  1  part  hydrogen. 

Bromig  Acid.  J  —  Caustic  alkalis  in  presence  of  bromine  undergo  the 
same  change  as  with  chlorine,  a  metallic  bromide  and  bromate  being  pro- 
duced ;  these  may  often  be  separated  by  the  inferior  solubility  of  the  lat- 
ter. Bromic  acid,  obtained  from  barium  bromate,  closely  resembles  chloric 
acid ;  it  is  easily  decomposed.  The  bromates,  when  heated,  lose  oxygen  and 
become  bromides. 

A  hypobromous  acid  corresponding  to  hypochlorous  acid  is  likewise 
known. 


lODIHE. 


This  element  was  first  noticed  in  1812  by  M.  Courtois,  of  Paris.  Minute 
traces  are  found  in  combination  with  sodium  or  potassium  in  sea-water, 
and  occasionally  a  much  larger  proportion  in  that  of  certain  mineral 
Bpr'iDgs.     It  seems  to  be  in  some  way  beneficial  to  many  marine  plants,  as 

♦  From  PpHfiost  a  noisomo  BmeW*.  n  "vwy  KVpto^xV^X^  \«tm. 
t  HBr.  X  BtOaH. 


lODIXE. 


189 


hiiTe  the  power  of  abstrflotinf^  it  from  the  9urroiin«iin|f  water, 

Lit  AccurnuUting  it  in   their  tisnu^^i^,      Ii  is  frmn  this  Hoiircci  that  all  the 

of  cotniQPrce  is  derivKd.      tt  \m*i  hilcly  btM^ii  found  in  luiiiiite  qimn- 

ifa  jiouic  aluEuinouB  fllales  of  Sweden,  and  in  acvernl  varielies  of  co»l 

!  turf. 

A>//»,  or  the  h»lf-vierificd  ftsUes  of  SPa-weeds.  prepiirod  by  the  inhnbi- 
ii'ttttttd  of  the  We^toni  I»!;ind9  and  the  norlhcvn  *'horu!i  of  Scolhm^l  and  fre- 
plftnd,  is  treated  with  water,  and  the  teoliuloii  filierfd.  Th«  lirpiid  is  then 
^eoneenlrftted  by  cviLporallon  until  it  is  reduced  to  a  V(?i\v  »mii\l  vohime, 
Iho  sodium  chUriJe,  aodiuoi  C7irboriikt«;,  potu^^iiim  chloride,  fiml  other 
iaUsi  being  removed  as  thej  successively  cryHliilliKC.  The  dnrk-hrowu 
Rufhcr-liquor  left  contnin^f  very  nearly  tlio  whole,of  the  iodine,  ns  iodidi*  of 
Imodium,  magnesium,  &e  :  this  is  mixed  with  sulphuric  iieid  And  manganese 
lioiide.  mid  genlly  heated  in  a  Icudco  retort,  when  the  iodine  dintils  over 
ind  condenses  in  the  receiver.  The  theory  of  the  operation  la  exactly 
^u*log«nis  to  that  of  the  preparation  of  chlorine;  in  practice,  however,  it 
(|tiires  careful   management,  otherwise    the   impurities  present  in  the 

tion  interfere  with  the  general  result.* 
The  maf)gAne»e  is  not  absolutely  necessary;  potasitiutn  or  sodium  iodide, 
beateil  with  an  excess  of  sulphuric   acid,  evolves  iodine.     This  effect  is 
iue  to  a  seooodary  action  between   the   hydriodic  acid  first  proiluced  and 
exce«s   of  the   sulphuric   acid,   in    which   both   liutTer   decomposition^ 
^iebling  iodine  water,  and  .*ulphurous  acid. 
ludine  crystalliies  in  plales  or  scales  of  a  bluish-black  color  and  iraper- 
ct  motiLllic  Itistre,  resembling  that  of  plumbago:  the  crystals  are  some- 
Imei  very  large  and  brilliant.     Its    density  is  4  918.     It  melts  at    107® 
2'i>>'*  F  ),  anil  boils  at  175^  (347*'  F.),  the  vapor  having  nn  exceedingly 
Beautiful  violet  colonf     It  Is  slowly  volatile,  however,  at  common  temper* 
|«iure>,  and  exhales  an  olur  much  reH^eiiibling  that  of  chloritie.     The  den- 
|_Qf  the  vapf>r  is  8  71<j  coinpired    with  jiir,  TJI   compared   with   hydro- 
Iodine  requires  for  solution  about  7U0O  pjirls  of  water,  wdjicb  never- 
t  acquires  a  brown  color;   in  alcohol   it  is  much  more  fretdy  soluble. 
oliilions  of  hydriodic  acid  find   the  iodides  of  the  alkaline  metals  ulso 
Ii^soItc  a  large  quantity:   th{'»&  solutions  are  not  decomposed  by  water, 
rhich  in  the  case  with  the  aloohono  iiufturo 

Iodine  stains  the  skin«  hut  not    pornianently ;   it   has   a  very  energetic 
etion  upon  t!i«  animal  system,  and  is  much  u.'^i'd  in  medicine. 

tine  of  the  most  chara(d*'rif*lic  properties  of  iodine  is  ihe  production  of 
,  f^plendid  blue  color  by  contact  with  ataroh.  The  ioiline  for  this  purpose 
i«M  be  free  or  iiricombincd.  It  is  easy,  however,  lo  make  the  test  availabto 
or  the  purpose  of  recognizing  the  presence  of  the  element  in  question 
ihen  a  soluble  iodide  is  suspected ;  it  is  only  necessary  to  add  a  very  siuall 
l|tmntity  of  chlorine-water,  when  the  iodine,  being  displaced  from  combi* 
attou,  becomes  capable  of  acting  upon  the  Btarch. 

^TUHooK?!  [oDinB,  or  nvnBTonic  A^in  — The  simplest  process  for  pre- 

Bg  hydriodic  ncid   gas  is  to  introduce  into  a  gl;i*^M  tube,  sealed  at  one 

emity.  a  little  ioline,  then  a  small  qnautity  of  r<mglily  powdered  gla*u 

notitened  with  water,  upon  this  a  few  fragmenlsof  phusphorus,  and  Inslly 

luitire  glass:   this  onler  of  iodine,  glass,  pbcsphorus.  glass,  is  repealed  unlil 

Tihe  tulie  is  half  or  Iwo-thinls  filled.     A  cork  and  narrow  bent  tube  are 

lihon  fitted,  and  gentle  heal  applied.     The  gas  is  best  collected  by  diitplnce- 

T^Jitti  of  air.     The  experiment  depends  on  the  formation  of  an  iodide  of 
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phosphorus  and  its  subsequent  deoomposition  by  water,  whereby  hydrogen 
phosphite,  or  phosphorous  acid,  and  hydrogen  iodide  are  produced.*  .The 
glass  merely  seryes  to  moderate  the  yiolence 
of  the  action  of  the  iodine  upon  the  phos- 
phorus. 

Hydriodio  acid  gas  greatly  resembles  the 
correspon^jiing  chlorine  oompound ;  it  is  oolor^ 
less,  and  highly  acid ;  it  ^mes  in  the  air, 
and  is  Tery  soluble  in  water.  Its  density  is 
about  4-4  compared  with  air,  64  compared 
with  hydrogen.  By  weight,  it  is  composed 
of  127  parts  iodine  and  1  part  hydrogen; 
and  by  measure  of  equal  Tolumes  of  i<^ine 
yapor  and  hydrogen  united  without  con- 
densation. 

Solution  of  hydriodio  acid  may  be  pre- 
pared by  a  process  much  less  troublesome  than 
the  aboTe.  Iodine  in  fine  powder  is  suspended  . 
in  water,  and  a  stream  of  washed  hydrogen 
sulphide  passed  through  the  mixture;  sul- 
phur is  deposited,  and  the  iodine  conyerted 
into  hydriodic  acid.  When  the  liquid  has  become  colorless,  it  is  heated,  to 
expel  the  excess  of  hydrogen  sulphide,  and  filtered.  The  solution  cannot 
be  kept  long,  especially  if  it  be  concentrated ;  the  oxygen  of  the  air  grad- 
ually decomposes  the  hydriodic  acid,  and  iodine  is  set  free,  which,  dissolving 
in  the  remainder,  communicates  to  it  a  brown  color. 

Compounds  of  Iodine  and  Oxygen, 
The  most  important  of  these  are  the  iodic  and  periodic  oxides. 

Compoaition  bj  weight-f 


Iodic  oxide 
Periodic  oxide 


Iodine. 
127 
127 


Oxygen. 
40 
66 


Both  these  are  acid  oxides,  uniting  with  water  and  metallic  oxides,  and 
forming  salts  called  iodates  and  periodates.  The  composition  of  the  hydro- 
gen salts  is  as  follows :  %  — 

Iodine.  Oxygen.  B[ydrog«n.  Iodic  oxide.  Water. 
Hydrogen  lodate  or  Iodic  acid  127  +  48    -f    1      or      884     -f     18 

Hydrogen  Periodate  or  Periodic  acid  127  -f^  56    -f    1      or      886    -f     ^^ 

Iodic  add  may  be  prepared  by  the  direct  oxidation  of  iodine  with  nitric 
acid  of  specific  grayity  1  -5 ;  5  parts  of  dry  iodine  with  200  parts  of  nitric 
acid  are  kept  at  a  boiling  temperature  for  several  hours,  or  until  the  iodine 
has  disappeared.  The  solution  is  then  cautiously  distilled  to  dryness,  and 
the  residue  dissolved  in  water  and  made  to  crystallize. 

Iodic  acid  is  a  very  soluble  substance ;  it  crystallizes  in  colorless,  six- 
sided  tables.  At  107°  (224°  F.)  it  is  resolved  into  water  and  iodic  oxide, 
which  forms  tabular  rhombic  crystals,  and  when  heated  to  the  temperature 
of  boiling  olive  oil,  is  completely  resolved  into  iodine  and  oxygen.  The 
solution  of  iodic  acid  is  readily  deoxidized  by  sulphurous  acid.     The  iodates 
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fiOHj 
Water. 
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^^^Freeemble  the  cblomtes:  Ihnt  of  poUasium  h  deootnpoaed  by  heal  into 
^^^■iituai  iotliile  and  oxygen  gn&. 

^^TSfnodic  Add. — When  sohilion  of  Bodtuiu  iodate  ia  mixed  with  causlio 
|r0odii,  and  a  current  of  chtorint!:  transmitted  through  (he  llqukl:,  I  wo  i^uUs 
I  are  formeil  —  namely,  sodiiini  chloride  iiud  ii  compound  of  podium  periodalo 
^'m-iib  sodium  hydraU»»  which  ia  apiiringly  aohible,*  Tliia  is  sepnruti^d,  coa- 
I verted  into  a  Bilver-siilr,  and  tliHsolviMi  ia  nitric  acid:  the  solutiou  yiekU,  on 
I CTAporfttion,  crysiJiLi  of  yeUow  sifTor  periodate,  from  which  the  acid  miiy 
|k1k«  separated  by  the  action  of  water,  which  resolves  the  »alt  into  free  aeid 
land  ini)olub1e  bpimc  penodate. 

h  Periodic  acid  crystallizes  from  its  aqueous  solution  in  deliquescent 
l>obli<:)ue  rhombic  prisms,  which  uidl  at  I^O**  (2f)U**  F.),  and  are  resolvLHl  at 
ll7(P  (33H^  F. )  into  wjiter  and  a  white  mass  of  periodic  oxide,  which  at  180° 
kr  190**  (356® — 37-4'*  F,)  gives  off  oxygen  willi  great  rapidity^  and  loaves 

■  Iodic  oxide. 

I  Tb«  solution  of  periodic  acid  is  rciluced  hy  many  organic  suhf^tanceSf 
l«od  insiaoily  by  hydrochloric  acid,  sulpliurous  acid,  atid  hydrogen  sul* 
Cphtde.  With  hydrochloric  acid  it  forms  wuicr,  iodine  chloride,  and  free 
rehlorine.  The  metallic  periodates  are  resolved  by  heat  into  oxygen  and 
■•iDetaUio  iodide, 

V  Oemptntnffs  of  Iodine  and  Nifro^jrn. — When  finely  powdered  iodine  ia  put 
BdIo  CMUtic  ammonia,  it  in  in  part  diMsoIvedt  giving  a  deep-brown  soUKion, 
mnd  tJi«  residue  is  converted  into  a  bhiL*k  powdir,  cuUctl  uitnujm  uydnk^^ 
K^he  brown  liquid  con^ist!^  of  bydriodic  acid,  holding  iodine  in  fluUiUou^ 
Mud  is  easily  separated  from  the  solid  product  by  o  filter.  The  latter, 
nhile  still  wet,  is  diiitributcd  in  small  quantities  upon  separate  pieces  of 
|!bibuloti«<  paper,  and  left  to  dry  in  the  air, 

I  Nitrogen  iodide  is  a  black  insoluble  powder,  which,  when  dry^  e^iplodes 
^vritb  the  slightest  touch  —  even  that  of  a  feather — ^and  sometimes  without 
kny  obvious  cause.  The  explosion  is»  however^  not  nearly  so  violent  as 
lilifti  of  nitrogen  chloride^  and  is  attended  with  the  production  of  violet 
H^iines  of  iodine.  According  to  Dr.  Gladstone,  this  substance  contains  hy- 
Mrogen,  and  may  bo  viewed  as  ammonia  in  which  two  thirds  of  the  hy- 
Hrogen  are  replaced  by  iodine.  J  According  to  the  researches  of  Bunsen, 
nl  must  be  viewed  as  a  combination  of  nitrogen  tri- iodide  with  ammonia,} 
pt  appears,  however,  that  the  substance  caHed  nitrogen  iodide  vnries  in 
icnm position.  Gladstone,  by  changing  the  mode  of  preparation^  obltkined 
Ipeveral  compounds  of  nitrogen  tri-iodide  with  ammonia, 
i  Com}HiundM  of  Iodine  and  Ch/ormf,  —  Iodine  readily  absorbs  chlorine  gas, 
Rbfming.  when  the  chlorine  is  in  excess,  a  solid  yellow  compounds  and 
khen  the  iodine  preponderates,  a  brown  liquid.  The  solid  iodide  is 
liecompn'*ed  by  water*  yielding  hydrochloric  and  iodic  acids.  [| 

■  Another  definite  compound  is  formed  hy  healing  in  a  retort  a  mixture 
hf  I  part  iodine  and  4  parts  potasBiuca  chlorate;  oxygen  gas  and  iodine 
bbloride  arc  disengaged,  and  the  latter  may  be  condensed  by  suitable 
bemns.     FotaRsium  iodate  and  porch lorate  remain  in  the  retort. 

I     This  iodine   chloride   is  a  yellow  oily  liquid,  of  suifocating  smell  and 
"astringent  taste;  it  is  soluble  in  water  and  alcohol  without  decomposition. 
It  probably  consists  of  127  parts  iodine  and  3o-5  parts  chlorine.^ 
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This  element  has  neyer  been  isolated — at  least,  in  a  state  fit  for  exam- 
ination; its  properties  are  consequently  in  great  measure  unknown; 
but  from  the  obserrations  made,  it  is  presumed  to  be  gaseous,  and  to  pos- 
sess  color,  like  chlorine.  The  compounds  containing  fluorine  can  be  easily 
decomposed,  and  the  element  transferred  from  one  body  to  another;  but 
its  intense  chemical  energies  towards  the  metals  and  towards  silicium,  a 
component  of  glass,  have  hitherto  baffled  all  attempts  to  obtain  it  pure  in 
the  separate  state.  As  calcium  fluoride,  it  exists  in  small  quantities  in 
many  animal  substances,  such  as  bones.  Seyeral  chemists  have  endeaTored 
to  obtain  it  by  decomposing  silver  fluoride  by  means  of  chlorine  in  yessels 
of  fluor-spar,  but  even  these  experiments  haye  not  led  to  a  decisive  resulL 

Htdroqen  FLroRiDE,  or  IItdrofluoric  Acid.* — When  powdered  cal- 
cium fluoride  (fluor-spar)  is  heated  with  concentrated  sulphuric  acid  in  a 
retort  of  platinum  or  lead  connected  with  a  carefully  cooled  receiyer  of 
the  same  metal,  a  very  volatile  colorless  liquid  is  obtained,  which  emits 
copious  white  and  highly  suff'ocating  fumes  in  the  air.  This  was  formerly 
believed  to  be  the  acid  in  the  anhydrous  state.  Louyet,  however,  states 
that  it  still  contains  water,  and  that  hydrofluoric  acid,  like  hydrochloric 
acid,  when  anhydrous,  is  a  gas.  The  anhydrous  acid  may  be  prepared, 
according  to  Fr^my,  by  distilling  hydrogen  and  potassium  fluoride  in  a 
platinum  vessel.  The  acid  is  gaseous  at  ordinary  temperatures.  In  a 
frigorific  mixture  it  exists  as  a  liquid,  which  acts  violently  on  water  and 
evolves  white  fumes. 

When  hydrofluoric  acid  is  put  into  water,  it  unites  with  the  latter  with 
great  violence:  the  dilute  solution  attacks  glass  with  great  facility.  The 
concentrated  acid,  dropped  upon  the  skin,  occasions  deep  and  malignant 
ulcers,  so  that  great  care  is  requisite  in  its  management.  Hydrofluoric 
acid  contains  19  parts  fluorine  and  1  part  hydrogen. 

In  a  diluted  state,  this  acid  is  occasionally  used  iu  the  analysis  of  siliceous 
minerals,  when  alkali  is  to  be  estimated:  it  is  employed,  also,  for  etching 
on  glass,  for  which  purpose  the  acid  may  be  prepared  in  vessels  of  lead, 
that  metal  being  but  slowly  attacked  under  these  circumstances.  The 
vapor  of  the  acid  is  also  very  advantageously  applied  to  the  same  object 
in  the  following  manner :  The  glass  to  be  engraved  is  coated  with  etching- 
ground  or  wax,  and  the  design  traced  in  the  usual  way  with  a  pointed 
instrument.  A  shallow  basin  made  by  beating  up  a  piece  of  sheet-lead  is 
then  prepared,  a  little  powdered  fluor-spar  placed  in  it,  and  enough  sul- 
phuric acid  added  to  form  with  the  latter  a  thin  paste.  The  glass  is 
placed  upon  the  basin,  with  the  waxed  side  downward,  and  gentle  heat 
applied  beneath,  which  speedily  disengages  the  vapor  of  hydrofluoric  acid. 
Iu  a  very  few  minutes,  the  operation  is  complete:  the  glass  is  then  re- 
moved and  cleaned  by  a  little  warm  oil  of  turpentine.  When  the  experi- 
ment is  successful,  the  lines  are  very  clean  and  smooth. 

No  combination  of  fluorine  and  oxygen  has  yet  been  discovered. 


This  \s  an  elementary  body  of  great  importuticc  and  inUresL  It  m 
often  found  in  the  free  state  in  couoetitiun  with  deposits  of  gj-paum  and 
rock-Halt;  its  occurrence  in  volcunic  districla  ia  probably  ttCciUfnlifcL 
Sicily  furnishes  a  large  pro|K>rtiou  of  the  sulphur  employed  in  Europe. 
In  aVate  of  combination  with  iron  and  other  mt?  La  la,  and  ait  sulphuric  acid 
anited  to  Ume  tind  magnesia,  it  in  abo  abundant. 

Pure  sulphur  is  a  pale-yidlow  brittie  solid,  of  well-known  appearance. 
It  meit^  when  heated,  and  diet  lis  over  unaltered,  if  air  be  excluded.  The 
eryfltalii  of  sulphur  exhibit  two  distinct  and  incompatible  forma  —  namely^ 
!ir?l,  an  octohedron  with  rhombie  bane  (fig,  Hill),  which  in  the  figure  of 
native  sulphur,  and  that  a<i8umed  when  Bulphur  tieparates  from  solution  at 
common  temperatures,  an  when  a  solution  of  sulphur  in  carbon  hiinulphide 
is  exposed  lo  hIow  evaporation  in  the  air;  and,  aeeondly,  a  lengthened  prism 
hftring  no  relation  to  the  preceding:  thiiij  bappena  when  a  ma»H  of  ^ulpbur 
LB  melted,  and.  after  partial  cooling,  the  crust  on  the  surface  ia  broken  and 
the  fluid  portion  poured  out.  Fig,  1&7  shown  the  reault  of  Bucli  an  expori- 
mtnU 


J^.  136. 


Fig.  137. 


The  Fpeoific  graTily  of  sulphur  iraneei  according  to  the  form  in  which  it 
h  crjMtalUied.  The  ootohedrni  variety  has  the  specific  gravity  2'046|  the 
prismatic  variety  the  specific  gravity  1  •1*82. 

Biilphur  melts  at  IIF  (232^  F.)  (ai  ll■4■5^  according  to  Brodie) :  at  this 
temperature  it  i»  of  the  color  of  amber,  and  thin  and  fluid  a»  water;  when 
further  heated,  it  begins  to  thicken,  and  to  acquire  a  de^eper  color;  and 
between  22P  (430**  F.)  and  24'^^^  {4H(|^  F.)  it  ia  so  tenacious  that  the  veatsel 
in  which  it  i^  contained  uiny  be  inverted  for  a  tnoment  without  llie  Ions  of 
its  coutenta.  If  in  ihi»  state  it  be  poured  into  water,  it  retains  for  many 
hours  a  remarkably  f^oft  and  tlexihle  condition,  which  should  be  looked  upon 
as  Lhe  amorphous  fitate  of  fiiilphiir.  After  a  while  il  again  hecoiuei*  brittle 
and  eryatalline.  From  the  temperature  last  mentioned  to  (he  boiling-point 
—  about  4()(>*»  (702**  F.)^piilphur  again  becomes  thin  and  liqnid.  Id  the 
preparation  of  oommcrcial  flowers  of  mdphun  the  vapor  is  conducted  into 
a  large  cold  chamber,  where  it  condensep  in  minute  cryBtah.  The  «p(!oific 
gravity  of  sulphur  vapor  18  2'22.  referred  to  that  of  airVs  unity,  or  82  cotn- 
pared  with  that  of  hydrogen  (Deville). 

Stilpbur  19  insoluble  in  water  and  ajoohcl ;  oil  of  turpcnUno  and  the  fat 
oili  diiMiolve  it,  but  the  be«t  »uhHtance  for  the  purpose  is  carbon  bisulphide. 
In  its  chemical  relations  sulplmr  bears  great  retiemhlance  to  oxygen  :  to  very 
many  oxides  there  are  corresponding  snlphidea,  and  the  sulphides  often 
.unit«  among  iheniselvos,  forming  crystal lijiable   compouuda  MittX^^ovA  W 
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Sulphur  U  ronmrkiiblc  for  the  grout  number  of  modificAtioni  which  it  i« 
CiLpable  of  ftssuming,  Uf  tliene,  however,  I  hero  ure  two  principal  wvlU 
cb«ractenzc(t  viirieties.  one  Boluble,  iinii  the  other  in»oluble  in  carbon  bi- 
sulphide, and  many  minor  modifictLtiou».  The  soluble  rariety  ia  dl8tingl]i«h<^d 
by  B«rthclot*  by  I  he  nunie  of  tlfctro- negative  suiphur,  because  it  is  the  form 
which  uppears  at  the  positive  pole  of  the  voltaic  ballery  during  tlie  decom- 
poi^if  ion  of  tin  ai|ueou»  solution  of  hydrogen  sulphide^  and  is  fieparated  from 
the  cumhiutttions  of  sulphur  with  the  electro-positive  uieinle.  The  in^ohi- 
ble  variety  is  distinguished  »s  tircfro-poMtwi  tulphur,  because  il  is  the  form 
which  appears  at  the  negative  pole  during  the  electric  decom  posit  ion  of 
8uIphuroii£»  acid,  and  ^eparatcM  from  compoundB  of  sulphur  wiUi  the  electro- 
negative elemenlfi,  chlorine^  bromine*  uKygon»  &c. 

The  prini^ipal  moditiciiliotij]  of  soluble  sulphur  are  the  octohedral  and 
prismatic  varictiea  already  iiieniioiied,  and  au  aniorphouH  variety  which  is 
preelpit&ted  as  a  ^eenigh-white  emulsion,  known  um  milk  of  sulphnr  on 
Adding  an  acid  to  a  dilute  eokition  of  an  alkaline  polyt^ulpbide,  such^  for 
example,  as  in  obtained  by  boiling  sulphur  with  milk  of  linie.f  This  amor- 
phous sulphur  changes  by  keeping  into  a  uiaB*  of  minute  octohedral  crystals. 
Sublimed  sulphur  appears  alno  to  be  allied  lo  ibijs  modification^  but  it  always 
contains  a  euiall  portion  of  one  of  the  insoluble  modifications. 

The  cliief  modifications  of  insoluble  ¥wlpliur  nre:  1.  Tbe  amorpbons  in- 
soluble  rariety.  obtained  nm  a  Hoft  nuigma  by  decomposing  chlorine  bisul- 
phide with  water,  or  by  addinp  dilute  hydrochloric  acid  to  the  solution  of  a 
hyposulphite. J  2.  The  phi^lic  sulphur  already  mentioned  na  obtained  by 
pouring  vitfcid  melted  sulphur  into  water.  A  very  similar  variety  is  pro* 
duced  hy  boiling  melullic  sulphides  with  nitric  or  nitro-muriotic  acid. 

Magnus  J  obtained  a  black  modification  of  sulphur  by  repeatedly  heating 
Bulpbur  to  300^(572**  F.).  cooling  suddenly,  and  estliausting  with  carbon  bi- 
sulphide; and  this;  black  aulphur,  heated  to  a  temperature  between  IHO^ 
and  ISO*^,  paused  into  a  red  niodificRtion.  According  to  Mitschcrlich.  how- 
ever^  pure  sulphur  does  not  exhibit  these  modificatioujp;  but  various  highly 
colored  products  may  be  obtained  by  melting  milphur  with  small  quantities 
of  fatt3*  matters.  Even  the  grease  imparted  by  touching  sulphur  with  the 
fingers  is  sufhcient  to  alter  its  color  considerably  when  melted. 

When  solutions  of  hydrogen  sulphide  and  ferric  chloride  are  mixed 
together,  a  blue  precipitate  is  sometimes  formed,  which  iff  twid  to  be  ft 
peculiar  modl&oatiou  of  sulphur. 

CompQund§  of  Sulphur  and  Otygm* 


There  are  two  ox.ide8  of  sulphur  whose  names  and  composition  are  as 
follows : 

Satphar,       OxfjniB. 
,     §2     -h     32 
82      +      48 


^H  Sulphur  dioxide  or  Sulphurous  oxido 

^"  Sulphur  trioxide  or  Sulphuric  oxido 

I  Both  these  oxides  unite  with  water  and  melalliii  oxides,  or  the  elements 

I  thereof,  producing  salts ;  those  derived  from  sulphurous  oxide  Lre  called 


•Aim.ChJfn  Phys.  [3].  «llx.  43a 
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SULPHUR. 

fnlpbiUfl,  And  those  derived  from  Bulphuric  ncul.  sulphates.     Tlie  compofi- 
lioa  of  tbe  bydrogen  eaUs,  or  acidi,  is  as  follows :  * 

Sotphur,      Ox7g«igu      Hydrog^.      Sulphuroiu  oitld«>  W«l4V. 

Hydrog»nSulphi..     1         32     +    48    +      2        =  04         +18 

or  Sulphurous  acid  /  '  ' 

Solphnrlc  ojeide.    W»ter. 

HjdroKcn  Sulphate     1         32     -h     64     +2        =  80         4-18 

or  Sulphuric  acid     f  '  '  ~ 

The  replacement  of  half  or  the  whole  of  the  hydrogen  m  these  acidSf 
bjr  metnl^,  gires  rise  tn  metallic  gtilpliltes  and  sulphates. 

There  are  also  several  acids  of  Ktilphur»  with  Uit'ir  correflpooding  metal- 
lic salts,  to  which  there  are  no  corresponding  anhydrous  oxides,  rb. : 

1.  HifpMulphurouji  or  Thir>4tulphttrir  Add,  having  the  composition  of  sul- 
phuric acid  in  which  orn'  fourth  of  the  oxygen  is  replaced  by  sulphur.f 
its  eomposition  by  weight  is : 

Salphur.  Oxyjjen,  Hjdrtvgen. 

(54  ^48+2 

2.  A  series  of  acidii  called  Polythiotiie  Afitk^X  ^^  which  the  sanoe  quanta 
ties  of  oxygen  and  hydrogen  are  united  with  quantities  of  sulphur  in  the 
proportion  of  the  numbers  2.  3,  4,  6,§  vix. ; 

8u)]>biir.    Oxygf^Q.      Uydrogcui. 
Dithionic,  or  Hyposulphurlo  acid    .        ♦        D4    -f     &tj     -f      2 

TrUhionic  ucid &6     +     96     +       2 

Tetratbionic  acid     .         .         .         .         ,       128     +     ^*J     -f       2 
PentalliioDic  acid         ,         .         -  .  160     -f     ®^     -f       2 

Sri-PHra  Dioxii^r,  or  Sulphurous  Oxidr.  — This  is  the  only  product  of 
ibe  combustion  of  sulphur  in  dry  air  or  oxygen  gas.  It  i^  most  convenitnitly 
prepared  by  healing  sulphuric  acid  with  metallic  mercury  or  copper  clip* 
pings;  a  portion  of  the  acid  im  decomposed,  one  ihirJ  of  the  oxygen  of  the 
■alpburic  oxitie- being  transferrBd  to  the  metal,  while  the  sulphuric  oxide 
is  reduced  to  sulphurous  oxidt^  whteh  esc fi pew  as  gan,  ||  Another  \ery  simple 
method  of  preparing  sulphurous  oxide  consists  in  heating  concentrated  sul- 
phuric acid  with  sulphur;  a  very  regular  evolulion  of  sulphurous  oxide  is 
thus  obtained.  Sulphurous  oxide  is  a  colork'^s  gas,  having  the  peculiar 
suffocating  odor  of  burning  britustono ;  it  insdintly  extinguishes  flame^  And 
is  quite  irrespirihle.  Its  density  is  2-21;  a  litre  weighs  2'8<Jft5  grams; 
lOOcabic  inches  weigh  68'69  grnins.  At  —IT'S**  ((F  Fj,  under  the  ordinary 
pressure  of  the  atmosphere^  this  gas  condenses  to  a  colorless,  limpid  liquid, 
Tcry  expansible  by  heat.  Cold  water  dissolves  more  than  thirty  iimca  lis. 
volume  of  sulphurous  oxide.  The  solution,  which  contains  hydrogen  sul- 
phite  or  sulphurous  acid,  maybe  ki*pt  unchanged  so  long  as  air  is  excluded, 
but  access  of  oxygen  gradually  converts  the  sulphurous  into  sulphuric  acid, 
although  dry  sulphurous  oxidu  and  oxygen  gases  may  remain  in  contact 

•  Tbm  oompotltion  of  ttif«o  o^idn*  and  acldi  ti  tliai  «xpreiM4  la  lyiabolB: 
SnlphMroiid  oxide        ....        BOi 
8ol|»lMirMUN:iik!      .        ,        .        ,        .    80,H,  =:  BO^OH, 

8ii]].tiiirii'  oxiilu eOg 

Sulptiuric  utiJ SO^fls  -  SOji.OH, 

t  ^ulpboric  Add ,        ,....,,,         fiOill- 
ThUmulphnHc  arid      ,..,,,,,     S|Q|IJ|. 

X  From  idAoCi  numy,  and  0m  «v*  ■atphtur. 

I  Id  tymlKiia: 

!>;.*.■...,.  .,,t       ,  ,       .       .    fy>^if, 

i                    I  .  .       .       ,       v^n, 

I                     Hid  .  ,        .        .    84il«Ma 

I...1... ^utid  .        ,        .        H^\l\t 

m^MricmciiL         Catn^ttr.  Ofptmr  mulpbmHi.  Water.  ftul^VrafOoa  ttv^^Aft^ . 
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for  any  length  of  flme  wiiliout  chftnf^e.     Wlien  milphuroits   oxide 

ftqueous  vapur  arc  pap^^ed  into  n  vobpcI  cooled  to  below  — 8IJ*'  or — 6°  (17* 
21^  F.),  ft  crj^^tuDino  bodj  forms,  which  contaiiis  about  24*2  sulpliuro« 
oxide  lo  75  8  of  w*iter. 

One  volume  of  8ii]|ifiurouB  oxide  gas  contains  one  Tolitme  of  oxygen  and 
half  a  volume  of  Bulpbur  vjipor,  condenped  into  one  volume. 

GiLfies  wbich^  Hke  ihc  preacnt,  are  freely  soluble  in  water,  muffl  be  col- 
lected by  displiieotment.,  or  by  (he  u?e  of  Ihc  niercuHfti  pnpunialic  trough. 
The  manipulation  with  tbt!  latler  it!  exactly  the  same  in  princip>le  a»  with 
the  ordinrtry  water-trough,  but  rather  more  trouble»omp,  from  the  great 
density  of  the  mtTCury,  nnd  its  opacity.  The  whole  apparatus  is  on  a  much 
smaller  ftCJile*  The  trough  is  best  conBiructed  of  hard^  eound  woo<i,  and  f»o 
ooni rived  aei  to  economUe  as  much  aa  possible  the  expensive  liquid  It  is  to 
contain^ 

Sulphurous  acid  hasbtenchiugpropertieH:  it  is  used  in  ihe  arts  for  bleach- 
ing woollen  goodi*  uud  ytr;iw-pluit.  A  piece  of  blue  litmu?*  paper  plunged 
into  the  moist  gas  is  Hrjit  redileuHl  ai*d  tlieu  slowly  bleached. 

The  Bftlfs  of  Bulphuroua  acid  are  noi  of  much  impor lance:  tho^c  of  the 
alkalies  are  soluble  and  crystallunblc ;  they  arc  easily  formed  by  direct 
combination.  The  sulphites*  of  bnriiim»  Hlrontiuni,  niul  cnlcium  are  insol- 
uble in  wftter»  but  Roluble  in  h  yd  rot:  hi  uric  acid.  Tlio  stronger  acids  de- 
compose them;  nitric  acid  couverls  ihem  into  sulphates^ 

Sulphurous  oxide  unites,  un<ier  peculiar  circuiustauces*  with  chlorine, 
and  also  with  iodiue,  forming  compounds,  which  have  been  called  chloro- 
and  iodo-stilphuric  acids.  They  arc  decomposed  by  water*  It  al&o  combinea 
with  dry  ammotiiaciil  gas,  giving  rise  tn  a  remarkable  compound  ;  and  with 
nitric  oxide  also,  in  presence  of  an  alkali. 

Sulphur  Tbioxiue  or  SuLpiirnic  Oxidu  (also  called  Anhi/droiu  Sutphtme 
aciff,  or  Sulpfturie  tmhifdridf),  — ^This  couipuuud  may  be  formed  directly  by 
pcu*i*ing  a  dri,'  mixture  of  sulphurous  oxidt^  and  oxygen  gawes  over  heated 
spongy  platiuuni ;  or  it  may  be  obtained  by  di^itilliug  the  most  concentrated 
Bulphuric  acid  with  phoMplionc  oxide,  which  then  abatraets  the  water  and 
aetfi  !he  sulphuric  oxide  free.  It  is  usually  prepared^  however,  from  the 
fuming  oil  of  vitricd  of  Nordhauseii*  which  may  be  regarded  as  a  soluiion 
of  sulphuric  oxide  iu  sulphuric  acid,  Oti  gently  heating  this  liquid  in  a 
retort  eonnccted  with  a  receiver  cooled  by  a  freezing  mixture,  the  sulphuric 
oxide  distils  over  in  great  abuudance,  and  condenses  into  beautiful  white 
silky  crystals,  resembling  those  of  asbestos.  When  thrown  into  water, 
it  hisecB  like  a  red-hot  iron,  from  the  violence  with  which  combination 
oconrs:  the  product  is  sulphuric  acid.  When  exposed  lo  the  air*  even 
for  a  few  moments,  it  Itnuehes  by  absorption  of  moisture.  Il  unites  with 
ammontacai  gas,  forming  a  milt  called  animonium  sulphamate,  ihe  nature  of 
which  will  be  explained  further  on. 

Bripnrnic  A€in»  —  This  acid  hns  been  known  since  the  fiflcenth  cenfury. 

There  are  two  diMinet  processes  by  which  it  ia  at  present  prepared  — 
namely,  by  the  distillation  of  ferrous  wulphnto  (copperas  or  preen  vitriol), 
and  by  the  oxidation  of  sulphurous  acid  with  nitrous  aud  hyponitric  acids* 

The  first  process  is  still  carrieil  on  rn  some  parts  of  Gernmuy,  especially 
in  the  neighbor liood  of  Nordhauaen  in  Prussia,  and  in  Bohemia.  The  fer- 
Tous  sulphate,  derived  from  the  oxidation  of  iron  pyrites,  is  deprived  by 
heat  of  the  greater  part  of  its  water  of  crystallisation,  and  Huhjecled  to  a 
high  red  heat  in  earthen  retorts*  to  which  receivers  are  fitted  ns  soon  as  the 
mcid  begins  to  disiil  over.  A  part  gets  decomposed  by  the  very  high  !em- 
perstnre;  the  remainder  ia  driven  off  in  vapor,  which  ia  condensed  by  the 
cold  vessel,  containing  a  very  small  qvianVvty  of  vfat<»v  or  common  sulphuric 
•<?/</.     The  product  ia  a  brown  t>ily  liquid,  of  ft.W\it,  \*^A  ft^t\^<i  ^a^wj  ,\^aar 
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in   ihn  air^  undi  very  corrosiTC.     It  is  ckicfl^y  ma*lo  for  tiic;  juirpose  of 
olTing  indigo. 
0  second  method,  which  i«,  perhaps,  with  the  atQglc  exception  men- 
i,  »lw«ys  followed  ma  the  more  ccoiiumical^  fiepini*lB  upon  the  fiict  that, 
P'ken  ftulphurouM  OJLide,  nitrogen  tetroxidc,  und  wiiter  Are  proaeitt  together 
I  ceriftin  proportions,  (he  sulphurouaoxido  becomes  oxtdiicd  at  tl»e  expense 
r  the  nilrogcR  tetroxide,  which  bjr  the  loss  of  oiic-hrillf  of  ila  oxjgen,  sinks 
pthe  conditioQ  of  nitrogen  dioxide.     Tlio  operiUion  is  thuH  coiKlucted:  A 
rg«  and  very  long  chamber  is  built  of  sheet -lead  supported  by  timber- 
aming:  on  the  outside,  nt  one  extremity,  a  small  furmice  or  oven  U  eon- 
ructed,  having  a  wide  tube  leadiug  into  ihe  chamber.     In  Ihis^  sulphur  iB 
Bfkt  burning,  the  flaiae  of  which  lu'niM  tx  crucible  contuining  a  mixture  of 
and  oil  of  vitriol.     A  shallow  i^l rat um  of  water  occupies  the  floor  of 
f  chamber,  anel  a  jet  t>f  stfuni  is  also  introduc<Hl     l^aj^tly,  an  exit  is  pro- 
at  the  remote  end  of  the  chamber  tor  the  spent  and  useless  gases* 
be  effect  of  ihcse  urrangeuient^  is  to  cause  a  consJiint  supply  of  sulphur- 
oxide,   atmoi^pheric  air«  nitric  ackl  vaport  ami  water  in   the  state  of 
km,  to  be  thrown  into  the  ehaiubcr,  (here  to  mix  ami  react  upon  each 
ber.     The  nitric  acid  immediately  gives  up  a  part  of  its  oxygeu  t^  the 
buroua  oxide,  und  is  itself  reiluced  to  nitrogen  tetroxifle;  it  docs  not 
aia  in  this  state^  however,  but  sufFcra  further  deoxidation  until  it  be- 
rcduced  to  nitrogen  dioxide.     That  subntancc,  in  contact  with  free 
fgen,  absorbs  a  portion  of  the  latter,  and  once  more  becomes  tetroxide, 
' Lift  again  destined  to  undergo  deoxidation  by  a  fresh  quanUty  of  sul- 
\  oxide.     A  very  ,snian  portion  of  nitrogen  tetroxide,  mixed  with  at- 
air  and  sulpiinrous  oxide,  may  thus  in  lime  convert  an  indefinite 
Doixnt  of  the  latter  into  sulphuric  acid,  by  acting  as  a  kind  of  carrier  bo- 
i  the  oxygen  of  the  air  and  the  sulphurous  oxide.     The  presence  of 
water  is  essential  to  this  reaction. 

We  may  thus  represeni  ilie  change:* 


W 


(  Oxygen  16  _ 

8ulpbufous  oxide    f  Siifphiir  32 

04  \  Oxygen  32 

Water         ....  18 


Nitrogen  dioxide  30, 


Sulphurio  acid  98. 


iSuch  is  the  simplest  view  that  can  be  taken  of  the  production  of  sulphuric 
nd  in  the  leaden  chamber;  but  it  i^  loo  much  to  atKrm  that  it  is  strictly 
ue;  the  reaction  may  be  more  complex.  When  a  little  water  is  put  at 
MS  bottom  of  a  large  glass  globe,  so  as  to  maintain  a  certain  degree  of  hu- 
iditT  in  the  air  wiihin,  and  siiJphnrous  oxide  and  nitrogen  tetroxide  arc 
Produced  by  separate  tubes^  symptoms  of  chemical  action  become  im- 
ediately  evident,  an^l  after  a  lit  lie  time  a  while  crystalline  matter  is 
iwrv^d  to  condense  on  the  sides  of  the  vessel.  This  substance  appears 
(  be  a  compound  of  sulphuric  acid,  nitrous  acid,  and  a  litlle  waler.f 
When   thrown    into    water,   it   is   resolved    into  sulphurio   acid,   nitrogen 


NO, 
2fitiMg4?a 


Otia        =        NO 


Il4«bt< 
tdllaa 


+         SO,         + 

Sal  ji  hill  raui 

ujll:>](5. 

CfiMttjrjf  (i»«ifrTi«^1  tf>  I1ir«  rnrioiii  wwhstnorr*  (tm  romiiCMilioKi  esfimmwl  by  the 

»j,  TUTj    -?0  ,    ,iU'\   Mi[»4   v|mw  ),|M  |tiMi»niU.r  lM»*Mi  r««v(v«l  l»y  r««'iit   ifitnnluHl 

l"  I    .wn  Itiiif  n  i'Hn|"Hiirii|  )iuMf#f>tiM^  i»]|  ll*-  n       i  ii.|>- 

of  tli«  r^innr'il   Uy  tiriDdifWr  tdHrtltfr,  In   a  «-  •  ri\m, 

•iilp!*ui  >i!r<><t  li<tr'i>xM<\  tM>t1i  fro**  frntw  wntpr.     '.  ^"^v 

AUl  •^'•'o  h.-^>H->  /,.  h>rni,  ,fwt  iU  tho  fxiihntion  *if  twi«iity-«»ix  ho«tik  Uiv  v^  ivVvnv  i^\v 
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Bcw  f^ruduct  is  ACCKm\pAikki3d  by  an  oxcovdingly  voVaUYt^  ^^Msn\ifc\vVV<v™^ 
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dioxide,  ond  nitric  Acid.  This  curious  body  \b  certainly  very  often  pro* 
ducod  in  large  quantity  in  thu  k'tidi^o  elitmilior!^;  hut  tlint  its  production  ii 
indi,spcnfi%|>le  to  ihe  succot$i)  of  the  proocss.  and  cortMtaiii  whuu  tht?  t^pcrAttoii 
gocA  on  woll,  and  ihe  tLitrogen  tetroxido  in  not  in  oxcess,  may  perhapB  ii^J- 
mil  of  doubt. 

The  MTuter  at  the  bottom  of  the  chamber  tbui  becomes  loaded  with  sal- 
phurio  acid:  when  a  certain  degree  of  strength  hns  been  reached,  Ihe  acid 
i«  drawn  off  and  concentrated  by  evuporation,  first  in  leaden  pans,  and 
aOerwardft  in  atilk  of  plaiinnm,  until  iL  attains  a  density  (when  cold)  of 
1'84^  or  therenboiitB ;  it  is  then  trantiferrcd  to  carboys,  or  large  gl&ss  bot^^ 
tle9  fitttsd  in  basketfl^  for  sale.  In  Orcat  Britain  this  manufacture  is  one 
of  great  national  importance,  and  is  carried  on  to  a  vast  extent.  Sulphuric 
acid  is  now  more  frequently  made  by  burning  iron  pyritr»,  or  poor  copper 
ore,  or  zinc-blende,  na  a  subMtituto  for  Sicilian  sulphur:  it  very  frequently 
contains  araeuic,  from  which  it  may  be  freed,  howevert  hy  heating  it  with 
a  smnll  quaniity  of  Fiodium  chloride,  or  by  pas^^ing  through  the  healed 
aoiil  a  current  of  hydrochloric  acid  gas,  whereby  the  arsenic  i$  volatilixed 
ua  trichloride. 

The  most  concentrated  sulphuric  acid,  or  oil  of  ritriol,  as  it  is  oftej 
called,  is  a  definite  coinbination  of  40  parts  8ulphuric  oxide,  and  9  p; 
water.^  It  is  a  colorless  oily  liquid,  having  a  wpecilic  gravity  of  about  I 
of  intensely  acid  tn!*ie  and  reaction.  Organic  matter  i»  rapidly  char 
amd  destroyed  by  this  substance.  At  Ihe  temperature  of  — Stj*^  ( — IS*" 
it  freeios;  at  ai27°  (f«20^  F/)  it  boils,  ami  mny  be  distilled  without  dccoi 
position.  Oil  of  vitriol  has  a  most  energetic  attraction  for  ^vrtter;  it  with 
draws  aqueous  vapor  from  the  air,  and  when  it  ij*  diluted  with  water,  great 
heat  is  evolved,  so  that  the  mixture  ah»'aye  requires  lo  be  mivde  with  cau- 
tion. Oil  of  vitriol  is  not  the  only  hydrate  of  sulphuric  oxide;  three 
others  are  known  to  cxigt.  When  the  fuming  oil  of  vitriol  of  Nordhausen 
is  exposed  to  a  low  tenipernlure.  a  white  crystalline  substance  separates, 
whieh  is  a  hydrate  containing  half  as  mtich  water  as  the  common  liquid 
acid.  Then,  again,  a  mixture  of  1^8  parts  of  strong  liquid  acid  and  18 
pans  of  water  t  congeals  or  crystallixea  at  a  temperature  above  0^,  and 
remains  solid  even  at  7-2°  (45°  F,  )*  Lastly,  when  a  very  dilute  acid  18 
concentrated  by  evaporation  in  a  vacuum  over  a  surface  of  oil  of  vitriol, 
the  evaporation  stops  when  the  sulphuric  oxide  and  water  bear  to  e&ch 
other  I  lie  proportion  of  W)  to  54^ 

When  the  vapor  of  sulphuric  acid  is  paiised  over  red-hot  platinum,  ii  is 
decomposed  into  oxygen  and  sulpliiirous  Hcid,  St,  Claire  l^t^viUo  and  lie* 
bray  huve  recommended  this  process  for  the  preparation  of  oxygen  on  the 
large  scale,  the  sulphurous  acid  being  easily  separated  tiy  its  solubility  in 
wafor  or  alkaline  solutions.  , 

Sulphuric  acid  acta  readily  on  metallic  oxides;  converting  Ihem  into 
sulphiites.  It  also  decomposes  carbonntos  witJi  Ihe  greatest  CMse,  expelling 
carbon  dioxide  with  effervescence.  With  the  aid  of  heat  it  likewise  de- 
composes alt  other  salts  containing  acids  more  volatile  thai}  itself.  The 
sulphates  are  a  very  important  class  of  salts,  many  of  them  being  extcn- 
aiveJy  used  in  the  arts.  Most  sulphates  are  soluble  in  water,  but  they  are 
all  insoluble  in  alcohol.     The  barium,  calcium,  strontium,  and  le^d  salts 

liiivi|]|;;  t1i«<i  rtiimictm  of  nieriMip*  ncU\.  TtiA  wlilte  ttiljutanc©,  on  itn^JyiiJ*.  wjv«  foutii!  to  n.niain 
tht"  tMHTit'nfit  Iff  !«•>  inoti-tiilr*  *<f  ^ntphiirk' oxiftff^  ftiirl  (►IIP  of  nttrmiB  M3t^^-l^  lir  M. 

de  hi  fruviwiay**  vr^  iTi|rt'nlMti^|>  «>X|)lnJriK  ihi*  anomitlf»-M   lu  tlit-  tlincn^nt  ■<  ui' 

letiilt*!)  rliiMnber  prinluct.  Itj  Ntiowiriff  that  thi'  piiff  (iiil"nl«(in»  li'tniii  crjfhliill!;.  '  n- 

ttifHt  wttli  (Utrf'TiMit  pmjM^iiifitiM  of  •tili»liiiric  ncjd.    <ADn.  ritlm.  I'lty*.  Ixxiii.  i^>*.>    ^«>  h1«4» 
Wi-Iht  (Jatir*«trt'rii*tit  mr  Clu'ttiJe,  IfWa,  p.  T38;    1866,  |i.  WS;  Bnil.  »oc,  Oitm,  de  Pwrlv, 
1  2AJ 
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»re  insoluble,  or  very  slightly  soluble,  in  Wftter;  and  are  formcKl  by  pre- 
ctpilating  a  soluble  bhU  of  either  of  tbo»e  metals  with  sulphuric  ucu],  ^r  o, 
soluble  metallic  sulphate.  Barium  sulphate  is  quite  in^nlublo  in  vrntor; 
consequently  irulphurio  aoid.  or  ilH  soluble  saU^St  may  be  detected  with  the 
greatest  ea?fe  by  solution  of  btirium  nitrate  or  chloride;  a  white  prccipi* 
tale  is  thereby  produced  which  do«9  not  dissolve  iu  nitric  acid. 

HrPoauLFHCEOUs,  or  THioauLPiiuRrc  Acid. —By  digesting  sulphur  with 
a  solulion  of  poi&SBium  or  aodiuiu  sulphiie,  a  portion  of  ilmt  substance  iiii 
dissolved,  and  the  liquid,  by  slow  evuporatiou,  fiiruishei!s  erystnb  of  hypo* 
pulphlle  *  The  acid  itself  is  scarcely  known,  for  it  cannot  he  isolated: 
when  bydrnobloric  acid  is  added  to  a  solution  of  a  hyposulphite,  ibe  ricid 
of  the  Utter  is  almost  inslAUtly  resoU'inJ  into  (<ulpbur,  which  precipitates^ 
and  sulphurous  acid,  easily  recognized  by  it?  odor.  In  very  dilute  sola- 
tion,  howerer,  it  appears  to  remain  undecomposcd  for  some  time.  Tbtf 
most  remarkable  feature  of  the  alkaline  bypoMulphites  is  their  property 
of  dissolving  certain  insoluble  sfalt^  of  silver,  as  the  chloride  —  a  property 
which  has  lately  conferred  upon  them  a  eonstdernhlo  sJiare  of  import nnce 
in  r«lstion  to  the  art  of  phoiogranhy.  They  are  also  much  used  as  anli- 
ckhreit  for  removing  the  last  traoos  of  ohlurioe  from  bleached  goods. 

DiTHio?nc,  or  IlTPo«iiTLrHiTRTC  Acio.  —  This  acid  is  prepared  by  sus- 
pending finely  divided  manganese  dioxide  in  water  artificially  cooled,  and 
then  transmitting  a  stream  of  Hulp'iarou^  acid  gas;  the  dioxide  becomes 
roono&ide,  half  its  oxygen  converting  the  sulphyrous  Into  diihionic  acid.f 
The  manganese  diihiooate  thus  prepared  i«  decomposed  by  a  solution  of 
pure  barium  hydrate,  and  I  ho  barium  salt,  in  turn,  by  enougli  8ulpburio 
acid  to  precipitate  the  base.  The  solution  of  dithionic  acid  may  be  con- 
centrated by  evaporation  in  a  vacuum^  until  it  acquires  a  density  of  1347; 
Kushed  furiber,  it  decotnpo'jes  into  sulphuHo  and  sulphurous  acida.  It 
M  no  odor,  is  very  iour,  and  forms  soluble  Mtlta  with  baryta^  lime,  and 
lend  oxide. 

Tftirnto^to  Acin. — Aenbstance  aomdontally  formed  by  Langlois.J  in  the 
jweparation  of  potassium  hyposulphite,  by  gendy  healing  with  sulphur  a 
Isolation  uf  potassium  carbonate  saturated  wiih  sulphurous  acid.      1 1  is  also 
|>f,M!M..M<  hy  the  action  of  sulphurous  oxide   on   potassium  hyposulphite, j 
'  ar  a  great  resemblance  to   those  of  hyponulphurone  acid,  but 

'I  |»lctely  in  compoaiiion,  while  the  acid  itself  is  not  quite  so  prono 

to  ekaitge.  It  is  obtained  by  decomposing  the  poiussium  sail  with  hydro- 
lltiosilicif  acid:  it  may  be  concentrated  under  the  receiver  of  the  air-pump, 
but  is  grndually  decomposed  into  sulphur,  sulphurous  and  sulphuric  acid'a. 

Trrn*THiaHic  Ariti.  —  This  acid  was  discovered  by  Fordos  and  G^lis.  |] 
When  iodine  is  addi'd  to  a  solution  of  barium  hyposulphite,  a  large  qunntily 
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which,  besides  barium  iodide,  ebntains  barium  tetrathionate.*  Bjr  suitable 
means,  the  acid  can  be  eliminated,  and  obtained  in  a  state  of  solution.  It 
▼erj  closely  resembles  dithionic  acid.  The  same  aoid  is  produced  by  the 
action  of  sulphurous  acid  on  chlorine  disulphide. 

Pentathionic  Acid.  — Another  acid  of  sulphur  was  discovered  by  Wack- 
enroder,f  who  formed  it  by  the  action  of  hydrogen  sulphide  on  sulphurous 
acid.^  It  is  colorless  and  inodorous,  of  acid  and  bitter  taste,  and  capable 
of  being  concentrated  to  a  considerable  extent  by  cautious  evaporation. 

Under  the  influence  of  heat,  it  is  decomposed  into  sulphur,  sulphurous 
and  sulphuric  acids,  and  hydrogen  sulphide.  The  salts  of  pentathionic  aoid 
are  nearly  all  soluble.  The  barium  salt  crystallizes  from  alcohol  in  square 
prisms.  The  acid  is  also  formed  when  lead  dithionate  is  decomposed  by 
hydrogen  sulphide,  and  when  chlorine  monosulphide  is  heated  with  sul- 
phurous acid. 

Sulphur  with  Hydrogen, 

Hydrogen  Monosulphide;  Sulphtdric  Acid;  HrDROSULPBrRic  Acid; 
Sulphuretted  Hydrogen. — There  are  two  methods  by  which  this  important 
compound  can  be  readily  prepared,  namely,  by  the  action  of  dilute  sulphuric 
acid  upon  iron  monosulphide,  and  by  the  decomposition  of  antimony  tri- 
sulphide  with  hydrochloric  acid.  The  first  method  yields  it  most  easily, 
the  second  in  the  purest  state. 

Iron  monosulphide  is  put  into  the  apparatus  for  hydrogen,  already  seTeral 
times  mentioned,  together  with  water,  and  oil  of  vitriol  is  added  by  the 
funnel,  until  a  copious  disengagement  of  gas  takes  place.  This  is  to  be 
collected  over  tepid  water.     The  reaction  is  thus  explained :  — 


Iron  sulphide. 

Water      .     .     . 
Sulphuric  oxide 


{Sulphur 
Iron . 
f  Hydrogen" 
t  Oxygen 


Hydrogen  sulphide. 


Ferrous  sulphate.{ 


By  the  other  plan,  finely  powdered  antimony  trisulphide  is  put  into  a 
flask  to  which  a  cork  and  bent  tube  can  bo  adapted,  and  strong  liquid 
hydrochloric  acid  poured  upon  it.  On  the  application  of  heat,  a  double 
interchange  occurs  between  the  bodies  present,  hydrogen  sulphide  and 
antimony  trichloride  being  formed.  The  action  lasts  only  while  the  heat 
is  maintained. 


Hydrochloric  «,i<I    {^r! 
Antimony  sulphide.  {8»lP|;;';_^; 


Hydrogen  sulphide. 
-Antimony  chloride. || 


Hydrogen  sulphide  is  a  colorless  gas,  having  the  odor  of  putrid  eggs ;  it 
is  most  offensive  when  in  small  quantity,  when  a  mere  trace  is  present  in 
the  air.     It  is  not  irritating,  but,  on  the  contrary,  powerfully  narcotic 
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When  Bel  on  firo,  it  burns  with  a  blue  flame,  procluciag  sulphurous  acid 
when  lUe  fupply  of  air  ia  iibuiidant;    and  di'pottitiiig  sulphur  wht^n  \\\& 
ojcvgeu  i»  deticictit.     Mixed  with  elilorino,  it  i^  instant ty  deeompoacd,  with 
epitniUon  of  the  whole  uf  the  Hulphur. 
Tliii  gas  has  a  speciBc  gravity  of  1171  referred  Co  air,  or  17  referred  to 

ogen  a*  unity;  n  litre  woija^li»  l&HK^ll  (frnnip. 
Ijrc&'^ui'e  of  17  utmouphereg  at  10**  (50°  F. )  reduces  it  to  the  liquid  fnrin. 
\  waier  tlissolyea  its  own  vulum<*  of  hydrogiin  sulphide,  and  the  ^ulution 
often  directed  to  be  kept  »«  a  test;  it  jb  bo 
prone  to  decomposition,  however,  by  the  oxygen 
*  the  air*  that  it  quickly  spoils.  A  mudi  hotter 
ilah  is  to  keep  a  little  iippu^ratus  fur  generuting^ 
lie  gan  always  at  hand,  and  ready  for  iiHe  at  a 
Doment'B  notice.  A  »niull  bottle  or  fluntk.  to 
rhich  a  bit  of  bent  tube  i»  filled  by  a  cork,  ia 
applied  with  a  little  iron  sulphide:  and  water; 
rbeti  required  for  u«c*  a  few  drops  of  oil  of 
triol  are  added,  and  the  gas  is  al  once  evolved. 
lie  expcriiueiit  eouipleled,  tlie  Uriuid  i»  poured 
om  the  bottle,  replaced  by  a  lltrk*  clean  water,, 
1  the  apparatus  i?  agnin  ready  for  luf^e. 
P'otaflflium  heated  in  hydrogen  eulphide  byrna 
illi  great  energy,  becoiiiiug  converted  into  sulphide,  while  pure  hydrogen 
uiiains,  equal  in  volume  to  the  origm»il  gas.  Taking  this  act  into  accoMni, 
\i\  comparing  the  density  of  the  gas  with  those  of  hydrogen  and  i^ulphur 
fcpor,  it  appears  that  every  volume  of  hydrogen  Hulpliide  coutaiiis  one 
Irolume  of  hydrogen  and  half  of  a  volume  of  sulphur-vapor,  the  whole 
ondeDiied  into  one  vfitunie,  a  conntitution  precisely  analogous  *o  that  of 
er-vnpor.  Thi?*  corresponds  very  nearly  with  its  composition  by  weight, 
elermined  by  other  means  —  namely,  l<j  parts  flulphur  and  1  part  hydrogen. 
When  a  mixture  of  100  measures  of  hydrogen  sulphide  anfl  It'HJ  measures 
pi]r«  oiygen  is  exploded  by  the  electric  spark,  eouipleto  combustion 
ttcfi»  and  100  measures  of  sulphurous  ositle  gas  result, 
lydrogcn  ^dulphide  is  a  frequent  product  of  the  putrefaction  of  organic 
ktter,  both  animal  and  vegetable;  il  occurs  aUo  in  certain  mineral 
pritigs,  ai)  at  Harrogate,  and  elsewhere.  When  accidentally  present  in 
Be  atmosphere  of  an  apartment,  it  may  be  instautaueouBly  destroyed  hy  a 
Qall  quantity  of  chlorine  gas. 

There  are  few*  reagents  of  greater  value  to  the  practical  chemiat  than 
bis  substance:  when  brought  in  contact  with  many  metallic  solutions^  it 
jiTCB  rise  to  precipitates,  which  are  often  exceedingly  charncterijijtic  in 
ippearance,  and  it  frequently  affords  the  means  of  separating  metals  from 
other  with  the  greatest  precision  and  certainly.  The  precipitates 
oken  of  are  insoluble  sulpliides,  formed  by  ihc  mutual  decomposition  of 
bo  metallic  oxides  or  cldorides  and  hydrogen  sulphide,  water  or  Uydro- 
)iJoric  acid  beiug  produced  at  the  same  time.  All  the  metals  are  in  fact 
br«'cipitated,  whose  sulpliides  are  insoluble  in  water  and  in  dilulo  acids. 
Arsenic  and  cadmium  solutions  thus  treated  give  hrigli(  yidlow  preeipi- 
the  former  soluble,  (he  latter  insoluble,  in  ntfintnuiuttn  Mdphide;  tin 
J  give  a  brown  or  a  yellow  precipitate,  according  a'*  t!ie  tnetnl  is  in  the 
I  of  a  stannous  or  a  stannic  salt;  both  Boluble  in  aiiiniouiuiti  sulphide. 
Alimony  solutions  give  an  orange -red  precipitate,  soluble  in  ammonium 
nlphide.  Copper,  lead,  hisnuiih,  mereury,  and  silver  stilts  give  dark- 
rown  or  black  precipitates,  insoluble  in  ammonium  sulphide;  gold  and 
Aatinum  salt«,  black  precipitAleB,  eoluble  in  ammonium  sulphide. 

Hydrogen  sul/djide  possesaea  the  properties  of  i4ti  \kzvi\  \U  ft<A\k^\^ix  '\xl 
water  rcddenn  J/tmus-prnp^r, 
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The  best  test  for  the  presence  of  Ihiii  compoimd  h  paper  wetted  with 
auliitioti  uf  louil  acetate.  Ttiiii  suit  U  bUckeued  hy  tUe  smaUest  trftce  of 
(Jie  gH3* 

Ihjthogen  di'jtulphide,  —  This  Bubstance  correspondB  in  const ilutioo  ftnd 
in&tabilitjr  to  the  Lydrogcii  dioxide;  it  ifi  prepared  by  the  following  means: 

Eqyal  weights  of  sbkt'il  lime  and  flower  of  sulphur  are  bolted  with  5  or 
6  purlH  of  water  for  bulf  an  hour,  when  a  deep  o  range -colored  eolution  i« 
produeed,  contaiidtig,  iituong  other  thitigii,  CHlcium  disiilpbide,  Tbift  h 
fikered,  and  »lowlj  added  ro  an  excels  of  dilute  sulphuric  acid^  with  con- 
fiinijl  agitation.  A  while  precipilatc  of  tteparated  sulphur  and  calciuiri 
i4ul|diute  makes  its  ap|>earancet  together  with  a  quantity  of  yellow  oily- 
look  Irig  mat  tor,  wUlcb  eollecta  at  Ibe  bottom  of  the  vessel:  this  ia  hydro- 
gen ^ilHulphiJe.* 

If  tlic  expi-riment  be  conducted  by  pouring  the  a**)// into  the  solution 
the  8i)lphide,  then  nolliing  but  tinely  divided  precipitated  dulphur  la  ob- 
tained. 

Tlie  di»*ylphido  is  a  yellow,  viscid,  insfduble  liquid,  exhaling  the  od« 
of  sulphuretted  liydmgen;  hs  specific  gravity  is  Mt»9.  It  is  slowly  di 
composed  even  in  the  cold  into  sulphur  and  hydrogen  moDosulpbide,  and 
instantly  by  a  higher  teniperature,  or  by  contact  with  many  toelaUic 
oxides. 

Carbon  and  Sulphur, 

Carbox  DiflULPHiDE  OB  Bi^tri.PMiDE  f  —  A  white  porcelain  Inbe  Is  filled 
with  pieces  of  chureoal  which  huvu  been  recently  healed  to  redne»9  in  a 
covered  crucibli\  iiud  lixed  acroi^s  a  furnace  lu  a  t$U|£htly  incliued  position. 
Into  the  lower  extti'iiiiiy  a  tolerably  wide  tube  is  secured  by  the  aid  of  a 
cork;  this  tube  ht-uda  downward,  and  passes  nearly  to  the  bottom  of 
bottle  filled  wiih  fiugoicnis  of  ice  aud  a  little  water.  The  porcelain  tu~ 
being  hi<uted  to  a  bright  redness,  friigments  of  sulphur  are  thrown  inUi 
the  open  end,  which  lis  itiiniediately  afterwards  stopped  by  a  cork.  The 
sulphur  niefts,  and  becomes  converted  into  vapor,  which  at  that  high  tem- 
perature combines  with  the  carbou,  fortuing  an  exceedingly  volatile  com- 
pouud,  which  is  condensed  by  the  ice  and  collects  at  the  bottom  of  ihe 
Teasel.  This  is  collected  and  redigtillcd  at  a  Tcry  genlle  heat  in  a  retort 
connected  with  a  good  eondeniner. 

For  preparation  on  the  Urge  scale,  a  tubulated  earthen  retort  is  filled 
with  charcoal,  nnd  the  sulphur  is  dropped  in  through  n  porcelain  tube 
passing  through  (he  lubulus  and  reaching  nearly  to  the  bottom;  or  iha 
charcoal  is  contained  in  a  large  iron  cylinder,  and  the  sulphur  intTOduc 
til  rough  a  pipe  fitted  iuio  the  lower  part. 


of 
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*  Th&  rvftctfon  which  (fninci  wIipji  r«ldaai  hj<Sniit<>,  PiiTphur,  and  water  ar*  Twflw!  togvth 
\*  milM'T  I  Miti^nfrx,  Ui*ul|i'hi'l*i  or  iH^rjiasulphi^ii'^  oiciik-luni  W'itui  ffirnHtJ,  ti>|tvtitvr  with  c«ilda 
h>iMit«ut|ihitr,  »ri*itig  truin  ihe  irHtufor  ut  ihv  oxygon  of  tbt*  tiveumpiid^^i  liiii«  to  aootbier  |)u| 
tiuu  uj  »ul|9litir. 
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CartNMi  ^isnlphide  is  a  triLnsparent,  colorless  liqiiid  of  grcAt  refractife 
MXkd  dispersive  power.  Its  density  is  1-271!,  that  of  its  vapor  i§  2*<>7.  It 
boits  at  -13**  j^lltP  F, ),  iind  euiitH  vupor  of  coiiHirleralile  eliisticiiy  ul  coin- 
mon  temperalures.  Thin  substance  has  a  very  repulnivt?  urior.  Whcft  s^et 
oa  fire  in  th<j  «ir,  it  burns  with  a  blue  flame,  foriiiifig  Ofirbon  iljoxide  iiinl 
fulphor  dtoiide  ga9e»;  and  wbeti  its  vjipor  is  mixed  witii  ttxy^tm,  it  lie- 
ooiii«a  exploAiTtf.  Carbon  diMiiIpbidt%  wlieti  hetMed  willi  water  hi  Hk.  si^ulvd 
tube  to  about  153**  (W7'^  F.),  is  convertcti  into  oarbou  dioxide  and  hydrogen 
fulphide.  In  conflict  with  na^iceni  hyilrogen  (when  luxated  wiili  tluc  :ind 
dituto  $iulphiiric  acid  I,  it  xa  converted  into  a  white  erjsinnine  ^uliMtatnce 
conintniuj;?  carbon,  hydrogen,  and  ^tulphur.*  ery!*tallbing  in  s*«]imre  prisnis, 
in  '  '  '  '-u  water,  idcohol,  and  ether,  bnt  jioUihle  in  curhon  dinidphidc, 
-t  \ii(P  (HUi!"  F),  and  deeonipoHing  ut  2(10°.  Cnrbon  distdphido 
li_-  .  .-  jlvea  sulphur,  and  by  apontaneoii^ evaporation  deposits  the  iatter 
in  beautifnl  orystaU:  it  also  dietsolvea  pho!«phoru(i,  iodine^  eninphetrr  and 
oaoutcbouc,  and  mixes  eai*i!y  with  oils.  It  ib  extenj»ively  u^cd  in  ihe  vul* 
canitation  of  caoutchouc,  and  in  the  nmnufacture  of  gutta-pereha,  also 
for  extracting  bitumen  from  minorjil  siib^^lunees.  and  oil  frum  ^eeds. 

Carbon  dimilphide  unites  with  metaUic  *tutphidcM,  forming  salts  called 
tiUphoearhonatt*^  which  have  the  composition  uI  carbonate*  with  the  oxygen 
repl»eed  by  8ti1pUur.  By  treating  the  noitnontum  !<all  with  dilnle  »ulphitrio 
or  bydrocblorie  acid,  an  oily  acid  lii|uid  is  precipitated,  conbisUng  of 
hjdi'ogen  aulpbocarbouate,  or  liulphocarbonic  auid.'l' 

Compound*  of  Sulphur  with  Chhrim, 

Wh«ii  drjr  ohlorine  ia  passed  over  the  surface  of  snlphuT  k(»pt  melted  in 
a  Bfoall  glasa  retort  connected  with  a  good  condensing  arrnngement,  a  deep 
orange-yellowr  mobile  lii|Utd  di»iil9  over,  buying  a  peculiar  and  dif^ngree- 
able  odor,  and  boiling  at  l-^ii°  {2^9  F.)«  A»  thii»  »nb9tance  dist^olvea  bolh 
sulphur  ond  chlorine,  it  is  not  easy  to  obtain  it  in  a  pure  and  definite 
•Late.  U  contains  3:2  parts  sulphur  and  tto'd  chlorine,  and  ijijcnUed  miphur 
mtnwchtoride  (or  guhrhhridff)^  also  chlormr  hi»ulphiiif.  \ 

It  is  iiiBtantly  decomposed  by  water,  hydrochloric  and  bypoFulphnrous 
acids  being  formed,  and  sulphur  separated.  The  bypoiulphurous;  acid  in 
its  turn  decomposes  into  sulphur  and  sulphurous  acid,  J  Hy  exposing  the 
above  compound  for  a  considerable  time  In  the  action  of  chlorine,  nnd  then 
difttilling  it  in  a  stream  of  the  gas,  a  deep-red  liquid  is  oblainesi,  at  a  cer- 
tain stage  of  the  distillation,  heavier  than  water,  boiling  at  lt>4**,  and  con- 
plaining  twice  as  much  clilurine  as  the  mono  chloride,  hence  called  »uiphnr 
difhhindt'  or  chlnrinf  morn^Kulphide.^  It  appears,  however,  to  be  not  a  definite 
compound  of  sulphur  and  chlorine,  but  a  mixture  of  the  precediug  wilh 
the  following  compound. 

A  compound  catted  nulphitr  tetrarhtoridf^^  containing  32  parts  of  sulphur 
to  142  parts  of  clilorine,  nppears  to  exist  m  comhination  with  certnin  me- 
tallic  chlorides,  but  is  not  known  in  tlie  Bcparale  state.  According  to 
Cariu%**  the  red-brown  litinid.  obtained  as  above  mentioned  by  siiturating 
chlorine  diaulphide  with  chlorine,  is  a  mixture  of  tho  tnonochloride  and 

*  CSHr 

f  (Mcfam  cftrtHnmtii     .    ,    ,    ro<Ca       —       CX^CaO 

Q*droc»n  >nUiibo-ci*rl]K>uftto  f'J^,,tlf        :r       C8,  UjS 

I      S^Xam^  -    mot     +      s-      +      aji>jn5     (orSOjHj  -i-      bi 

talnliur    Walur.    IIyt1n»rhloric     giili»har.  llrpoMql-    eulpliurom       MX^Viax. 

moncHAtlorttlc.  aokL  phuroms  •nld,     auW. 

t'Aon,  CiK  Phurut.  cri.  381;  ex.  SOO;  9a9*lao  Watti'i  DlcUouary  ol  CburnVfttti, ^ >WS\» 
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tetrachloride  in  Tarious  proportions,  according  to  the  temperature  at  which 
the  saturation  is  effected. 

Carbon  Oztohloripe.*  —  This  compound,  also  called  phMgmMga^  has 
been  already  mentioned.  It  is  produced  by  the  direct  combination  of 
chlorine  and  carbon  monoxide  under  the  influence  of  sunshine:  but  is 
more  easily  prepared  by  passing  carbon  monoxide  into  boiling  antimony 
pentachlorides.    It  must  be  received  oyer  mercury,  as  water  decomposes  it 

Carbon  SuLPHOCHLORioE.f — This  compound,  the  sulphur-analogue  of 
the  preceding,  is  produced,  together  with  chlorine  monosulphide,  by  the 
action  of  dry  chlorine  on  carbon  disulphide,  J  or  by  passing  a  mixture  of 
hydrogen  sulphide  and  vapor  of  carbon  tetrachloride  through  a  red-hot 
tube.}  It  is  a  yellow  liquid  haying  a  yery  irritating  odor,  not  acted  upon 
by  water  or  acids,  but  decomposed  by  potash,  yielding  potassium  sulphide, 
potassium  carbonate,  and  carbon  tetrachloride.  || 

Sulphur  and  Bromine.  —  Bromine  dissolves  sulphur,  forming  a  brown- 
red  liquid  probably  containing  a  sulphur  bromide  analogous  to  sulphur 
monochloride ;  but  it  has  not  been  obtained  pure. 

Sulphur  and  Iodine.  —  These  elements  combine  when  heated  together, 
even  under  water.  The  resulting  compound,  containing  82  parts  of  sulphur 
and  127  parts  of  iodine,^  is  a  blackish-gray  radio-crystalline  mass,  resem- 
bling native  antimony  sulphide.  It  decomposes  at  higher  temperatures, 
gives  off  iodine  on  exposure  to  the  air,  and  is  insoluble  in  water.  By 
heating  254  parts  of  iodine  with  82  parts  of  sulphur,**  a  compound  is 
obtained  which  smells  like  iodine,  and  is  said  to  be  a  powerful  remedy  in 
skin-diseases.  A  cinnabar-red  sulphur  iodide  is  obtained,  according  to 
Grosourdi,  by  precipitating  iodine  trichloride  with  hydrogen  sulphide. 


BfiLKHlUM. 


This  is  a  very  rare  substance,  much  resembling  sulphur  in  its  chemical 
relations,  and  found  in  association  with  that  element  in  some  few  localities, 
or  replacing  it  in  certain  metallic  combinations,  as  in  the  lead  selenide  of 
Clausthal  in  the  Hartz. 

Selenium  is  a  reddish-brown  solid  body,  somewhat  translucent,  and  hav- 
ing an  imperfect  metallic  lustre.  Its  specific  gravity,  w^hen  rapidly  cooled 
after  fusion,  is  4-8.  At  100°,  or  a  little  above,  it  melts,  and  boils.  It  is 
insoluble  in  water,  and  exhales,  when  heated  in  the  air,  a  peculiar  and 
disagreeable  odor,  which  has  been  compared  to  that  of  decaying  horse- 
radish :  it  is  insoluble  in  alcohol,  but  dissolves  slightly  in  carbon  bisulphide, 
from  which  solution  it  crystallizes. 

Two  oxides  of  selenium  are  known.  The  one  containing  the  smallest 
proportion  of  oxygen  is  formed  by  the  imperfect  combustion  of  selenium 
in  air  or  oxygen  gas.  It  is  a  colorless  gas  which  is  the  source  of  the  pe- 
culiar horse-radish  odor  above  mentioned.     Its  composition  is  not  known. 

The  higher  oxide,  called  teUnioiu  oxide,  is  produced  by  burning  selenium 


ooci,.  tcscv 

C8,  -h  CI4           =  CSClt           +  sew. 

CCL  -f  SHt           =  2HCf           +  CSOf 

2C8bt  +  8K,0  =      2K#      +      ^^*^  ^  ^^ 
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79*4    +    48+2      or  1114  +  18 


to  %  Bfream  of  oxvgen  giia;  it  contJiins  79*5  parts,  by  weight,  of  selenium, 
aii<l  '^"I  of  osygori.  It  is  a  while  solid  tiubstiLuce  whiclti  ftbsorbs  \¥ifcler 
rapidly,  farming  ik  hydrate^  Yi2. : 

BeleofiUD.    OxygeD.    HydrofetL    Belonloiu     W^titr. 

Selenioua    acid,    or  '^^ 
Hydrogen  eeleiiite  J 

This  itcid,  analogoua  in  composrition  ami  properties  to  eulphurouH  ftcid,  » 
likewise  produced  by  dis^solving  seletiitim  in  nitric  or  nitru-miiriiitic  ncid. 
tt  i»  deposited  from  its  liot  aqueoua  eolution  by  slow  cooling  in  prismatic 
crystab  like  tho^e  of  ^akpetre;  but  when  tbe  solutiou  is  cvupuratcd  to 
dryness,  the  tielenioaa  aoid  is  resolved  iuio  water  and  i<elenious  oxide,  which 
fiublimes  at  a  higher  teoiperature. 

Seleoiotis  acid  is  a  very  powerful  acid,  approximating  to  pulphoric  acid 
in  the  energy  of  its  re  net  ions.  It  riiddens  litmus,  de  com  poises  carbonates 
with  cffenrescence,  and  decompo^icn  nitnrtes  and  chlorides  with  ai<l  i>f  heat. 
Ita  solution  precipitates  lead  and  sifyer  tiii\i»,  and  ia  decompoi^oil  by  hydro- 
gen sulphide,  yielding  a  precipitate  of  seltnium  sulpbide.* 

The  metallic  sclenites  resemble  the  sulphites.  When  heated  with  aodium 
earbonato  in  the  inner  blowpipe  flumes,  they  emit  the  cliuracteristic  odor 
of  selenium.    They  arc  ntit  decompo!«ed    by  boiling  with   hydrochloric  acid. 

Srtintc  Aetd  is  a  more  highly  oxidised  acid  of  selenium,  analogous  to 
snlpfauric  acid,  and  contuining  7tJ*4  parts,  by  weight,  of  selenium^  114  of 
oxygen,  and  2  of  hydrogen. f  The  corresponding  anhydrous  oxide  is  not 
known.  Selenie  ftcid  is  prepared  by  fu^&g  potaiAium  or  sodium  nit  rale 
with  8(i<lenitjm,  precipitating  the  selcnate  so  produced  with  a  lead  «ttlt,  and 
then  decomposing  the  compound  with  hydrogen  sulphide.  The  acid  strongly 
re«etAbles  oil  of  vitriol;  but,  when  very  much  concentrnted,  decomposes, 
by  the  application  of  heat,  into  srelenious  acid  and  oxygen.  The  nelenatcs 
bear  the  closest  analogy  to  I  he  sulphates  in  almost  every  particular.  They 
are  decompoied  hy  botling  with  hyilrochloric  ucid,  chlorine  being  evoWed 
nod  a  salt  of  selenious  acid  being  produced. 

HtDBOQKX    SBLBMtnC;     StLlcyHTDRIC    At!tD;     BfeLKKETTtD     HYDBCnEif. 

This  substance  is  produced  by  the  notion  of  dilute  sulphuric  acid  upon  po- 
tassium or  iron  selenide.  It  very  much  resembles  sulphuretted  hydrogen, 
being  a  colorless  gns,  freely  solulile  in  water*  and  decomposing  metallic 
ftolntions  like  that  substance:  insoluble  selenides  are  thus  produced.  This 
gas  is  said  to  act  very  powerfully  upon  the  lining  membrnne  of  the  nose, 
exciting  catan-hal  symptoms,  and  dei^troying  the  sense  of  smell.  It  contaioa 
79*4  puts  Belenium  and  2  partd  hydrogen. { 


TELLmtniir. 

This  element  possesses  many  of  the  characters  of  a  metal,  but  it  bears 
•o  close  a  resemblance  to  selenium,  both  in  its  physical  properties  and  its 
chemical  relations*  thai  it  is  most  spprnpriately  placed  in  the  same  group 
with  that  body«     Tellurium  is  found  in  a  few  scarce  minerals  in  association 


•   8eQ|Ht     +       ^Hf       =       30H,       + 
McttioQi  tryilrfHcen  W»ter. 
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with  gold,  BiWer,  lead,  and  bismuth,  apparently  replacing  sulphur,  and  is 
most  easily  extracted  from  the  bismuth  sulpho-telluride  of  Chemniti  in 
Hungary.  The  finely  powdered  ore  is  mixed  with  an  equal  weight  of  dry 
sodium  carbonate,  the  mixture  made  into  a  paste  with  oil,  and  heated  to 
whiteness  in  a  closely  covered  crucible.  Sodium  telluride  and  sulphide  are 
thereby  produced,  and  metallic  bismuth  is  set  free.  The  fused  mass  is  dis- 
soWed  in  water,  and  the  solution  freely  exposed  to  the  air,  when  the  sodium 
and  sulphur  oxidixe  to  sodium  hydrate  and  hyposulphite,  while  the  tellu- 
rium separates  in  the  metallic  state. 

Tellurium  has  the  color  and  lustre  of  siWer ;  by  fusion  and  slow  cooling 
it  may  be  made  to  exhibit  the  form  of  rhombohedral  crystals  similar  to 
those  of  antimony  and  arsenic.  It  is  brittle,  and  a  comparatively  bad  con- 
ductor of  heat  and  electricity :  it  has  a  density  of  6*26,  melts  at  a  little 
below  a  re  d-heat,  and  volatilizes  at  a  higher  temperature.  Tellurium  bums 
when  heated  in  the  air,  and  is  oxidized  by  nitric  acid. 

Tellurium  forms  two  oxides,  analogous  in  composition  to  the  oxides  of 
sulphur,  and  likewise  forming  acids  by  combination  with  water. 

Oomposition  by  weight* 

, ' » 

Telluriam.    Oxjgen.    Hjrdrogaa. 
Tellurous  oxide     .        .        .128    +     82 

acid  .         .  128    4-48    +    2 

Telluric     oxide     .        .        .     128    +     48 

acid    .        .        .         128     +     64    +    2 

Tbllubous  Oxide  may  be  prepared  by  heating  the  precipitated  acid  to 
low  redness.  It  also  separates  in  semi-crystalline  grains  from  the  aqueous 
solution  of  the  acid  when  gently  heatea;  more  abundantly  and  in  well 
defined  octohedrons  from  the  solution  of  tellurous  acid  in  nitric  acid.  It 
is  fusible  and  volatile,  slightly  soluble  in  water,  but  does  not  redden  litmus. 
When  fused  with  alkaline  hydrates  or  carbonates,  it  forms  tellurites. 

Tellurous  Acid  is  best  obtained  by  decomposing  tellurium  tetrachloride 
with  water.  It  may  also  be  prepared  by  dissolving  tellurium  in  nitric  acid 
of  spec.  gr.  1*25,  and  pouring  the  solution,  after  a  few  minutes,  into  a 
mass  of  water.  By  either  process  it  is  obtained  as  a  somewhat  bulky  pre- 
cipitate, which,  when  dried  over  oil  of  vitriol,  appears  as  a  light,  white, 
earthy  mass,  having  a  bitter  metallic  taste.  It  is  slightly  soluble  in  water, 
more  easily  soluble  in  alkalies  and  acids,  the  nitric  acid  solution  alone  being 
unstable.  Sulphurous  acid,  zinc,  phosphorns,  and  other  reducing  agents, 
precipitate  metallic  tellurium  from  the  acidified  solution  of  tellurous  acid. 
Like  selenious  acid,  it  is  decomposed  by  hydrogen  sulphide  and  alkaline 
sulph-hydrates,  with  formation  of  a  dark-brown  tellurium  sulphide,  which 
dissolves  readily  in  excess  of  alkaline  sulph-hydrate,  forming  a  sulpho- 
tellurite. 

Tellurous  acid  is  a  hydrate  in  which  the  ncid  and  basic  tendencies  are 
nearly  balanced ;  in  other  words,  the  tellurium  of  the  compound  can  replace 
the  hydrogen  of  an  acid  to  form  tellurous  salts,  and  the  hydrogen  of  the 
compound  can  be  replaced  by  the  basylous  metals,  to  form  metallic  tellu- 
rites-f    The  tellurites  of  potassium,  sodium,  barium,  strontium,  and  cal- 

•  Tellurous  oxide  TeOw 

acid    TeOjH,    =    ToOt-OH,. 

Telluric    oxide  TeO^ 

acid    Te04Ht    =    TeOs-OH,. 


f     TKLLVRniH  Salts. 

Te(804),    Sulphate. 

Te(N0t^>4  Nitrate. 

Te(C^04)g  Oxalate. 

T9CL        Chloride. 


TKLLURirn. 
TeOsHt         Hydrogen  tellurite. 
TeOsK^       PutaMium  tellurite. 
TeOyKu      W^dronuaxidpotaminm  tellwita 
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eiUDi,  are  formed  bj  fusing  telluroua  dxide,  or  acid,  witli  the  curbooatea 
of  the  ftcvernl  metals  in  (iie  required  propoHioiis,     Tbeae  tdlurkeg  ure 
aU  more  or  less  Bolyblc  iti  water.     The  mDuritcei  of  the  other  met4iUf  which 
B^  insoluble^  arc  obtained  by  precipitin) on. 

^  TiLLcaic  OxiDB  ANt>  AciD. — Equal  paHs  of  telliirous  oridc  and  Bodium 
Bfcrbottate  are  fui»ed,  and  the  prodtiot  i»  disr^olved  in  water;  a  little  sodium 
H^dr&te  is  added,  aad  a  alream  of  chlorine  passed  through  the  solution. 
Bpe  liquid  ia  next  saturated  with  aiuTuonia,  find  tuixed  with  soluiion  of 
^wrium  chloride,  by  which  a  white  insoluble  prccipiiiite  of  barium  lellurale 
Bp  throfTD  down.  This  is  washed  and  digei^ted  with  a  quarter  of  it»  weight 
Bf  fiulphuric  acid,  and  diluted  with  water.  The  filtered  hoIuMou  give:',  on 
Bvaporation  in  the  air,  large  crjt^tab  uf  telluric  acid^  containing  water  of 
^■rystalliiation.* 

■  Crjsialliied  telluric  acid  is  freely,  although  plowly,  aolublo  in  ivater;  it 
HUks  a  meiallic  taste,  and  reddens  lituHis-papen  Tlie  crj^tttls  give  off  their 
nrater  of  cryat&Ilization  at  HX^,  and  the  renmining  aeid.  when  strongly 
^■eated,  giTeti  off  more  water  and  jielda  the  anhydrous  oxide,  which  iBtheii 
Hbiaoluble  In  water,  and  even  in  a  boiling  alkuline  liquid.  At  the  tenipernture 
Hf  ignition,  telluric  oxide  losies  oxygen,  and  pas^ie^  into  tellurooH  oxide. 
H  The  telluratea  of  the  alkali-metaUf  are  sohible  in  water,  and  are  prepai;ed 
Bj  diaaolring  the  required  quantities!]  of  tethiric  acid  and  an  alkaline  car- 
Bonate  in  hot  water.  The  other  tellurates  are  insoluble,  and  are  obtained 
B|-  precipitatioQ, 

■  Tblluilxum  8ui^pmi»K0.t  —  Tellurium  forms  two  sulphides,  analogoua  m 
Composition  to  the  oxides;  they  are  forracd  by  the  action  of  hydrogen  aul- 
^bhide  on  solutions  of  teIlurou»  acid  nud  telluric  acid  rcnpectively.  They 
Bre  brown  or  black  aubiitancett,  which  unite  with  metallic  sulphtdea,  forming 
^bita  called  aulpbotellurites  and  sulphotelluratea. 

B^HTDfLOGix  TKLHTTtniE.  —  Tdturhydric  acifl,  IhjdrolfUurk  add,  or  Tellurttttd 
Wfydr&gtn.\  —  Thin  compound  i^  a  gUH,  rei^emhling  aulpburctted  and  i*eleni- 
Htted  hydrogen.  It  is  prepared  by  ihe  action  of  hydrochloric  acid  on  sine 
Bdluride.  It  dissolves;  in  water,  form  in  g  a  colorki^a  liquid,  whiidi  precipi- 
H^es  most  metals  from  their  solutions,  and  depomts  tellurium  on  exposure 
^■tbc  ftir. 

H  TsLtUBTUM  Chlorides.  [[^-Tellurium  forma  a  dichlorlde  and  a  tetra- 
Bbloridt%  both  Tolttfilc  and  dccooipoaableby  excejis  of  water,  the  latter  being 
Bompletely  resolve*!  into  tcllurous  and  hydrochloric  acids.^  The  tcira- 
^Uiloride  unites  with  the  chloride!}  of  the  alkali-metals,  to  form  cry atalllz able 
Hkuble  Baits. 

The  trntmidt*  and  iodidtJi  0/  tdlurium  correspond  lo  the  chlorides  in  prop- 
ertica  and  composition. 

H^  •  Oyitallitrd  t.«!liirifl  (u^Id,  TiO^IIi^SOH,;  iidd  dried  nt  10O°.  T«0«n|. 

^^__  f  Nmttrnl  ikjIumIuiii  t«llurMt«»        ....        Tt-O^K^ 

^^K  AtritI T^Hi^KU 

^^^K  QitiKlrficld      .  ......        TrO^KIJTcOiD, 

^^^K  AoliydruUK  fiiiAdriU^nurat« T«<J|K^«tTi;a|. 

^^^V  t  TeBg  fttid  TirSf  \  TcEt^  I  T«C]«  aad  TcGV 

^^H  \T^      +       3U^    ^    41JC1  +        TeO^Ug. 
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This  element,  the  basis  of  boric  or  boracic  acid,  is  prepared  by  heating 
the  doable  fluoride  of  boron  and  potassium  with  metallic  potassium  in 
a  small  iron  vessel,  and  washing  out  the  soluble  salts  with  water.  It  is  a  dull, 
greenish-brown  powder,  which  bums  in  the  air  when  heated,  producing 
boric  oxide.  Nitric  acid,  alkalies  in  the  fused  state,  chlorine,  and  other 
agents,  attack  it  readily. 

By  a  process  analogous  to  that  adopted  for  the  preparation  of  the  diamond 
variety  of  silicium,  Wohler  and  Deyille  have  procured  also  the  correspond- 
ing  modification  of  boron.  It  crystallixes  in  square  octohedrons,  generally 
of  a  brownish  color,  possessing  very  nearly  the  hardness  and  refractive 
power  of  diamond.  It  is  infusible  in  the  flame  of  the  oxy-hydrogen  blow- 
pipe, but  burns  in  oxygen  at  the  same  temperature  at  which  the  diamond 
is  oxidized.     Its  specific  gravity  is  2-68. 

By  fusing  boric  oxide  with  aluminium,  Wohler  and  Deville  likewise  ob- 
tained, together  with  diamond  boron,  a  small  quantity  of  graphite-like 
substance  which  they  at  first  regarded  as  a  graphitoidal  modification  of 
boron ;  but  by  more  recent  experiments,  they  have  found  that  it  is  a  com- 
pound of  boron  with  aluminium.  This  compound  is  obtained  in  larger 
quantity  by  passing  the  vapor  of  boric  chloride  over  fused  aluminium.  It 
crystallixes  in  thin  opaque  six-sided  plates,  having  a  pale  copper-color,  and 
perfect  metallic  lustre. 

BoRio  Oxide  and  Acid.* — There  is  but  one  oxide  of  boron,  namely, 
boric  oxide,  containing  11  parts  of  boron  and  48  of  oxygen.  It  unites 
with  water  and  metallic  oxides,  forming  boric  acid  and  metallic  borates. 

Boric  or  Boracic  Acid^  or  Hydrogen  Borate,  contains  1 1  parts  boron,  48 
oxygen,  and  8  hydrogen,  or  7  parts  boric  oxide,  and  54  water.  It  is  found 
in  solution  in  the  water  of  the  hot  volcanic  lagoons  of  Tuscany,  whence  a 
large  supply  is  at  present  derived.  It  is  also  easily  made  by  decomposing 
with  sulphuric  acid  a  hot  solution  of  borax,  a  salt  brought  from  the  East 
Indies,  consisting  of  sodium  borate. 

Boric  acid  crystallizes  in  transparent  colorless  plates,  soluble  in  about  25 
parts  of  cold  water,  and  in  a  much  smaller  quantity  at  the  boiling  heat; 
the  acid  has  but  little  taste,  and  feebly  affects  vegetable  colors.  When 
heated,  it  loses  water,  and  melts  to  a  glassy  transparent  mass  of  anhydrous 
boric  oxide,  which  dissolves  many  metallic  oxides  with  great  ease.  The 
crystals  dissolve  in  alcohol,  and  the  solution  burns  with  a  green  flame. 

Glassy  boric  oxide,  in  a  state  of  fusion  requires  for  its  dissipation  in 
vapor  a  very  intense  and  long-continued  heat ;  the  aqueous  solution  cannot, 
however,  be  evaporated  without  very  appreciable  loss  by  volatilization: 
hence  it  is  probable  that  the  acid  is  far  more  volatile  than  the  anhydrous 
oxide. 

By  heating  in  a  glass  flask  or  retort,  1  part  of  vitrified  boric  oxide,  2  of 
fluor-spar,  and  12  of  oil  of  vitriol,  a  gaseous  boron  ftuoridef  may  be  obtained, 
and  received  in  glass  jars  standing  over  mercury.  It  is  a  transparent  gas, 
easily  soluble  in  water,  and  very  heavy ;  it  forms  a  dense  fume  in  the  air,  like 
the  fluoride  of  silicium. 

Boron  Nitride.  J  —  This  compound,  containing  11  parts  of  boron  and  14 
of  nitrogen,  is  produced  by  heating  boric  oxide  with  metallic  cyanides,  or 

*  Boric  oxide,  Bfi^.    Boric  acid,  B/H,  3E^,  or  W^JEL^ 
f  Bi^g.  X  UU. 
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Ing  to  bright  redness  a  luiKture  uf  e^al-ammotiiaQ  aud  pure  anhj- 
[  borai**     It  is  a  white  ttmorphoiis  powder,  iiiHoluble  iu  water,  infua- 
i  and  nou-ToUlile.    When  heated  in  a  current  of  **rtfarti,  it  jicld»  niitmonia^ 
and  buric  oxide, f  and  likewise  gives  off  a  large  quanlitj  of  ammonia  when  fl 
fu'^ed  wilU  potaali.  " 

Boron  Chlf>ri*lt\  was  formerly  Indieveil  lo  be  a  permanent  gas:  recent  re- 
Mearclies  have  proved  that  it  is  a  liquid,  boiling  lit  17°,  decouipnaed  by 
waiett  with  prodiieiion  of  borie  and  hydraohloric  acidis,  anti  fuming  ntronglj 
in  the  air»  It  may  be  moat  eaiiily  obtained  by  exposing  to  the  aetion  of 
drj  chlorine  at  a  very  high  tewpeiumre  an  intimate  niiityre  of  glassy 
boric  oxide  and  charcoal.  It  resfmble^  iu  constttutioii  the  lower  chloride 
>  of  phosphor  UK. 

Tli/eT«  ia  also  a  Bo^nm  bromidt^  of  similar  oo&stitution. 


I 
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Sllicium,  sometimes  called  silieon,  in  union  with  oxygen  conBtiiuting 
silica,  or  the  earth  of  flints,  ia  a  very  abyndatit  uubstancer  and  one  of  great 
importance.  It  enters  largely  into  the  composition  of  many  of  the  rocks 
and  mineral  masses  of  which  the  an r face  of  the  earth  ih  comyjosed.  The 
foHowing  process  yields  aillcium  most  readily.  The  double  fluoride  of  si- 
Uoiiun  and  polaaaiutn  is  heated  in  a  glass  tube  with  nearly  its  own  weight 
of  metallic  potassium;  violent  reaction  ensues^  and  siHcium  ig  set  free. 
When  cold,  the  contents  of  the  tube  are  put  into  cold  water,  which  removes 
Ihe  saline  matter  and  any  res^idual  potaM^iuiu,  and  leaves  the  silicium  un- 
touched. So  prepared,  silicium  is  a  dark-browu  powder,  destitute  of  lustre. 
Heated  in  the  air,  it  burns,  and  becomes  supeificiftUy  converted  into  silica. 
It  19  also  acted  upon  by  sulphur  and  by  chlorine.  When  silicium  is  ntrongly 
heat«d  in  a  covered  crucible,  its  properties  arc  greatly  changed;  it  becouies 
darker  in  color,  denser,  and  incombustible,  refusing  to  burn  even  when 
heated  by  the  flame  of  th«  oxy- hydrogen  blowpipe. 

According  to  recent   researches  by  Wobler  and   Deville,   silicium,  like 
carbon,  is  cupahle  of  exinting  iu  three  different  moditications.      The  inodi- 
fioaiioQ  above  mentionerl  corresponds  to  the  amorphous  variety  of  carboti  ^ 
(lampblack).     The  researches  just  quoted  have  established  the  existence  of  fl 
modifications  corresponding  t,p  the  diamond,  and  to  the  graphite  variety  V 
of  carbon.     The  diamond  modification  of  silicium  is  most  readily  obtained 
by  introducing  into  a  red-hot  crucible  a  mixture  of  3  parts  of  potassium 
9ilico«t]uoride,  1  part  of  sodium  in  small  fragments*  and  1  part  of  grunu-  ^ 
lated  line,  and  heating   to   perfect   fusion.     t>n  slowly  cooling,  there  ia  H 
formed   a  button   of  line,   covered   and   interspersed   with   needlc'sbaped 
erjatals  consisting  of  octohedrona,  joined  in  the  direction  of  the  axis.    This 
oryntallized  silicium,  which  may  be  readily  freed  from  stinc  by  treatment 
with  acids,  resembles  cryslalliued  hiiematite  in  color  and  appenranee:   it 
kicbes  glass,  and  fuses  at  a  temperature  approaching  the  melting-pomi 
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of  c&si  iroa.  The  graphite  modification  of  ftilicium  is  prepnred  bj  fusing, 
in  &  HcHsian  crucible,  5  parts  of  soluble  glass  (pot^i^siuin  silicate),  10  parts 
of  crjolite  (sodium  and  aluminium  fluoride),  with  1  part  of  aluminium. 
On  Ireating  the  resulting  button  of  aluminium  with  hydrochloric  acid,  the 
siticium  remains  in  the  form  of  scaly  cryslals,  resembling  graphite,  but  of 
somovvhat  brighter  color,  i«cratching  gla@N,  like  the  previous  modification. 
It  is  infusible.     Its  specific  gravity  is  ii-49. 

Silica^  or  Silicic  Oxii>e»  —  This  is  the  only  known  oxide; 
it  contains  28  parts  silicium  and  H'l  parts  oxygen.*  Color- 
less transparent  rock-cryatftl  consists  of  silica  very  nearly 
in  a  state  of  purity;  common  quarts,  agate,  chalcedony, 
iiui,  and  several  other  minerals,  are  aleo  chiefly  eomp<>B«d 
of  this  substance. 

The  experiment  about  to  be  described  furnishes  Bilicii  in  m 
state  of  complete  purity,  and  at  the  i*ame  time  exhibits  one  of 
tSii'  iJiost  remarkable  properties  of  silicium^ — namely,  its  at- 
ruu  tion  ForHuorine.  A  mixture  is  made  of  equal  parts  fluor- 
e«pur  and  gla^s,  both  finely  powdered  and  introduced  into  a 
glass  flask,  with  a  quantity  of  oil  of  vitriol,  A  tolerably 
wide  bent  tube,  fitted  to  the  fiaek  by  a  cork,  passes  to  the 
bottom  of  a  gla^s  jar,  into  which  enough  mercury  ts  poure<2 
to  cover  the  extremity  of  the  lube.  The  jar  is  then  half  filled  with  water, 
and  heat  is  applied  to  the  fia^k. 

The  first  effect,  is  the  diBciigagement  of  hydrofluoric  acid :  thifl  sub* 
stance,  however,  finding  itself  in  contact  with  the  silica  of  the  powdered 
glasst,  undergoes  decomposition^  water  and  silicium  fluoride  being  produced. 
The  latter  is  a  permanent  gas,  which  escapes  from  the  flask  by  the  bent  lube. 
By  contact  with  a  large  quantity  of  water,  it  ig  in  turn  decomposed,  yield* 
ing  silica,  which  separates  in  a  beautiful  gelatinous  condition,  and  an  acid 
liquid,  which  is  a  double  silicitim  and  hydrogen  fluoride,  commonly  called 
hydrofluosilicio  or  silicoflnoric  acid.f  The  silica  may  he  collected  on  a 
cloth  filter,  well  washed,  dried,  and  lieateil  to  redness  to  expe!  water. 

The  acid  liquid  is  kept  as  a  test  for  barium  and  potassium,  with  which 
it  forms  nearly  insoluble  precipitates,  the  double  fluoride  of  silicium  and 
potassium  being  used,  ns  was  staled,  in  the  preparation  of  silicium.  Sili- 
cium fluoride,  instead  of  being  condensed  into  water,  may  be  collected  over 
mercury:  it  is  a  permanent  gas,  destitute  of  color,  and  very  heavy*  Ad- 
milted  into  the  air,  it  condenses  the  moisture  of  the  latter,  giving  rise  to  a 
thick  white  cloud.  It  is  important  in  the  experiment  above  described  to 
keep  the  end  of  the  delivery-tube  from  touching  the  water  of  the  jar,  other- 
wise it  almost  instantly  becomes  stopped  :   the  mercury  efl"ects  this  object. 

Pure  Silica  may  also  be  prepared  by  another  method,  which  is  very  in- 
Btructive,  inasmuch  as  it  Is  the  basis  of  the  proceeding  adopted  in  the  ana- 
lysis of  all  siliceoos  minerals.  Powdered  rock-crystal  or  fine  sand  is 
mixed  with  about  three  limes  its  weight  of  dry  sodium  carbonate,  and  the 
mixture  fused  in  a  platinum  crucible.  When  c"ld,  the  glassy  mass  is  boiled 
with  water,  by  which  it  is  softened  and  almost  entirely  dissolved.  An  ex- 
oeaa  of  hydrochlorio  acid  is  then  added  to  the  filtered  liquid,  and  the  whole 
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f  (1)  Reaction  of  hydro-fluoric  (w;id  niioo  sWca  : 

QydroHaorfc  SIUcr.         W«I«r.  Silicium 

•fitd.  Soorfd«^ 

(2)  i>«eompo§iUuti  {;f  fluoride  ofiiiliHtiiu  by  wAt^r: 
«Fj      4-        Oil,      =      SiO,      +     2tt¥,ai¥* 
aUicimm  Water,  SlUca,         H^droftwo- 
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e^Aporftied  to  complete  dryness.  By  this  treatment  the  gelatmoua  siliGA 
thrown  down  bj  the  acid  becomes  completeljinsolublet  und  rem»iDS  behind 
when  »he  dry  saline  mass  is  treated  with  aeidulatod  watcr^  by  which  ihe 
alkaline  salts,  alumina,  ferric  oxide,  lime,  and  many  other  bodies  which 
may  happen  to  be  preaenl,  are  renioYed.  The  ailioa  ia  w»Bhed,  dried,  and 
heated  to  red  Dens. 

The  most  prominent  charaeiers  of  silica  are  the  following:  it  is  a  yery 
fine,  white^  tastelesa  powder,  having  a  density  of  about  2-tjii,  fusible  only 
by  the  oxy-hydrogen  blowpipe.  When  once  dried,  s^iliea  ia  not.  aensibly 
soluble  ID  water  or  ililule  acids  (with  the  excf'pfion  of  hydrofluoric  acidl. 
But  on  adding  hydrochloric  acid  to  a  vt>ry  dikue  solution  of  potassium  »\h- 
cate,  the  liberated  siHoa  remuiiiB  in  solution^  From  ihia mixed  sol utioti  of 
silica  and  potassium  chloride,  the  latter  may  be  separated  by  diftusion 
(oomp«  p-  149),  whereby  a  moderatjely  concentrated  solution  of  silica  in 
water  is  obtained.  This  Bolutioti  has  a  dit^tiiiotly  acid  reaction :  il  presents^ 
however^  but  little  gtabiliiy.  When  kept  for  ponie  lime,  it  gelatiniies,  the 
silioft  separating  io  the  in!>oliible  moditicatioD.  The  saiue  effect  is  produced 
by  the  addition  of  a  few  drops  of  stilpburic  or  nitric  acid,  or  of  a  solution 
of  salt. 

Silica  ia  essentially  an  acid  oxide,  forming  snUs  with  basic  melallio 
oxides,  and  decomposing  all  salts  of  volatile  aeids  when  heated  with  them. 
In  strong  alkaline  liquids  it  is  freely  aulublo.  When  heated  with  bases, 
efpeoially  those  which  are, capable  of  undergoing  fusion,  it  unites  with 
them  and  forms  sails,  which  are  sometimes  lioluble  in  water,  as  in  the  case 
of  the  pot&ssium  and  sodium  silicate!^,  when  ihe  proportion  of  base  i»  con- 
siderable. fJommon  glass  'm  a  mixture  of  several  silicaies,  in  which  the 
reverse  of  this  happens,  the  silica  being  in  excess.  Even  glass,  however, 
is  slowly  acted  upon  hy  writer. 

Finely  divided  silica  is  highly  useful  in  the  manufacture  of  porcelain. 

SiLicrusi  nY0RiT>E,  or  StLiOATKfi  Hydrocjen,  was  discovered  by  Buff  and 
Wohler,  who  obtained  this  gaii  by  passing  an  electric  current  through  ft 
solution  of  sodium  chloride,  ihe  positive  pr>le  employed  cutisisting  of  alu- 
minium  containing  ^iliciutii.  More  ret'cntly  Wohler  otid  Martins  produced 
this  gas  by  treating  magnesium  Qoutaining  }-iliciuni  with  hydroehloric  acid« 
Both  methods  yield  silicium  hydride  luixed  with  free  hydrogen.  Friedel 
and  Ladenburg,  however,  by  a  process  which  will  be  described  further  on, 
have  obtained  it  pure,  and  Hbown  that  it  consists  of  ii8  parts  by  weight  of 
allicium  and  4  parts  of  hydrogen.*  Siliciuni  hydride  is  a  colorless  gas.  In 
the  impure  state,  as  obtained  by  the  two  procossea  above  given,  it  takes 
fire  spoDtaneously  on  coming  in  contact  wilh  the  air,  and  burns  with  a 
white  flame  evolving  cluudH  of  silica.  Pure  i*ilicium  hydride,  hou  ever,  doei 
Dot  ignite  spoutaiieonxly  under  tlio  ordinary  atmospheric  pressure;  bul  on 
phasing  a  bulibleof  air  into  the  mrefipd  gas  sfamling  overinercury,  it  takes 
fire,  and  yields  a  deposit  of  amorphous  silieium  mixed  with  silica.  On 
parsing  siliciura  hydride  through  a  red*hot  tube,  it  is  decomposed,  ailioium 
being  deposited. 

Ck>»iPoiiNiis  or  8iLirtrM  and  Chlorine. —Silieium  unites  directly  with 
ehlorine,  forming  a  tDtrachloride.f     This  compound  is  obtained  by  mixingpl 
finely  divided   silica  wilh   charcoal    powder  and  oil,  Btrongly  heating  the 
mixture  in  a  covered  crucible,  and  then  exposing  the  mass  so  obtained  in  a 
poreeUin  tube  heated  to  full  redness,  to  the  action  of  perfectly  dry  chlorine 

rk     A  good  condensing  arrangement,  supplied  with  ice-cold  water^  ta\iat. 
oonnected  with  the  porcelain  tube.     The  prodvict  is  a  co\ot\^m  w\4^fer5 
rpJmtjJe  liquid,  boiling  ni  60^^  of  pungent,  euffocal'mg  odor.    \ti  <i^>TvV»«ft. 
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wiiii  w&ter,  k  yielda  hjdroclilorio  acid  Aud  gelAtinoua   slllcii.     Tlila  sub- 
stanct'  contains  28  parts  silicium  and  142  chlorine. 

When  hydrochloric  acid  gas  ih  pnsseil  over  crjAtallixiMl  atliciuni,  heated 
to  a  Itfmperaiure  below  redness,  a  very  volatile  inflammable  liquid  h  ob- 
tained, which,  whi^n  purified  by  disiilUtion,  hvLs  the  compof^ition  of  xiliciumA 
hydrotrkhlorUie^^  containing  28  parts  iJilicium,  1  hydrogen,  and  100*8 
chlorine.  This  compound  is  decompoaed  by  water,  forming  a  nhite  oxy-* 
genated  body,  probably  iiltcium  hydrotrioxidt,-\  which  by  prolonged  contaot.fl 
with  water  la  further  decomposed,  with  evolution  uf  hydrogen  and  forma- 
tion of  silica. 

A  mixtures  of  ftilicium  hydrotrichloride  and  bromine,  heated  to  lOO*"  m  a 
closed  vesnel,  beoomea  dark-colored,  and  ia  converted  into  the  brtymoti 
chloride.  J 

Silidum  tetrahromid€^\    obtained  like   the  tetrachlonde,   reaomblea  tba4| 
oompoimd,  but  ia  less  volatile. 
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Pboiphonii  in  the  state  r^f  phoi<pboric  acid  is  conlamtd  in  the  anoie] 
unslratifitid  rocks,  aud  in  the  lavas;  of  uiodern  origin.  As  these  dislnlegral 
and  crumble  down  into  fertile  soilt  the  phosphates  pass  into  the  orgunisin 
of  plants,  and  ultinmcely  into  the  bodies  of  the  animals  to  which  these 
latter  serve  for  food.  The  earthy  phosphates  play  a  very  important  pari 
in  the  8irueture  of  the  animal  fraxnGy  by  communicating  atiffnoss  and  in- 
flexibility to  the  bony  skeleton. 

Phoaphoruij  was  discovered  in  llj69  by  Brandt,  of  Hamburg,  who  pre- 
pared ii  from  urine.  The  following  ia  an  outline  of  the  process  now 
adopted.  Thoroughly  calcined  bones  are  reduced  to  powder,  and  mixed 
with  two  thirds  of  f  heir  weight  of  sulphuric  acid  diluted  with  a  considerable 
quantity  of  water:  this  mixture,  after  standing  some  hourn,  is  filtered,  and 
the  nearly  insoluble  calcium  sulphate  is  washed. 
The  liquid  ia  then  evaporated  to  a  syrupy  con- 
siatence,  mixed  with  charcoal  powder,  imd  the 
desiccation  completed  in  an  iron  vessel  exposed 
to  a  high  temperature.  When  quite  dry,  it  ia 
transferred  to  a  stoneware  retort,  to  which  a 
wide,  bent  tube  is  luted,  dipping  a  little  way 
into  the  water  contained  in  the  receiver,  A 
narrow  tube  serves  to  give  i?*sue  to  the  gases, 
which  arc  conveyed  to  a  chiumey,  Thi»  manu- 
facture ia  now  conducted  on  a  very  large  scale/ 
the  consumption  of  phosphorus,  for  ibe  nppar- 
ently  trifliug  article  of  inwtantaneous-lighl 
matches,  being  p*omething  prodigious. 

l*liosphorus,  wben  pure,  '^^^ry  much  resembles 

in  aJ^pcaranco  imperfectly  bleached  wax,  and  ia 

soft  and  flexible  at  common  temperatures.     Its 

density  is  1-77.  and  that  of  its  vapor  4*3*5,  air  being  unity,  or  02  referred 

to  bydrugen  as  uuity.     It  melts  at  4P  (1 11°  F.).  and  boils  at  im""  (530°  ¥,). 

On  slowly  cooling  melted  phosphonia,  well  formed  dodecahudrous  are  some- 

ti'mes  obtained.     It  ia  iosaluble  in  water,  *iid  ia  uaually  kepi  immersed  in 
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lli*l  liquid,  but  dissoltcs  in  oilp»  in  nMive  napUlha,  and  eepeeinlly  in  car- 
bon bisulphide.  When  »et  on  fire  in  rlie  air^  it  burn.^  with  a.  bright  fiamp, 
general  log  phosphoric  oxide.  Phosphorus  it*  excetdinglv  mtiaminablo  ;  it 
sometifnc^  tukea  fire  by  the  heat  of  tiie  bund*  and  dcmandM  groat  cure  in 
its  inanuj^t^nicnt ;  a  blow  or  hard  rub  will  very  often  kindlu  it.  A  slick  of 
pluKp  lorua  held  in  th«  air  always  appears  In  orait  a  whitish  smoke,  which 
in  I  he  dirk  is  luminous.  This  effect  is  ehiolly  due  to  a  slow  combustion 
which  the  phosphorus  undergoes  by  the  oxygen  of  the  air«  and  upon  it 
dependft  one  of  the  metbods  employed  for  the  analysis  of  air,  as  already 
described.  It  is  singular  that  the  slow  oxidation  of  phosphorua  maybe 
entirely  preTented  by  the  preaonce  of  a  small  ir|iiantity  of  olefiant  gas^  or 
the  vapor  of  ether,  or  some  essentia)  oil;  phosphorus  may  even  be  dialilled 
in  an  atmosphere  containing  vapor  of  oil  of  ttirpenline  iji  considerable 
ipiantity.  Neither  does  the  action  go  on  in  pure  oxygen  —  at  lenst,  at  the 
temperjiture  of  loo**  (<iO°  F.),  which  is  very  remarkable;  but  if  the  gaa 
be  raretied,  or  diluted  witli  nitrogen,  hydrogen,  or  carbomc  acid,  oxidation 
is  set  lip. 

A  very  remarkable  modification  of  this  element  is  known  by  ihe  name  of 
amnrphdiiB  phoMphoru^.  It  wiiS  discovered  by  Scbrotter,  and  may  be  iwiide 
by  exposing  common  phosphorus  for  fifty  hour?*  to  a  temperature  of  from 
240^  to  25<i**,  (404°~I8*2  F**.),  in  an  atmosphere  which  is  unaMe  to  act  chem- 
ically upon  it.  At  this  tempeniiure  it  becomes  red  and  opaque,  and  insol- 
uble in  carbon  bisulphide,  whereby  it  may  be  separated  from  ordinary 
phosphorus.  It  may  be  obtained  in  compact  massea  when  common  phos- 
phorus is  kept  for  eight  days  at  a  constant  high  temperature.  It  is  a  coher- 
ent, reddish -brown,  infusible  substance,  of  speoifie  gravity  between  2<J89 
and  2< ](><>.  It  does  not  become  luminous  in  the  dark  until  its  temperature 
is  raised  to  about  2tXl®,  nor  has  it  any  tendency  to  combine  with  the  oxygen 
of  the  air.  When  heated  to  2ti0°  (5<XP  F.),  it  is  recotivcrted  into  ordinary 
pbospborna. 

Compoundt  of  Phosphorut  and  Oxygen, 

When  phosphorus  is  melted  beneath  the  surface  of  hot  water,  and  a 
stream  of  oxygen  gas  forced  upon  it  from  a  bladder;  combustion  ensues, 
^nd  the  phosphonis  is  converted  in  great  part  into  a  brick-red  powder, 
which  woa  formerly  believed  to  be  a  peculiar  oxide  of  phosphorus;  but 
Schrotter  has  shown  that  it  is  a  mixture,  consisting  chiefly  of  amorphoua 
phoffphoma. 

There  are  two  definite  oxides  of  phospboms,  in  which  the  quantities  of 
oxygen  united  with  the  same  qtiantily  of  phosphorus  are  to  one  another  aa 
8  to  5,*  vix. ; 

ComposltfoD  by  weight 

Phosphonifl.     Oxjgfstu 
Phosphorus  Trioxide,  or  Phosphorous  oxide  G2     4-     A% 

Phosphorus  Pentoxide,  or  Phosphoric  oxide  62     -|-     80 

Both  those  are  acid  oxides,  uniting  with  water  and  metallic  oxides  to 
form  <inlts,  called  phosphtttn  wnA  pho^phaUi  rospeolively ;  the  hydrogen  salts 
being  also  called  phosphorous  and  phn^phoric  acid.  There  is  also  another 
oxygen-acid  of  phosphorus,  containing  a  smaller  proportion  of  oxygen* 
called  hifpophonphorouM  aeid^  to  which  there  la  no  oorresponding  anhydrous 
oxide. 

Jtifpophoiphorout  Add.\  —  When  phogphortia  is  boiled  with  a  solution  of 

*  Id  ■yniliols;  — 

PhnufvUnTonii  oxido       .  .  .  ,  pjA, 

Ph'Vfili'friv  riJt/Je     .  ♦  .  .  .      PjCL. 
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potash  or  baryta,  water  is  decomposed,  gWing  rise  to  phosphoretted  hy- 
drogen, phosphoric  acid,  and  hypophosphorous  acid;  the  first  escapes  as 
gas,  and  the  two  acids  remain  as  barium  salts.*  By  filtration  the  soluble 
hypophosphite  is  separated  from  the  insoluble  phosphate.  On  adding  to 
the  liquid  the  quantity  of  sulphuric  acid  necessary  to  precipitate  the  base, 
the  hypophosphorous  acid  is  obtained  in  solution.  By  CTaporation  it  may 
be  reduced  to  a  syrupy  consistence.  The  acid  is  Tery  prone  to  absorb  more 
oxygen,  and  is  therefore  a  powerful  deoxidiiing  agent.  All  its  salts  are 
soluble  in  water. 

PHOspnoROUS  OxiDK  is  formed  by  the  slow  combusHon  of  phosphorus  in 
the  atmosphere ;  or  by  burning  that  substance  by  means  of  a  very  limited 
supply  of  dry  air,  in  which  case  it  is  anhydrous,  and  presents  the  aspect 
of  a  white  powder.  Fkosphorotu  acid  is  most  conTenientlv  prepared  by 
adding  water  to  the  trichloride  of  phosphorus,  when  mutual  decomposition 
takes  place,  the  oxygen  of  the  water  being  transferred  to  the  phosphorus, 
generating  phosphorous  acid,  and  its  hydrogen  to  the  chlorine,  giving  rise  to 
hydrochloric  acid.f  By  evaporating  the  solution  to  the  consistence  of  syrup, 
the  hydrochloric  acid  is  expelled,  and  the  residue,  on  cooling,  crystallizes. 

Phosphorous  acid  is  very  deliquescent  and  very  prone  to  attract  oxygen 
and  pass  into  phosphoric  acid.  When  heated  in  a  close  vessel,  it  is  resolved 
into  phosphoric  acid  and  pure  phosphoretted  hydrogen  gas.  It  is  composed 
of  110  parts  of  phosphorous  oxide  and  54  parts  of  water,  or,  81  phosphorus, 
48  oxygen,  and  3  hydrogen,  t 

The  phosphites  are  of  little  importance. 

Phosphobic  Oxide  (also  called  Anhydrow  Phosphorie  Acid^  or  PhotpJume 
Anhydride).  — When  phosphorus  is  burned  under  a  bell-jar  by  the  aid  of  a 
copious  supply  of  dry  air,  snow-like  phosphoric  oxide  is  produced  in  great 
quantity.  This  substance  exhibits  as  much  attraction  for  water  as  sulphuric 
oxide:  exposed  to  the  air  for  a  few  moments,  it  deliquesces  to  a  liquid,  and 
when  thrown  into  water,  combines  with  the  latter  with  explosive  violence. 
The  water  then  taken  up  cannot  again  be  separated. 

When  nitric  acid  of  moderate  strength  is  heated  in  a  retort  with  which 
a  receiver  is  connected,  and  fragments  of  phosphorus  are  added  singly, 
taking  care  to  suffer  the  violence  of  the  action  to  subside  between  each 
addition,  the  phosphorus  is  oxidized  to  its  maximum,  and  converted  into 
phosphoric  acid.  By  distilling  off  the  greater  part  of  the  acid,  transferring 
the  residue  in  the  retort  to  a  platinum  vessel,  and  then  cautiously  raising 
the  heat  to  redness,  the  acid  may  be  obtained  pure.  This  is  the  glacial 
phosphoric  acid  of  the  Pharmacopoeia. 

A  third  method  consists  in  taking  the  acid  calcium  phosphate  produced 
by  the  action  of  sulphuric  acid  on  bone-earth,  precipitating  it  with  a  slight 
excess  of  ammonia  carbonate,  separating  by  a  filter  the  insoluble  calcium- 
salt,  and  then  evaporating  and  igniting  in  a  platinum  vessel  the  mixed 
phosphate  and  sulphate  of  ammonia.  Phosphoric  acid  alone  remains 
behind.  The  acid  thus  obtained  is  not  remarkable  for  its  purity.  One  of 
the  most  advantageous  methods  of  preparing  phosphoric  acid  on  the  large 
scale  in  a  state  of  purity  is  to  burn  phosphorus  in  a  stream  of  dry  atmos- 
pheric air,  by  the  aid  of  a  proper  apparatus,  not  difllicult  to  contrive,  in 
which  the  process  may  be  carried  on  continuously.     The  phosphoric  oxide 

•         Pg        +        .^BaHjOj        +        011*0        =        8BaIl4(P0i)|        +        2Pn, 
Phoephoms.         Barium  Water.  Barium  Ilydrogini 

hydrate.  hydrophosphite.         phospUda. 

f      PCI,        +      30H,      =      PO,n,      +      3IIC1 

Phnaphonu  Water.  Phosphorooi     Hydrochlorio 

trichloride,  acid.  M^ 

/  PtQt.30Bg        =       2P0bH,. 
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may  be  preserTed  in  Ihat  »tate^  or  converted   into  hydrate  or 

I  acid,  by  the  addition  of  wtiter  and  subaequeiit  fusion  in  a  platimim 

The  glficial  phosphoric  acid  is  exceedingly  deiiqiieitceul,  ttu^i  re* 

Hires  to  he  kept  in  a  closely  stopped  bottle.     It  contains  H2  parts  of  phoa- 

boric  ojcide  and  18  parts  of  water,  or  31  phuisphorus,  4b  oxjgen^  and  1 

ydrogcn  ♦ 

PhoBphoric  oxide  is  readily  Tol&iili2<;d,  and  may  be  sublinK^d  by  (ho 
lieat  of  an  ordinary  spirit-lamp.  The  acid  may  be  fused  in  a  platinum 
crucible  at  a  red  heat;  at  this  teinperatyrCi  li  cvoItos  considerable  quau- 
titica  of  Yapor,  but  i«  still  far  from  its  boiling-point.  Phosphoric  acid  is  a 
very  powerful  acid:  being  leas  voliitile  than  Bulphuric  acid»  it  expels  the 
latter  at  higher  lemperaiures,  nltbongh  it  i«  di^placud  by  eulphuric  acid 
at  the  couuuon  temperature.  ll«  iioliiiion  baa  an  inteufiely  sour  taste,  and 
reddens  litmus-paper;  it  is  not  poisonous. 

The  best  reagent  for  the  detection   of  phosphoric  acid  ig  molybdate  of 

nmoota.     A  solution  of  ibis  salt  ib  treated  with  hydrochloric  or  nitric 

eid  until  the  precipitate  at  first   formed  is   redissulved.     A  very  wmnll 

Qaolity  of  the  liquid  to  be  tested  for  phosphoric  acid  is  then  added  to 

Ilis  solution.     If  phosphoric  acid   be  present,  the  liquid  becomes  yellow, 

Ikd   a  yellow  deposit^  consisting  of  molybdic   a«id»  phosphoric   acid,  and 

amoniat  ia  formed,  even  if  the  quantity  of  photspboric  acid  be  very  small. 

There  are  few  bodieci  that  present  a  greater  degree  of  interCMt  to  the 

kemist  than  this  substance:   the  changes  its  compounda  undergo  by  the 

mctioti  of  heat,  chiefly  made  known  to  us  by  the  admirahle  researches  of 

Profeflsor  Graham,  will  be  dcecribcd  id  conneciioa  with  the  general  his- 

t«ry  of  saline  eooi pounds. 

Compounds  of  Phoitphorui  and  Hydrogm. 
PHOSF«0Rtrs  Trihtdkids. — pHosriiiNK.  — Phosi^hobetted  IIturohkn. 
This  body  is  analogous  in  some  of  its  chemical  t  elations  to  ammoniacal 
g»s ;  its  alkaline  properties  are,  however^  much  weaker. 

It  may  be  obtained  in  a  state  of  purity  by  heating  phosphorous  acid  in  a 
BBuUl  retort,  the  acid  being  then  resoWed  into  phosphoretted  hydrogeo 
Mid  phosphoric  acid.f 

Thus  obtained,  the  gas  has  a  density  of  1*24.     It  contains  31  parts  phos^ 

phorus  and  8  parts  hydrogen,  and  is  ao  constituted  that  every  two  volumes 

oontaiu  3  volumes  of  hydrogen  and  half  a  volume  of  phosphorus  vapor, 

oondensed  into  two  volumes.     It  possesses  a  highly  dif^agreeable  odor  of 

Karlic,  is  slightly  soluble  in  water,  and  burns  with  a  brilliant  white  flame, 

forming  water  ami  phosphoric  acid. 

I  Phvsphoretted  hydrogen  may  also  be  produced  by  boiling  together,  in  a 

^■feptort  of  small  dimensions,  caustic  potash  or  slaked  lime,  water,  and  phos* 

^Hiiorus:  the  vessel  should  be  filled  to  the  neck,  and  the  extremity  of  the 

!^|ptter  made  to  dip  into  the  water  of  the  pneumatic  trough.    In  the  reaction 

PJBhieh  ensues,  the  water  is  decomposed,  and  both  its  elements  combine 

■"^%itli  the  phosphorus, 

f  Hydrogen -^_____^^  Phogphoretted  hydrogen. 

\ Oxygen^ 
Phosphorus 
Phosphorus 
Jamo       ^^'  Calcium  hypopho8pMte,| 


h 


Water 


PlKMiSOToaM        Pba^>falo«. 


CkJcium 


SPOjTI, 
PlioapIiuHi} 

eotit 

Water* 


PhoaphlQ 
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The  phosphoretted  hydrogen  prepared  by  the  latter  process  has  the  sin- 
gular property  of  spontaneous  inflammability  when  admitted  into  the  air 
or  into  oxygen  gas ;  with  the  latter,  the  experiment  is  yery  beautiful,  but 
requires  caution :  the  bubbles  should  be  admitted  singly.  When  kept  over 
water  for  some  time,  the  gas  loses  this  property,  without  otherwise  suffer- 
ing any  appreciable  change ;  but  if  dried  by  calcium  chloride,  it  may  be 
kept  unaltered  for  a  much  longer  time.  M.  Paul  Th^nard  has  shown  that 
the  spontaneous  combustibility  of  the  gas  arises  from  the  presence  of  the 
Tapor  of  a  liquid  hydrogen  phosphide,  which  can  be  procured  in  small 
quantity,  by  conveying  the  gas  produced  by  the  action  of  water  on  calcium 
phosphide  through  a  tube  cooled  by  a  freezing  mixture.  This  substance 
forms  a  colorless  liquid  of  high  refractiye  power  and  very  great  Yolatility. 
It  does  not  freeze  at — 17*8°  {0°  F.)  In  contact  with  air,  it  inflames  instantly, 
and  its  vapor  in  very  small  quantity  communicates  spontaneous  inflamma- 
bility to  pure  phosphoretted  hydrogen,  and  to  all  other  combustible  gases. 
It  is  decomposed  by  light  into  gaseous  phosphoretted  hydrogen,  and  a 
solid  phosphide  which  is  often  seen  on  the  inside  of  jars  containing  gas 
which,  by  exposure  to  lights  has  lost  the  property  of  spontaneous  inflam- 
mation. Strong  acids  occasion  its  instantaneous  decomposition.  It  is  as 
unstable  as  hydrogen  dioxide.  It  is  to  be  observed  that  the  pure  phospho- 
retted hydrogen  gas  itself  becomes  spontaneously  inflammable  if  heat^  to 
the  temperature  of  boiling  water.* 

Phosphoretted  hydrogen  decomposes  several  metallic  solutions,  giving 
rise  to  precipitates  of  insoluble  phosphides.  With  hydriodic  acid  it  forms 
a  crystalline  compound  somewhat  resembling  sal-ammoniac. 

Compounds  of  Photphortu  tcith  Chlorine. 

Phosphorus  forms  two  chlorides,  analogous  in  composition  to  the  oxides, 
the  quantities  of  chlorine  combined  with  the  same  quantity  of  phosphorus 
being  to  one  another  in  the  proportion  of  3  to  5. 

Phosphorus  Trichloridb,  or  Phosphorous  Chloride,!  is  prepared  in 
the  same  manner  as  sulphur  bichloride,  by  gently  heating  phosphorus  in 
dry  chlorine  gas,  the  phosphorus  being  in  excess ;  or  by  passing  the  vapor 
of  phosphorus  over  fragments  of  calomel  (mercurous  chloride)  contained 
in  a  glass  tube,  and  strongly  heated.  It  is  a  colorless,  thin  liquid,  which 
fumes  in  the  air,  and  has  a  powerful  and  offensive  odor.  Its  specific  gravity 
is  1.45.  Thrown  into  water,  it  sinks  to  the  bottom  of  that  liquid,  and  is 
slowly  decomposed,  yielding  phosphorous  acid  and  hydrochloric  acid.J  It 
contains  81  parts  phosphorus  and  106*5  parts  chlorine. 

Phosphorus  Pentaohloride,  or  Phosphorto  Chloride,{  is  formed  when 
phosphorus  is  burned  in  excess  of  chlorine.  Pieces  of  phosphorus  are  in- 
troduced into  a  large  tubulated  retort,  which  is  then  filled  with  dry  chlorine 
gas.  The  phosphorus  takes  fire,  and  bums  with  a  pale  flame,  forming  a 
white  volatile  crystalline  sublimate,  which  is  the  pentaohloride.  It  may  be 
obtained  in  larger  quantity  by  passing  a  stream  of  dry  chlorine  gas  into 
the  preceding  liquid  trichloride,  which  becomes  gradually  converted  into 
a  solid  crystalline  mass.  Phosphorus  pentaohloride  is  decomposed  by 
water,  yielding  phosphoric  and  hydrochloric  acids.  || 


*  Ann.  Chim.  PhyH..  3d  fieriet,  xiy.  5.    Accnrdlng  to  M.  P.  Th6niird,  the  liqnfd  phoimhide  of 
hydrogen  containB  PH,  and  the  solid  P^H.    The  gas  is  represented  by  the  formula  PUa. 
fPClj. 

t  PCI,   +  soHj  =  anci  +  voja^ 

PCk    +    40H|    =    6H01    -V    TO^ 


li 
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[omcn  OxTcinoRiDE.*  —  When  phoflphonia  peniacltloritle  is  heated 

S'l|KAUtity  of  wdt.er  in^uffioieiiL  to  coiiverl  it  into  phosphoric  acid,  it 

l»  together  wilh  hydrfjchloric  ncid,  a  coiiipoiinsl  of  phusphorus*  oblo^ 

ne»  and  oit^rgeu.     Thi^  body  mny  also  be  propartMi  by  di!<tilling  the  pon- 

ichlortdt'  with  dehydrated  oxulte  ncid,  or  by  distilling  a  mixture  of  pboa* 

'Ithorus  pentaohloride  ttnd  phosphoric  oxide.     Phosphorus  oiychloride  is  a 

llo^le^*a  liquid  of  sp.  gr  17,  possessing  a  very  pungent  odor,  and  boiling 

111  llCl''  (23(P  F.)*     It  is  readily  decomposed  by  water  into  hydrochloric 

and  phosphoric  wcida. 

A  MulphochioruJaf  of  analogous  conipnflition  is  produced  by  the  action  of 
rogeu  sulphide  on   the   pentachloride.     U  tfl  a  colorles*,   oily  liquid^ 
decomt^^'-it"!  iiv  water. 

Tvv  >/ pho^horufy  an  oitf bromide  and  a  sulpfwbtomiife,  are  known, 

corre-;  \n  composition  and  properties  with  the  chlorine  oompounds, 

and  obtained  by  similar  proceaaes. 

Phosphorus  forms  also  two  iodide*^\  containing  31  parts  of  phosphorus 
(th  'Z  %  I'll  and  3  X  1^7  part^  of  iodine,     The  latter  i^  analogous  in 
'composition  to  the  trichloride;  the  former  hns  no  chh>rine  represeutalive, 
tb  these  compoanilj^  are  obtained  by  dissolving  phosphorus  and  iodine 
^together  in  carbou  biHuiphide.  and  cooling  the   liquid  till  crystals  are  de- 
Whatever  proportions  of   iodine  and  phosphorus  may  be  uacd, 
two  compounds  alwaya  crjatalUie  out,  mixed  with  excess  either  of 
or  of  phosphorus. 

The  di-iodifie  melts  at  lUF  (2^0®  F,),  fortuing  a  red  liquid  which  condenses 
to  a  light  red  solid  The  tri-todidc  melts  af  55**  (UiP  F  ),  and  cryiitallizca 
on  cooling  in  well  defined  prisms.  Both  are  decomposed  by  wuu-r,  yielding 
hydriodic  and  phosphorous  aoids^  Iho  di-iodide  also  depositing  yellow 
flakes  of  phosphorus. 

Compoundt  of  Phmphoni«  mth  Sulphur  and  Sdeninm, 

Scrt.pntT>Ka. — When  ordinary  phosphorus  and  sulphur  are  heated  together 
in  the  dry  state,  or  melted  together  under  water,  combination  takes  place 
between  them,  attended  with  vivid  combustion  and  often  with  violent  ex- 
plosion.  When  amorphous  pbo^nphorua  is  used,  the  reaction  ie  not  explosive, 
though  still  very  rapid. 

Six  compounds  of  sulphur  and  pboaphonis  have  been  prepared,  contain- 
ing the  foUowing  proporiiona  of  atxlphur  and  phosphorus.  J 

Compodtlon  by  wdgbt. 

HemiBulphido         .... 
Monosulpliido     .  ,  .  ,  . 

8e»qui*^ulphide       .... 
Trisulpbide        ..... 
Penta^ulphide         .... 
Dodecasulphide  .  ,  .  . 

The  fourth  and  fifth  are  analogous  to  phosphorus  and  phosphoric  oxides 
[respectively;  the  others  have  no  known  analogues  in  the  oxygen  series. 
.They  may  all  be  formed  by  beating  the  two  bodies  together  in  the  required 
I  proportions;  but  the  trlsulphide  and  pentaj*iilphide  are  more  easily  pre- 
red  by  warming  the  monosulphide  with  liddittonall  proportions  of  sulphur, 
over,  the  two  lower  sulphides  exhibit  tsomerio  modifications^  each 
capable  of  existing  as  a  eolurle>^s  liquid   and  as  a  red  solid>     Tbo 

iF^      PA       f#%       f^       PA      andF^ 


Fboapburui. 

Satphar. 

.    81       + 

8 

81       + 

16 

,    81       -h 

24 

ai     + 

48 

.    SI       + 

80 

31       + 

11*2 

A 


218 


PHOSPHORUS. 


mono-,  tri-,  and  pentasolphides  of  phosphorus  unite  with  metallic  sulphides, 
forming  sulphur-salts.* 

Selenidks  or  Phosphorcs,  f  analogous  in  composition  to  the  first,  second, 
fourth,  and  fifth  of  the  Hulphides  above  mentioned,  are  produced  by  heat- 
ing ordinary  phosphorus  and  selenium  together  in  the  required  proportions 
in  a  stream  of  hydrogen  gas.  The  hemiselenide  is  a  dark-yellow,  oily, 
fetid  liquid,  solidifying  at  12®;  the  other  compounds  are  dark-red  solids. 
The  mono-,  tri-,  and  pentaselenides  unite  with  metallic  selenides,  forming 
selenium-salts  analogous  to  the  sulphur-salts  aboye  mentioned. 

•  Copper  Hrposulphophoflphite  PfSiCn  =  CnS.P|& 
Copper  Sniplu>pho«phite  F^Cu  =  Cu8.^&. 


CoppSr  SnlphnphotphHte  PflSyCo 
t  P8^  P,8e,  F^et, 


andP^Se^ 


OV  THE  OEITERAL  PSnrCIPLES  OF  CHEHICAL 
PHILOSOPHY. 

THE  study  of  the  non-mctalUc  elements  can  be  pushed  to  a  very  conaider- 
mble  exlent>  and  a  large  amount  of  prt- cise  und  oueeeditiglj  important 
inrormfttion  Acquired,  without  mucb  direct  reference  to  the  great  fiinda* 
menial  Iaws  of  chemical  nnioti.  The  subject  cannot  be  discu!<i§ed  in  this 
inj»nn«f'  completely,  as  will  be  obyious  from  frequent  cases  of  anticipalioti 
in  many  of  the  foregoing  foot*notea:  still,  much  may  be  done  by  tljis  simple 
method  of  proceeding.  The  bodies  themselves,  in  their  combinjitions,  fur- 
nish admirable  inuatrations  of  the  general  laws  referred  to;  but  the  »tudy 
of  their  lending  characters  and  retulioiis  does  not  of  necessity  inroWo  a 
preTious  knowledge  of  th<*ae  laws  thcmwelvea. 

It  ia  thought  that  by  such  an  arrfitigomcnt  the  comprehension  of  these 
rery  important  general  principles  may  become,  in  some  measure,  facili* 
tated  by  constant  reference  to  examplea  of  combiniitions,  the  elements  and 
products  of  which  have  already  been  described.  So  much  more  difficult  is 
It  to  gain  a  clear  and  distinct  idea  of  any  proposition  of  great  generality 
from  a  simple  enunciation,  than  to  understand  the  bearing  of  the  same  taw 
when  illustrated  by  a  .<iing1e  good  and  familiar  inslanoe. 

Before  proceeding  further,  however,  it  is  ahsoliitely  necessary  that  these 
matters  should  be  discussed:  the  metallio  compounds  are  so  numerous, 
that  the  establishment  of  nome  general  principle,  aome  connecting  link, 
becomes  indispensable.  The  doctrines  of  equtralence  and  combining  pro- 
portions, and  the  laws  which  regulate  the  formation  of  saline  compounds, 
iapplj  this  deficiency. 

THK  LAWS  OF  OOMBINATIOW  BY  WEIGHT. 
(1.]  Citrutaney  of  Compotition. — This  is  the  main  distinction  between 
ehemieal  combination  and  mechanical  mixture,  or  that  kind  of  adhesion 
which  gives  rise  to  the  solution  of  a  solid  in  a  liquid.  Metals  may  be  fused 
together  to  form  alloys;  water  may  be  mixed  with  alcohol,  alcohol  with 
ether,  and  different  oils  one  with  the  other,  in  any  proportiona  whatever, 
the  mixture  always  exhibiting  properties  intermediate  between  those  of  it« 
cnnnlitnents,  and  in  regular  grndcition  accordiog  to  the  quantity  of  each 
that  may  be  present ;  a  solid  body  may  be  dissolved  in  a  liquid  — salt  or 
sugar  in  water,  for  example  —  in  any  proportion  up  to  a  cortnin  limit,  tho 
iolution  likewise  exhibiting  a  regular  gradation  of  physicnl  properties, 
according  to  the  quantity  of  the  solid  taken  up.  Bot  fn  a  true  ebemieal 
compound,  the  properties  of  the  consiituent  elements  iidmit  nf  no  rjiriaiion 
whatever.  Water,  whether  obtained  from  nuturnl  »uurcea,  nr  fnrmed  by 
direct  eombinatinn  of  its  elpmenta.  alwayn  conlniuM  in  IfMI  pnrt*i,  HH-^>  parts 
"*" '"  ^  '"^n  and  1 1  1  parts  of  hydrogen ;  and  a  pioce  of  Hint,  or  rock*crystol, 
from  any  part  of  the  world,  inrnriably  contains  4G(i  per  cent,  of 
•.«i  &3'4  of  oxygen.  When  two  or  more  com  pound  m  are  formed  of 
the  s^me  elements,  as  the  oxides  of  carbon  and  the  chlorides  of  phosphorus 
(pp  iti4,  210),  there  is  no  gradual  blending  of  one  into  the  (ilWr,  a«  \\\  v\i«i 
ca««  of  mixtures;  but  vHch  compoumi  is  sharply  defined  an^V  eepBiTtiV^^\,  ^% 
Ji  mere,  from  tJie  others  hr  an  impassable  guif»  exbibUVttft  v^o^^TVi^ft  ^v%. 
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tinct  from  those  of  the  others,  and  of  the  elements  themselyes  in  the  sept- 
rate  state.  Thus  of  the  two  oxides  of  carbon,  the  monoxide  is  an  inflam- 
mable gas,  lighter  than  air,  and  not  absorbed  by  solution  of  potash,  whereat 
the  dioxide  is  non-inflammable,  heavier  than  air,  and  easily  absorbed  by 
potash ;  and  both  compounds  difi'er  entirely  in  their  characters,  both  from 
carbon  and  from  oxygen  in  the  free  state. 

The  composition  of  chemical  compounds  is  tseertained,  as  already  ob- 
served, by  analysis,  and  in  some  cases  also  by  synthesis.  The  resnltt  are 
usually  stated  in  percentages  (thui^  100  parts  of  zinc  oxide  contain  801 
parts  zinc  and  19-9  oxygen),  which  for  many  purposes  is  as  convenient  a 
method  as  can  be  adopted.  But  when  it  is  desired  to  compare  the  compo- 
sition of  several  compounds  of  the  same  elements,  or  of  the  compounds 
formed  by  one  element  with  several  others,  it  is  more  convenient  to  start 
with  a  fixed  quantity  of  the  first  element,  and  specify  the  relative  quan- 
tities of  the  other  element  or  elements  which  combine  with  it.  This  will 
be  easily  seen  by  comparing  the  following  tabular  statements  of  the  com- 
position of  the  five  nitrogen  oxides  already  described,  first,  in  percentages, 
secondly,  by  stating  the  several  quantities  of  oxygen  which  unite  with  100 
parts  of  nitrogen. 


In  100  parts. 

of  Kitrogen. 

Oxygen. 

Nitrogen. 

Oxygen. 

Monoxide 

63-64 

86-86 

100 

176 

Dioxide     . 

.     46-67 

63-38 

100 

860 

Trioxide 

86.85 

6816 

100 

526 

Tetroxide 

.     80-44 

69-56 

100 

700 

Pentoxide      . 

25-93 

7407 

100 

876 

The  numbers  on  the  left-hand  side  of  the  table  do  not  exhibit  any  simple 
relation ;  but  on  looking  to  the  right-hand  side,  it  is  immediately  seen  that 
the  quantities  of  oxygen  which  unite  with  the  same  quantity  of  nitrogen, 
are  to  one  another  as  the  numbers  1,  2,  8,  4,  6.  And  thit  leads  us  to  the 
second  general  law  of  chemical  combination,  viz. : 

(2.)  The  Law  of  Multiples.  —  This  law  may  be  thus  stated:  If  two  ele- 
ments, A  and  B,  are  capable  of  uniting  in  several  proportions,  the  quan- 
tities of  B  which  unite  with  a  given  quantity  of  A,  usually  bear  a  simple 
relation  to  one  another,  snch  as : 

A  +  B,        A  +  2B,        A  -f-  8B,        A  -f  4B,  &c.; 

or,  2A  -I-  8B,         2A  -f  6B,         2A  -f  7B,  &c. ; 
or,  A    4-  B,  A  4-  8B,  A  -j-  6B,  &c. 

Numerous  examples  of  this  law  are  afforded  by  the  compounds  of  the 
non-metallic  elements  one  with  the  other;  as,  for  example,  the  oxides  of 
hydrogen,  carbon,  chlorine,  sulphur,  and  phosphorus,  the  chlorides  of 
phosphorus,  &c. ;  and  still  more  numerous  examples  will  be  met  with,  in 
treating  of  the  compounds  of  metals  with  non-metallic  elements. 

It  must  be  observed,  however,  that  more  complex  relations  are  by  no 
means  unfrequent.  The  compounds  of  carbon  and  hydrogen,  for  example, 
are  very  numerous;  and  on  comparing  together  the  quantities  of  hydrogen 
H,  which  unite  with  a  fixed  quantity  of  carbon  C,  we  meet  with  such  rela- 
tions as  6C  -f  17H,  7C  -|-  16H,  IIC  +  24H,  15C  -|-  82H,  &c.  In  short,  the 
simple  relations  above  mentioned  must  be  looked  upon  merely  as  particular 
instances  of  a  large  number  of  possible  relations,  although  they  happen  to 
hold  good  with  reference  to  a  considerable  numbeT  ol  Via^xXasA  wssK^isPoa.^ 
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(Z.)  Law  of  EquwalenU.  —  If  a  bofly  A  unites  with  certain  ether  bodies 
B,  C,  D,  Ihen  the  quimlitieB  B,  C,  l\  which  combine  with  A,  or  certain 
simple  mulciptes  of  them,  reprefleut  for  the  most  part  the  proportione  in 
which  they  cilu  unite  amongst  themselves. 

For  example,  8  pjirt'i  by  weight  of  oiygen  ure  known  to  unite  with  the 
foUowing  quantities  of  hydrogeni  nitrogen^  &o. : 

Oxygen         .        .        .        •        ,        8 


Hydrogen     . 

1 

Nifr<>gen   . 

14 

Carbon 

6 

Sulphur    , 

8 

Phosphorus 

.      lOi  or  V 

Chlorino  . 

3iJ-5 

lodini!  .        •        .        . 

.      m  or  4» 

Potassium 

.        .           39 

Iron      ♦         •        .         . 

.      28 

Copper      . 

317 

Lead     .... 

.     103-5 

SUter 

108 

And  it  is  found,  moreoyer,  that  hydrogen  and  chlorine  combine  in  the  pro- 
portions I  to  35-5;  hydrogen  ami  sulphur^  1  to  liX^;  chlorine  and  eilvflr, 
Sloo  to  108;  iodine  and  potasMium,  !-7  part»  of  the  former  to  JJ9  of  the 
latter,  &c. ;  phoi<phoru8  and  chlorine,  31  part*  of  the  former  to  3x  3o*6  and 
5xd^  5  of  the  latter,  &o. 

Now,  on  comparing  the  reUtive  qiiantitiea  of  the  elements  contained  in 
all  known  chemical  compounda,  it  is  found:  1.  That  there  ia  a  certain 
number  of  elements  which  combine  with  one  another  in  one  proportion  only. 
2,  That  by  far  the  greater  number  of  elements  are  capable  of  uniting  in 
two  or  more  proportions.  The  clement;*  of  the  former  class  may  he  con- 
▼cniently  called  motinfffns^  those  of  the  Itkiter  pohft/ms.* 

Hydrogen  and  chlorine  unite  in  the  proportion  of  1  part,  by  weight,  of 
the  former,  to  35-5  parts  of  the  latter,  find  in  no  other.  The  eame  qimrjtiiy 
af  chlorine  comhiucij  with  ^30- 1  partH  of  potasiiium,  23  of  sodium,  and  108 
«  if  stiver.  These  several  quantitie8  of  sodium,  potassium,  and  silver,  are 
'eapftblc  of  saturating  rhe  same  qtiantity  of  chlorine  that  is  saturated  by  1 
pmrl  of  hydrogen.  They  are,  thoreforo,  in  this  respect  ^quiraitnt  to  1  part 
by  weight  of  hydrogen  find  to  ea^h  other.  They  may,  in  fact,  bo  made 
directly  to  replace  one  anoiher  in  combination  wi(h  chlorine*  Thus,  when 
4  lidium  or  pfjtiiBftium  i*«  heated  in  hydrochloric  acid  gas,  hydrogen  is  set 
free,  and  sodium  or  potaA<^ii)m  chloride  is  formed,  2B  ports  of  sodium  or 
8n  I  parts  of  pota«f«ium  always  taking  the  place  of  1  part  of  hydrogen. 
AgAtn,  when  a  solution  of  fiodiom  ch!<.rtde  w  mixed  with  yilver  nitnite,  iho 
iodtiim  and  *ilver  chanf^e  places,  forming  a  solntion  of  sodium  nitrate  and 
a  precipitate  of  «iUer  chloride ;  and  in  this  ctise  108  parts  of  silver  take 
Ihe  place  of  2S  pans  of  sodium.  The  ahoTe-ment toned  qimntities  of  hy- 
urogi^n,  chlorine,  sodium,  potassium,  and  silver^  are  therefore  called  ^qniva- 

There  are  a  few  other  monogenic  elemenls,  the  nsmea  and  equivalent 
*eightfl  of  wbioh  are  given,  together  with  the  preoediog,  in  the  following 
table: 

*  Sfhnm*'jrfr,  **tphthtitth  dor  orfRiilKlieii  Gbemto,** 
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Hydrogen      . 

.      I 

PoUsBium  . 

^ 

,       89-1 

CbloriDC     * 

.     85-5 

8i>dium   . 

23 

nromine 

•    80 

Litbiuiu 

, 

7 

Fluorine     - 

19 

C\iv*ium    . 

* 

laa 

Silver     . 

108 

Eubidtuui    . 

» 

,       86-4 

All  other  elcmentB  are  polygenic,  liniting  with  the  monogcna  and  wil 
one  iiti{jther  in  more  thtin  one  proportion.  With  regard  to  these  elementV' 
ttie  question  of  I'liuiviilende  appears  ul  firgl  to  be  gomewhat  iiuleterminate; 
in  fuctj  according  to  tlie  idea  of  equivalency  above  defined,  the  equivalent 
value  of  a  polygerufl  element  must  vary  according  to  the  proporitons  in 
which  it  unites  with  others.  Thu«  iron  forms  Iwo  ehlorides,  containing  28 
and  IRj  partjj  of  iron  totit>,6  pnria  of  chlorine.  Either  of  these  quant itii 
of  iron  may  therefore  he  regarded  an  equivalent  to  1  part  uf  hydrogen 
other  words,  as  the  equivniijtit  weight  of  iron*  Again,  1  part  ut  hydrogen 
unilea  with  8  parts  of  oxygen  to  form  water,  and  wilh  ](>  purls  to  form  hy- 
drogen dioxide.  Which  of  these  i»  the  ei|uiva1eni  vvctghl  of  oxygen?  The 
former  number  has  perbapH  the  bcHt  right  to  be  bo  regarded,  because  water 
ia  a  more  ntahle  compound  Ihan  hytlrogen-dioxide,  and,  moreover,  8  parts 
by  weight  of  oxygen  frequently  take  ihe  place  of  1  pari  of  hydrogen  in 
proccHseH  of  oxidntion,  ait  when  alcohol,  a  compound  of  12  part*  cnrbon,  3 
hydrogen^  and  8  oxygen,  id  oxidiied  to  acetic  acid,  containing  12  pariB  cj 
bon,  2  hydrogen,  and  Itj  oxygen*  But  what  number  shall  we  fix  upon 
the  equivalent  of  nitrogeu?  This  element  forms  only  one  compound  vrttl 
hydrogen,  namely,,  ammonia,  which  contuinB  14  partH  of  nitrogen  to  3  of 
hydrogen,  or  4  J  nitrogen  to  1  hydrogen.  Accordingly,  the  equivulent  weight 
of  nitrogen  appearn  to  bo  4j,  and,  in  fact,  lhi»  qutinlity  of  nitrogen  can  be 
made  to  take  the  phiee  of  1  port  of  hydrogen  in  many  organic  compounds. 
But  if  we  look  to  the  compounds  of  nitrogen  v^ith  oxygen,  we  find  thai 
ihcso  elemettts  unite  in  five  different  proportions.  8  parts  of  oxygen  (which 
we  have  seen  to  be  in  moj^t  cases  equivalent  to  1  ptirt  of  hydrogen)  uniting 
with  14,  7,  y.  ^,  or  y  purta  of  nitrogen,  either  of  which  numbers  may 
therefore  be  regarded  as  equivalent  to  1  pnrt  of  hydrogen.  Lanliy,  with 
regiird  to  carhon,  the  problem  nppenrs  utill  more  indefinite.  Inasmuch  a^ 
that  element  forma  with  hydrogen  a  \eTy  large  number  of  compounds,  and 
sppeara  to  be  copablo  of  uniting  with  it  in  almost  any  proportion. 

We  may,  however,  oblain  a  set  of  comparjible  values  by  sa^uming  as  Ihe 
equivalent  weight  of  each  polygenic  element,  the  nntilUtt  qvtmUtff  oi  it  which 
unites  with  1  part  of  hydrogcu,  or  with  35  6  of  chlorine,  or  generally  with 
the  equivalent  weight  of  any  monogenic  element.  Thus  of  all  the  compounds 
of  hydrog^'n  imd  carbon,  marf^h-ga.H,  or  methane,  which  is  composed  of  12 
parts  carbon  to  4  hydrogen,  or  *\  parts  csrhon  to  1  hydrogen,  contains  the 
largest  quantity  of  hydrogen  in  proportion  to  the  carbon;  in  other  words, 
8  parts  of  cnrhon  is  (he  smallest  quontity  that  can  unite  with  1  part  of 
hydrogen  Thii,  then,  we  shall  regard  as  Ihe  equivalent  weight  of  carbon ; 
and  by  similar  considerations  the  equivalent  weight  of  oxygen  will  be  found 
to  be  8,  that  of  sulphur  1«,  of  nitrogen  4|  or  V,  of  phosphorus  ^  or  CJ,  of 
iron  18|,  of  lead  103-6»  &c. 

Atomic  Weights.— Let  n»  now  compare  the  hydrogen  compoundii  of 
monogenic  and  polygenic  elements,  with  regard  to  the  nmnner  in  which 
the  hydrogen  contained  in  them  maybe  rcplnecd  by  other  elements^^  Com- 
pare first  hydrochloric  acid  and  water.  When  hydrm'liloric  acid  t«  acted 
upon  by  certain  metals,  a«  soilinm,  xinc,  or  mnpnesittm*  the  Khok  of  the 
hjrihogpji  js  expelled,  and  the  chlorine  enters  into  combiTiation  with  an 
eguiruhnt  qnautity  of  the  metal;  t\vn*  I\»V^  V^t\*  v»t*  Ivydrocliloine  acid 
(=^  J  purt  hvdrogen  +  85*6  chlorine |  mv\  "U  i^o^V\uu\  ^\*sV\\  v»v\  ^1  Iv^^b 


en  ^^ 


0,3^       . 


.v<t%       I 
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bjdrogen  and  23  -f*  2'**'*  (^  *^S  ^)  so^tiwni  clilorltlc;  there  is  no  Buch  thing 
ax  I  he  expulsion  of  pnti  of  the  hydrogi>u,  or  iha  UH'\nt\.i\m\  ol'  a  couiptJimd 
coiitniuifig  both  hydrogen  und  metal  in  combination  with  the  chluriuo. 

With  wttter,  boweirer,  llic  case  is  different.     When,  indium  ia  thrown  upon 
water,  9  part^  of  that  ooinpound  {^=,  1  hydrogen  -{-  8  oxygen)  are  decom* 
edf  La  sucli  a  mutiuer  tbut  hairoi'  ihe  hydrogen  is  expelled  by  an  eqiiir- 

«lii  qtianiity  of  sodium,  — ,  and  sodium  hydrate  is  formed  coataming  :^ 


Bodiiau. 

2a 


r      + 


Hyflrtigen. 
1 


Qx7g«o. 
8 


Thia  compound  rpmains  in  the  solid  stAte  when  tbo  liquid  ij*  cTaporaled 

I  dryncas;  and  if  it  be  further  heated  in  a  Inbe  wilh  flodium,  the  rLMuuining 

of  the  hydrogen  is  li riven  off,  and  utihydrous  sodium-oxide  remainflj 

ompoiied  of  323  pari*!;  !^ odium  -j    8  oxygen. 

Water  differs,   therefore,   from  liylroublorjo   acid  in  tbia   respect,   tbtit 

I  hydrogen  may  be  replaced  by  »  monogeoie  metal  in  two  etftml  portiotij?, 

ielding  HuccefiKively  a  bydrute  and  an   iir*hydroii»  oxide,  the  relalious  of 

l^liich  to  the  original  compound  m:iy  be  thu^  roprc^ieuted :  ^ — 

WntiT*  S<Hllnm-h>(tr»t«.  SiHltiim-oxido. 


tlydrog««ii.       Oxjrgea.  liyd.  8ud.         Ojt,  StHlluiti. 


+  8; 


r,  multiplying  by  2,  to  avoid  fi'actionsi  of  cquiTalcnt  weights: 


IIjtlFogf>n.        Ox  V  gen.  ll^d.  SotL         Ox.  Sodimia,  Qx. 

(1   +   1)    +    10  (1     +     23)  +  ia       (23  +  23)  +  16. 

It  appears  from  this  tbat  2  x  B.  or  IG  partu  of  oxygen,  ia  the  smallest 
aantity  of  oxygen  thuL  ^wn  be  sitpponed  to  enter  into  the  reuelion  just 
^oaaidereilf  if  we  would  ayoid  speaking  of  frnctiouM  of  eqidvuleuts;   and 
w«  flbaU  find  hereafter  that  the  ttmn^i  t^  true  with  regard  to  all  other  well- 
'       defined  reikction*  in  whieh  oxygen  takes   part.     Hence   this   quantity  of 
I       oxygen  IG  parts  by  weiglit  (hydrogen  being  the  unit),  id  called  an  m<^Viii6J^ 
weight,  or  atomic  weiffht,  or  au  atom  of  oxygen  ♦ 

Lei  ua  now  consider  the  liydrogen  coti] pound  of  nitrogen ,  thftt  is  to 
•ay,  ammonia.  Thia  is  conijiosed  of  1  part  of  hydrogen  united  with  4} 
or  *|*  of  nitrogen.  Now  in  Ihia  compound  the  hydrogen  ia  replaceable  by 
^^^irdfl  When  poia«.'<ium  i<*  heated  in  ammonia  gas,  a  compound  cnlled 
^K^a*»amine  19  formed,  in  which  one  third  of  the  hydrogen  is  replaced  by 
^^B||»t&»sium«  Another  cumpMun*!,  called  tri-pfitasmmin^,  U  also  known,  con- 
^^Hiting  of  ammonia  in  which  the  whole  of  thu  hydtrogca  ia  replaced  by  uti 
^^Muiratent  quantity  of  potaH^itirn:  — 


^  + 


Potasso-minc  -^    4- 


TripaUuiBamiae        --      -f 


Nit 
U 

;i 

Nit. 

14 

8 

Nit 

U 

a 


Hjrflrogcn. 

1  +  i  +  i 

8    ^    3    ^    2 


Kit 


H    -f    1 


Hydrogen. 

+  1  +  1 


Ujrdrogcn. 
1        .      1 


Pot. 
80 
3 
PotamiuHt. 

m   .  39 


Nit 


T  +T  + 


or    14   + 


nydrogoa, 
1     +    1 


Pot 
.  89 


Nit 


PotuatQXkL 


5ry 

•ifiyMr^liMUvivUila. 


+  T+ 3 


or    U  +  ««  -V  tt»  -V  »* 


i 
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There  is  also  a  large  class  of  compounds  derired  from  ammonia  in  like 
manner  by  the  replacement  of  \y  ),  or  the  whole  of  the  hydrogen  by  equi- 
Talent  quantities  of  certain  groups  of  elements  called  compound  radicaU  f  sea 
^  n  pAgo  287).  Hence,  by  reasoning  similar  to  that  which  was  above  applied 
^/  to  water,  it  is  inferred  that  ammonia  is  composed  of  Imparts  by  weighty  or 
8  equiTalents,  of  nitrogen  combined  with  8  parts  or  8  equiyalents  of  hydro- 
gen, and  that  the  atomic  weight  of  nitrogen  is  14. 

Next  take  the  case  of  marth-^a*  or  methane^  a  compound. of  1  part  hydro- 
gen with  8  parts  carbon.  When  this  gas  is  mixed  with  chlorine,  and  ex- 
posed to  diffused  daylight,  a  new  compound  is  formed,  in  which  one  fourth 
of  the  hydrogen  belonging  to  the  marsh-gas  is  replaced  by  an  equivalent 
quantity  of  chlorine  ;  and  if  the  chlorine  is  in  excess,  and  the  mixture  ex- 
posed to  sunshine,  three  other  compounds  are  formed,  in  which  one  half, 
three  fourths,  and  all  the  hydrogen,  are  thus  replaced.  The  results  may 
be  thus  expressed : 

Methane. 


Carbon. 


Hydrogen. 


Carbon. 


Hydrogen. 


8    +    i  +  i  +  i  +  tor    12    +     1  +  1  +  1  +  1 


Carbon. 


Hydrogen. 


Chloromethane. 
Chlorine.       Carbon.       Hydrogen. 


Chknrina. 


. +i+i+l+ 


85-5 
4 


or    12    +1+1+1    +     85-5 


Carbon.         Hydrogen. 


Dichloromethane. 
Chlorine.  Carbon.    Hydrogen. 


.+1+1+ 


85*6 


86-6 


Chlorine. 


—r-  +  -—     or    12  +  1  +  1  +  86-6  +  35  5 


Carbon.    Hyd. 


Trichloromethane  or  Chloroform. 
Chlorine.  Carb.       Hyd. 


Chlorine. 


3    +l+51!+i|l5  +  ?^or  12   +1  +    36-5 +  36-6 +  86-6 
4  4  4  4 


Carbon. 


Tetraohloromethane. 
Chlorine.  Carbon.  Chlorine. 


3    +    ?^  +  !^+i^+^orl2  + 86-5 +  85-5 +  865 +  85-6 


Hence,  by  reasoning  similar  to  the  above,,  it  is  inferred  that  marsh-gas 
is  composed  of  IZ  parts  by  weight,  or  4  equivalents  of  carbon,  and  4  parts, 
or  4  equivalents  of  hydrogen,  and  that  the  atomic  weight  of  carbon  is  12. 

According  to  the  preceding  explanations,  the  equivalent  weight  of  a  poly- 
genic element  is  the  smallest  quantity  of  it  that  can  unite  with  an  equiva- 
lent of  a  monogenic  element,  that  is,  with  1  part  of  hydrogen,  85-5  parts 
of  chlorine,  &c. ;  and  the  atomic  weight,  or  atom,  is  the  smallest  quantity  of 
an  element  that  can  unite  with  others  without  introducing  fractions  of 
equivalents.  In  the  case  of  a  monogenic  element,  the  atomic  and  equiva- 
loDt  weights  are  identical,  but  the  atomic  weigVvl  of  a^  \ko\'s^'tu\c  element  is 
always  greater  than  the  equivalent  weight  in  i\ift  xaVio  ot  \  Vfi  1,  ^,  V,  k^. 
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Wo  hikTe  BhowQ  in  three  cases  how  the  atomie  weight  of  an  el&meiil  itmj 
ilctpriuiaeil  by  the  proportiou  in  which  equivalent  substhulion  takca 
c«  in  Us  compounds  with  hjdrogen  or  other  moiuitgciiic  elpmetita,  fibul- 
ar* 8«i<letnum,  and  tellurium  farm  hydrogen  coujpouadii  exiicily  analogouB 
hU  re»pcot  to  w&tcr,  the  hydrogen  being  repli^ceiible  by  hulveii;  their 
atomic  weights  are  therefore  double  of  their  e(|uivaleni  weights.  Silicon 
forma  with  cbloriiic  s  compound  cuQiAiuiiig  7  part.s  silicon  with  B5'5  parts 
chlorine;  and  tn  ihU  one  fourth  of  the  chlorine  is  replaceable  hy  hydro- 
gen or  by  bromine:  hence  the  atomic  weight  of  silicon  is,  like  that  of 
carbon,  ei^ual  lo  four  times  the  equivalent  weight,  its  numerical  value  being 
28.  There  are  also  aome  elements  in  which  the  atomic  weight  is  equal 
to  fire  limes,  ami  others  in  which  it  is  equal  io  six  times,  the  equivalent 
'  i;  higher  ratios  have  not  been  observed. 


ll  must  not  he  aupposetl  Ihat  the  atomic  weights  of  elementary  bodies 

I  always  actuntly  deterrniiu^d  in  I  fie  rjiiiutier  above  described.    There  are 

tTeral  other  methods  of  determining  their  uumericai  values,  as  will  be 

presently  explained;  and  the  valued  obtained  by  different  metlinds  do  not 

I  always  agree;  but  the  atomic  weighiH  of  all  the  more  important  elements 
nay  be  regarde'^l  iis  definitely  fixed  within  smull  numerical  errora.  The 
equivalent  value  of  an  element  or  the  rfttio  of  the  equivalent  to  the  atomio 
weight,  U  also  subject  to  some  variation,  as  will  be  presently  explained, 
■cf'ording  to  the  view  which  may  be  taken  of  the  constitution  of  particular 
i       compound  s» 

I 

K 


The  table  on  the  next  page  exhibits  the  values  of  the  atomic  weights  of  the 
tementary  bodies  in  which  chemists  lire  now  fur  the  most  part  agreed  ;  also 
^9  abbreviated  symbols  (the  firnt  or  first  two  letters  of  their  Latin  names) 

'  which  they  are  designated  In  ohemical  formulas. 


* 


vBtmbouc  Notation. —  The  symbols,  H,  O,  N»  etc.,  »tand,  not  for  the 
^^^ineft  of  the  several  elements,  but  for  quantities  of  them  proportional  to 

f  atomic  weights.  Combination  between  elements  is  represeoted  by  the 
^  itapoaition  of  the  symbols;  thus  NaCl  represeny  sodium  chloride^  a 
Tompound  of  23  parts  by  weight  of  sodium  wi^h  81  5  parts  of  chlorine. 
Two  or  more  atoms  of  an  element  arc  represent*?d  by'placing  a  small  figure 
to  the  right  of  the  symbol,  and  a  little  below  ;  thus  IJ,  denotes  2  atoms  of 
hydrogen;  01!..  denotes  water,  a  compound  of  2  aioniH  hydrogen  with  1 
atom  oxygen  ;  PClj,  phosphorus  pcntachlorido  ;  FCjO-,  iron  sc-srjuioxide,  etc. 
The  elements  in  a  coinponnd  are  usually  placed  in  the  order  of  their  equi- 
valencies, the  highest  Jo  the  left;  but  this  order  is  often  dcpiirted  from 
when,  by  so  doing,  the  relation  between  two  or  more  compounds  under  con- 
sideration can  be  more  clearly  brought  to  light. 

The  union  of  two  atomic  groups,  or  moffcuhK,  ia  represented  by  placing 
their  symbols  together,  with  a  point  or  coniimi  between  them;  thus  sal-am- 
moniac.  formed  by  the  union  of  ammonia,  Nil,,  and  hydrocliloric  acid,  IICI, 
is  represented  by  the  formula  Nllg.UCl;  sulphuric  acid,  or  hydrogen  »ul* 
phate,  which  mtky  he  regarded  as  sulphur  trioxide  combined  with  water, 
may  be  represented  by  the  formula  SO,. Oil,. 

A  number  placed  to  the  left  of  a  group  of  symbols  not  separated  by  a 
|Hkiiit  or  comma,  multiplies  the  entire  group;  thus 3t)ll,deuotes^l molecules 
'  wftter;  but  to  denote  tlie  nuiltipljcatiun  of  a  molecule  compounded  of  two 

ler  molecules,  the  whole  forinuliL  must  he  enclosed  iu  brackets,  and  the 
nilmera!  placed  to  the  left  on  the  line,  or  to  the  right  a  little  below  it ;  thus 
2  moleeiilcf.  of  sal-ammoniac  are  ilenoted  by  2(NHy  IICI),  or  (Nll^  IlCl\^^ 

If  the  brackets  were  omitted  in  the  firs*  of  these  formu\tls,  1\ms '1  Nv^iXsX'^. 
multiiaj  onljr  the  pitrt  of  the  formula,  to  the  left  of  lUc  pomt-,  e,  g,  ^OW^'^^^ 
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Tabu  oi  Elbkihtabt  Bodixb  with  thszb  Stmbou  aho  Atohio 
Wbiohtb. 


Name. 

Symbol. 

Atomic 
Weight. 

K-. 

SymboL 

Atomic 
Weight. 

Aluminium 

Al 

27-4 

Molybdenum 

Mo 

96 

Antimony  (Sti- 

Nickel 

Ni 

68-8 

bium) 

Sb 

122 

Niobium 

Nb 

94 

Arsenic 

As 

76 

Nitrogen 

N 

14 

Barium 

Ba 

187 

Osmium 

Os 

199-2 

Beryllium 

Be 

9-4 

Oxygen 

0    ^ 

16 

Bismuth 

Bi 

210 

Palladium 

Pd 

106-6 

Boron 

B 

11 

Phosphorus 

P 

81 

Bromine 

Br 

80 

Platinum 

Pt 

197-4 

Cadmium 

Cd 

112 

Potassium 

Caesium 

Cs 

138 

(Kalium) 

K 

891 

Calcium 

Ca 

40 

Rhodium 

Rh 

104-4 

Carbon 

C 

12 

Rubidium 

Rb 

86-4 

Cerium 

Ce 

92 

Ruthenium 

Ru 

104-4 

Chlorine 

CI 

85-6 

Selenium 

Se 

79-4 

Chromium 

Cr 

62-2 

Silicium 

Si 

28 

Cobalt 

Co 

68-8 

Silver  (Argen- 

Copper      (Cu- 

tum) 

Ag 

108 

prum) 

Cu 

68-4 

Sodium  (Na- 

Didymium 

D 

95 

trium) 

Na 

28 

Erbium 

£ 

112-6 

Strontium 

Sr 

87-6 

Fluorine 

F 

19 

Sulphur 

S 

82 

Gold  (Aurum) 

Au 

197 

Tantalum 

Ta 

182 

Hydrogen 

H 

1 

Tellurium 

Te 

128 

Indium 

In 

74 

Terbium  (?) 

Iodine 

I 

127 

Thallium 

Tl 

204 

Iridium 

Ir 

198 

Thorinum 

Th 

116-7 

Iron  (Ferrum) 

Fe 

66 

Tin  (Stannum) 

Sn 

118 

Lanthanum 

La 

93-6 

Titanium 

Ti 

60 

Lead    (Plum- 

Tungsten, or 

bum) 

Pb 

207 

Wolfram 

W 

184 

Lithium 

Li 

7 

Uranium 

U 

120 

Magnesium 

Mg 

24 

Vanadium 

V 

61-2 

Manganese 

Mn 

66 

Yttrium 

Y 

61-7 

Mercury   (Hy- 

Zinc 

Zn 

66-2 

drargyrum) 

Hg 

200 

Zirconium 

Zr 

89-6 

denotes  a  compound  of  8  molecules  of  water *with  1  molecule  of  sulphur 
trioxide. 

Chemical  reactions  are  represented  by  equations,  in  which  the  symbols 
of  the  acting  bodies  are  placed  on  the  left-hand  side,  and  those  of  the 
bodies  formed  by  the  reaction,  on  the  right  hand,  the  molecules  on  either 
side  being  connected  by  the  sign  -f-*  ^^^  example,  the  action  of  zinc  on  hy- 
drochloric acid,  by  which  sine  chloride  and  free  hydrogen  are  formed,  is 
represented  by  the  equation : 


Zn     -f     2HC1 


ZnCl,     -f     H,; 


th&i  of  phosphorus  pentachloride  on  water,  which  yields  hydrochloric  and 
phosphoric  acide,  by  the  equation; 

PCls     ■+     40H,    =     6HC\    -V    '^^v 
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Numeroiifl  oUier  exftmple«  will  b«  found  in  the  foot-notes  to  the  preceding 

Phjf9icai  and  Chemical  Helation*  of  Atomic  WtighU, 

We  hiiTe  hitherto  regarded  the  atomic  weights  of  tho  olementa  as  mere 
QumericAl  expressions,  or, as  quantities  adopicd  to  represent  the  cumpo- 
•ition  of  CO  tup  oti  ads  without  introducing  fractions  of  equivfileiitB.  If  tiiia 
were  &11  that  could  be  Baid  ahout  them,  they  would  not  be  of  much  impor* 
Unce.  We  shall  see,  however,  that  theae  aante  quaatitie?  exhibit  some  re- 
markable relatians  to  the  physical  properties  of  the  elemonta,  and  to  the 
proportions  in  which  they  coiabiue  together    hy  volume. 

1.  To  the  Specific  Heat  of  the  Elementary  Bodies. — The  atomic  weights  of 
the  eleracnls,  determined  aceordiug  to  their  modes  of  cotiihinatian.  are,  for 
the  most  part,  inver^ielj  proportional  to  their  ept'cifie  heat«;  so  that  tho 
pro<iiict  of  the  apeciho  heat  into  the  ntomic  vvt*ight  is  a  cuuslani  quaullty. 
The  SAmo  quantity  of  heat  is  required  to  produce  a  given  change  of  tem- 
perAture  in  7  grams  c»f  lithium,  56  of  iroo^  1^07  of  lead,  108  of  sHver^ 
lim-7  of  gold,  21Q  of  bisrouih,  kc. 

This  relation^  already  pointed  out  in  the  chapter  on  Ileal  (p.  73),  holds 
good  with  respect  to  the  greater  uuinber  of  tbo  elements ;  but  it  cannot  be 
regarded  as  a  universal  law,  inasmuch  as  three  elements,  carbon*  «<iliciuni, 
and  boron^  whoso  atomic  weights  are  well  established  on  chemical  grounds, 
exhibit  unmistakiLble  exceptions  to  it.  Nevertheless,  in  ease  of  duubt  as 
to  the  correct  determination  of  the  atomic  weight  of  au  element  according 
to  its  mode  of  combination,  the  agreement  of  the  value  thus  obtained  with 
the  value  determln.Hl  according  to  the  specific  heat,  is  generally  regarded 
as  aflTording  strong  evidence  in  favor  of  the  result. 

2,  To  the  Crt/f(fitlinf  Form%  of  Compounfit.  — It  is  found  that,  in  many 
ease!i,  two  or  more  compounds  which,  from  chemical  considerations,  are 
supposed  to  contain  equal  numbers  of  atoms  of  their  respective  elements, 
erystallize  in  the  same  or  in  very  similar  forms.  Such  compounds  are  said 
to  be  itomorphouit,*  Thus  the  sulphates  represented  by  the  general  formnla 
80^M- <M  denoting  a  monogenic  metal)  arc  ij*omorpliouB  with  the  corre- 
sponding selenatea  SeO^M, ;  the  phosphates  PO^Mj  are  isomorphous  with 
the  corresponding  arsenates  AsO^M^,  &c. 

Accordingly,  these  isomorphous  relations  are  often  appealed  to  for  the 
purpose  of  fixing  the  constitution  of  compounds,  and  thence  dedaclng  the 
atomic  weights  of  their  elemenlB,  in  casen  which  would  otherwise  be  doubt- 
fuU  Thus  aluminium  forms  only  one  oxide,  vii.,  alumina,  which  is  com- 
posed of  18-2  parts  by  weight  of  aluminium  and  IG  parta  of  oxygon.  What, 
then,  is  the  atomic  weight  of  aluminiutri?  The  answer  to  this  question 
will  depend  upon  the  constitution  assigned  to  alumina,  M'hethcr  it  is  a  inon- 
otidd,  seaquioxido,  dioxide,  &c.    Thus: 

O.  AI. 

Monoxide  .     AlO         =16-1-         18  25 

Sesqnioxide    Al,0,       3=    48    4-     ^  J-.4 

Dioxide      .     AlO,        =     82     -\-        86-5 
Trioxide    ,     AlO,       —    48    -j-        64*8 

The  nnmbers  in  tho  last  cobtmn  of  this  (able  are  the  weights  which  must 
be  asitigned  to  the  aiom  of  aluminium,  according  to  the  several  modes  of 
eaiial&ittiioa  indioated  in  the  first  column ;  but  there  ia  noikin^  \tx  V\^t  ^^i^- 
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Biitntion  of  the  oxide  itself  that  esn  enable  ns  to  decide  between  ibem. 
Now,  iron  forms  two  oxides,  in  which  the  quantities  of  oxygen  united  with 
the  same  quantity  of  iron  are  to  one  another  as  1  :  1},  or  as  2  :  8.  These 
are  therefore  regarded  as  monoxide,  FeO,  and  sesqnioxide,  Fe,0|,  and  this 
last  oxide  is  known  to  be  isomorphous  with  alumina.  Consequently  alumina 
is  also  regarded  as  a  sesquioxide,  AI^Oj,  and  the  atomic  weight  of  aluminium 
is  inferred  to  be  27*4. 

8.  7b  the  Volume-Relationa  of  Elements  and  Cfon^»oundt. — The  atomic  wei^ts 
of  those  elements  which  are  known  to  exist  in  the  state  of  gas  or  rapor  are, 
with  one  or  two  exceptions,  proportional  to  their  specific  gravities  in  the 
same  state.  Taking  the  specific  gravity  of  hydrogen  as  unity,  those  of  the 
following  gases  and  yapors  are  expressed  by  numbers  identical  with  their 
atomic  weights: 


Hydrogen 

.      1 

Oxygen    . 

.        .    16 

Chlorine 

85.6 

Sulphur 

82 

Bromine 

.    80 

Selenium 

.    79 

Iodine 

.      127 

Tellurium    . 

.       128 

The  exceptions  to  this  rule  are  exhibited  by  phosphorus  and  arsenic,  whose 
Tapor-densities  are  twice  as  great  as  their  atomic  weights,  that  of  phos> 
phorus  being  62,  and  that  of  arsenic  150;  and  by  mercury  and  radmium, 
whose  Yapor-densltics  are  the  halves  of  their  atomic  weights,  that  of  mer- 
cury being  100,  and  that  of  cadmium  56. 

Laws  op  Combination  by  Volume. — From  the  preceding  relations,  it 
follows  that  the  volumes  of  any  two  elementary  gases  which  make  up  a 
compound  molecule,  are  to  one  another  in  the  same  ratio  as  the  numbers  of 
atoms  of  the  same  elements  which  enter  into  the  compound,  excepting  in 
the  case  of  phosphorus  and  arsenic,  for  which  the  number  of  volumes  thus 
determined  has  to  be  halved,  and  of  mercury  and  cadmium,  for  which  it 
must  be  doubled;  thus: 

The  molecule  HCl     contains        1  voL  H  and  1  vol.  CL 


ILO 

«« 

2 

«( 

H 

« 

1   "     0. 

H,N 

a 

8 

«< 

H 

« 

1   "     N. 

H,P 

i( 

r     8 
\or  6 

H 
H 

(1 

}  "  P. 
1  "     P. 

CljAs 

«( 

/      8 
1  or  6 

a 

Cl 

i< 

}  "  As. 
1   "   As. 

CljHg'^ 

«( 

2 

t< 

Cl 

It 

2   "  Hg. 

If  the  smallest  volume  of  a  gaseous  element  that  can  enter  into  combi- 
nation be  called  the  combining  volume  of  that  element,  the  law  of  combi- 
nation may  be  expre8Se<l  as  follows :  The  combining  volumes  of  all  elementary 
gases  are  equal,  ezeepling  those  of  phosphorus  and  arsenic,  which  are  onlt/  half 
those  of  the  other  elements  in  the  gaseous  stale,  and  those  of  mercury  and  cadmium, 
which  are  double  those  of  the  other  elements. 

It  appears,  then,  that  in  nil  cases  the  volumes  in  which  gaseous  elements 
combine  together  may  be  expressed  by  very  simple  numbers.  This  is  the 
**Law  of  Volumes,"  first  .observed  by  Humboldt  and  Gay-Lussac  in  1805, 
with  regard  to  the  combination  of  oxygen  and .  hydrogen,  and  afterwards 
established  in  other  cases  by  Gay-Lussao,  whose  observations,  published  in 
his  **  Theory  of  Volumes,"  afforded  new  and  independent  evidence  of  the 
combination  of  bodies  in  definite  and  multiple  proportions,  in  corroboration 
of  that  derived  from  the  previously  observed  proportions  of  eombination 
bjr  weif^bt.  ' 

Qa^'Imbbm  likewise  obsenred  that  Uie  pToduei  ot  t\L«\»i\Qii  ^t  v^^  f^af^«. 
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-When  Itaelf  a  gas^  somctinies  retnini)  the  original  Tolume  of  its  conslituents, 

Dio  coatrtictioD  or  change  of  volume  renulLmg  from   the  coiuMtiuimii,  but 

ii»t   whi'it  contraction  tuke^  place,  wiiicb  in  thc^   uiust  cominoti  cik^c,   llie 

Volume  of  ihts  compound  ga±^  ulwuys  hi^iir^  tt  auupU^  ratio  to  the  volumes  of 

itit  elements;  niid  ^ub5e.i|ueiii  ubst*rvittIon,  cictetided  ovi^r  u  vary  large  auui- 

er  of  compounds,  orgaiiic  sls»  well  as  itiorgniiic,  biiii  shown  tbut,  with  a  few 

eptionB,  prohajjljr'  otiJ)'  iippareut,   the  tnoircutcs  of  compound  bodtti  m  the 

ous  tfaff  ocrupif  ($cice  the  volume  of  an  atom  of  hydrogai  gai.     No  malter 

iC  may  be  rbe  number  of  Atotiin  or  voiwraes  ibat  enter  into  the  compounti, 

ey  ail  become  condca^ed  in(o  two  volumes,  thus: 

1  Tol.  H  and  1  toI.  CI  form  2  voL  HCl.  hydrocbloric  acid. 

1  **    N    **     1     *♦    O      **     2    •'    NU,  niirogcu  dioiiile. 

2  ^*    H    '*    1    **    0      **    2    •*    H^O,  w;iier. 
8    **    H    **    1     **    N      "     2    **    lljN,  ammonia, 

3  ♦*    H    »*    i    ♦*    P      **     2    "    M,l\  bydrogen  phoapliide. 


Similarly  m  (he  union  of  compound  gasee,  €.  g, 

I  vol.  ethyl,  CjH,.  and  1  toL  CI,  form  2  toL  CjH^Cl, 


2  "  ethyl,  CjH^, 
2  **  ethene.  CjH^, 
2    **  cthene,  C,H^, 


O 

CI 

o 


(C,H,),0 

c,H,rv 

Cjll^O, 


ethyl 

cblorido, 

ethyl 

oxide. 

ethcne 
chloride. 

ethene 

oxide. 


Hence  it  follows  that  the  itpedjic  ^raviUj  of  any  compound  ga%  or  vapor,  re- 
\/frTed  to  hitdro^en  at  unity,  i»  equal  to  half  Us  ntomic  or  mokcutar  weight. 
I     The  quotient  obt&inetl  by  dividing  the  molecular  weiighL  of  a  body  by  lis 
Mpecific  gravity  is  called  it»  Speei^c  otr  Afftmtc  roiumf ;    bence  the  law  just 

ated  may  aUo  be  tbui^  expressed :    The  specific  volumes  of  compound  gate*  or 
t  referred  to  that  of  hgdr&gen  n*  unity  urr.^  with  a  feu?  euceptiona^  equal  to  2, 
l^e  shall  pretiently  sbuw  that  the  same  law  applies  to  the  specific  volumes 
r«f  the  elementary  gaeeg  themselvej*. 

For  many  years  piist,  attemptts  have  boon  made  to  extend  to  solids  and  liquids 
{the  resulrH  of  Gay-LuMsac'»  discovery  of  the  Inw  of  gaseous  combinntton  by 
I  volume,  the  specific  volumes  of  the  bodien  in  question  being  determined  by 
[the  method  purf^ued  in  *he  caae  of  gases  ^namely,  by  dividing  the  niole- 
l  enlar  weight  by  the  specific  gravity.  The  numbers  obiained  in  Ibia  nmuQur, 
[representing  the  specific  volumen  of  the  various  solid  and  liquid  eleinenlary 
[•ubstanees,  pre^^rnt  far  more  ca»es  of  dij*crepancy  thnii  of  agreement.  The 
flatter  are,  however,  sufhcicntly  numerous  to  excite  great  itHerest  in  the  in- 
t«'ttttgatioii.  Some  of  the  results  poinlvd  out  are  exceedingly  curioua  aa 
^  fur  as  they  go,  but  arc  not  as  y*^\  j^nHicient  to  justify  f\,ny  genern)  eoticlusion. 
I  The  inquiry  ia  beset  with  many  great  difficulties,  chiefly  arising  from  the 
rliaequal  expansion  of  solids  and  liquids  by  beat,  and  the  great  differences 

'physical  state,  and,  coniequenily,  of  apucifiv  gravity,  often  presented  by 

Fformer* 
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The  laws  of  chemical  combination,  and  the  relations  between  atomic  and 

^uivalent  weights  above  explained^  are  the  re^^ull  of  pure  experimental  in- 

ijuiry,  and  independent  of  nil  hypothesis.     In  this*  bowevor^  as  in  other 

branches  of  science,  tbc   eompridiension  of  experimental  resuUiK  toul^  b% 

f  greatly  faciJititled  hy  eudeuvoriug  to  refer  them  to  a  gcneittX  \vv\v  qt  w\w\<i 

I  *r  avtion.     Tliui  BO  Htteoipt  should  be  mude  to  expUin  tUe  tnawiifii  v\i  viVvvlV 
1  *>ti  *  


L*0 
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chemical  compounds  are  formed,  and  to  point  out  the  aature  of  the  relationf 
between  the  diflferent  modifications  of  matter  which  determine  chemical 
chiitigCB,  would,  indeed,  be  contrury  to  the  ppeculfttive  tendency  of  the 
human  mmd.  Such  an  attempt  —  and  a  very  ingenious  and  euccei?Bfiil  one 
it  ifl — 'has,  in  fact,  been  made,  namely,  the  atomic  hypothesis  of  Dr,  Ualton. 

From  very  ancient  timea,  the  question  of  the  constitution  of  matter  with 
respect  to  divLBibility  has  been  debated,  some  adopting  the  opinion  that  this 
divimbiliiy  h  infinite,  and  others,  that  when  the  parttulet^  become  reduced 
to  a  certain  degree  of  tenuity,  far,  indeed,  beyond  any  gtate  tiiat  can  be 
reached  by  mechanical  meiiu»,  they  ceji^e  to  be  further  ili  mi  niched  in  magni« 
tude;  they  become,  in  short,  atoms.*  Now,  however  the  iinuginalion  ma/ 
succeed  in  figuring  to  itself  the  condition  of  matter  on  either  view,  it  ia 
hardly  itcccsHury  to  mention  that  we  have  absolutely  nu  means  at  our  dia- 
poaal  for  deciding  Buch  a  question,  which  remains  at  the  present  day  in  the 
same  Mate  as  when  it  first  engaged  the  attention  of  the  Greek  philosophers, 
or  perhaps  that  of  the  aagCB  of  Egypt  and  llindostan  long  before  them. 

DaUon'a  hypotheais  sets  out  by  aw^uming  the  existence  of  such  atoms  or 
indivisible  particles,  and  states,  that  compounds  are  formed  by  the  union  of 
atoms  of  diflFerent  bodies,  one  to  one,  one  to  two,  &:c.  The  compound  atom, 
or  molecule,  joins  itself  in  the  same  manner  to  a  compound  atom  of  another 
kind,  and  a  comblnalion  of  the  second  order  results.  Let  it  be  granted, 
further,  that  the  atoms  of  different  elements  have  diierent  weigh  I  ti,  ilxvd 
and  invariable  for  each,  and  the  hypothesis  becomes  capable  of  rendering 
consistent  and  satistactory  reasons  for  uU  the  observed  numerical  laws  of 
chemical  combination. 

Chemical  compounds  must  alway!i  be  definite;  fhey  must  always  contain 
the  same  number  of  atom.";  of  the  same  kind  arranged  in  a  similar  manner. 
The  same  kind  and  number  of  atoms  need  not,  however,  of  necessity  pro- 
duce the  same  substance,  for  they  may  be  differently  arranged;  and  muoh 
depends  upon  this  circumstance. 

Agaiu,  the  law  of  multiple  proportions  is  perfectly  well  explained.  On© 
atom  of  carbon  unites  wiih  one  atom  of  oiygen  to  form  carbon  monoxide, 
and  with  two  atoms  to  form  carbon  dioxide;  one  atom  of  sulphur  with  two 
and  three  atoms  of  oxygen  to  form  the  dioxide  and  Irioxide  of  sulphur; 
one  atom  of  phosphorus  with  three  and  five  atoms  of  chlorine  to  form  the 
trichloride  and  pentachloride  of  phc^sphorus;  two  atoms  of  nitrogen  with 
one,  two,  three,  four  and  five  atoms  of  oxygen  to  form  the  five  oxides  already 
mentioned  (pp.  167,  220). 

The  atomic  hypothesis  likewise  affords  an  easy  explanation  of  the  manner 
in  which  bodies  replace  or  may  be  pubstituied  one  for  the  other*  Herfi  ~ 
however,  we  come  upon  an  extenston  of  the  original  Daltonian  hypolhemi 
It  was  formerly  supposed  that  when  on©  element  replaced  another  in  com-' 
bination,  the  substitution  always  took  place  atom  for  atom;  and  accordingly 
the  terms  "atoms"  and  *'equivalent"  were  regarded  as  synonymous,  at 
least  so  far  as  nomerical  value  waa  concerned.  But.  according  to  the 
atomic  weights  now  adopted,  and  determined  hy  the  cunsiderations  above 
explained,  we  must  suppose  that  one  atom  of  an  element  may  t«ke  the  place 
of  I  wo,  three,  four  atoms,  &c.,  of  another.  It  ts  only,  in  fact,  the  atoms 
of  monogenic  elements  that  can  replace  each  other  one  by  one:  an  atom 
of  a  polygenic  element,  on  the  other  band,  alwnys  tnkes  the  place  of,  or  is 
equivalent  to,  two  or  more  atoms  of  a  monoj^enic  element. 

This  diitTevenoe  of  equivalent  or  saturating  power  is  often  denoted  by 
placing  dashes  or  Homan  numerals  to  the  right  of  the  Bymbf>l  of  an  ele- 
ment, and  at  the  top,  as  C,  B"',  C,  Ac. ;  and  the  seyeral  elements  are 

t  'Armimt  that  which  caaaot  \i«  cat. 
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UniTalent  elements,  or  Monads,  as  H 

BWaleni  "  Djads      "  0'^ 

Trivalent  "  Triads      "  W'^ 

QuadriTalent    "  Tetrads    "  C** 

QuinqaWalent  <*  Pentads    *'  P* 

Sexvalent         «  Hezads     '*  W^ 

Elemeiits  of  eyen  equWaleney,  yii.,  the  dyads,  tetrads,  and  hezads,  are 
also  ineluded  mider  the  general  term  orfunit,*  and  those  of  nneven  equWa- 
lenej,  ris.,  the  monads,  triads,  and  pentads,  are  designated  generally  as 

Another  method  of  indicating  the  equiyalent  yalues  of  the  elementary 
atoms,  and  the  manner  in  which  they  are  satisfied  by  combination,  is  to 
arrange  the  symbols  in  diagrams  in  which  each  element  is  connected  with 
others  by  a  number  of  lines,  or  connecting  bonds,  corresponding  to  its 
degree  of  equiyalence ;  %  a  monad  being  connected  with  other  elements  by 
only  one  such  bond,  a  triad  by  three,  a  hezad  by  siz,  &o.,  as  in  the  follow- 
ing azamples:  — 

Water,  OH, H— O— H  . 

Carbon  diozide,  CO, OsssCasO 

a 

H- 
Ammonium  chloride,  NH4CI 


Sulphurio  oxide,  SO,. 


Sulphoric  acid,  SO4H, 


S«0 

H 
0 

0 

II 

H—O— a-O— H 


Nitric  acid,  NO|H 


Zinc  nitrate,  N,0«Zn 


0 

II 

, 

N— O-H 

II 

0 

0 

0 

II 

II 

N— 0— Zn— 0— N 

H 

II 

0 

0 

It  must  be  distinctly  understood  that  these  formuUe — which  may  be  called 
conMUtutional /(Mrmulm  —  are  not  intended  to  represent  the  actual  arrangement 

•  'Apri*(,  ereo.  f  Ofpiwrdf,  uneren. 

I  The  symltols  of  tbo  el«nienta  in  thcM  dfagnuns  are  often  enclo«ed  in  circlw  to  ropriv^nt  the 
atoflu,  with  rajrt  divenping  from  them  to  indicate  the  number  of  connecting  Ijonds;  Kueh  for- 
mvUe  are  called  graphte  formtUa ;  but  the  circlea  do  not  add  anything  to  the  clenrnem  of  the 
repreaenution,  mkI  may  as  well  be  omittf>d.  For  lecture  and  clau  IWuBtTftlVon^  wA\^  <\\«m;ncn\« 
ct»dt  whh  wooden  balh  of  nuiouB  colon,  to  represent  the  atoma,  Vv«t\B%  \io\«a  toe 
I  or  ooaaecHag  rods;  the§e  raprefentations  are  called  l|lypt»c  /ormulA. 
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of  the  atoms  in  a  compound ;  indeed,  OTen  if  we  hmd  a  distinct  notion  of 
the  manner  in  ^hioh  the  atoms  of  any  compound  are  arranged,  it  could  not 
be  adequately  represented  on  a  plane  surface.  The  lines  connecting  the 
different  atoms  indicate  nothing  more  than  the  number  of  units  of  equiva- 
lency belonging  to  the  several  atoms,  and  the  manner  in  which  they  ar« 
disposed  of  by  combination  with  those  of  other  atoms.  Thus  the  formula 
for  nitric  add  indicates  that  two  of  the  three  constituent  oxygen-atoms  are 
combined  with  the  nitrogen  alone,  and  are  consequently  attached  to  thai 
element  by  both  their  units  of  equivalency,  whereas  the  third  oxygen-atom 
is  combined  both  with  nitrogen  and  with  hydrogen. 

By  inspection  of  the  preceding  diagrams,  it  will  be  obserred  that  every 
atom  of  a  compound  has  each  of  its  units  of  equivalency  satisfied  by  com- 
bination with  a  unit  belonging  to  some  other  atom.  Such,  indeed,  is  the 
case  in  every  saturated  or  normal  compound.  Accordingly,  it  is  found  that  in 
all  Buoli  compounds  the  sum  of  the  perissad  elements  is  always  an  even  num- 
ber. Thus  a  compound  may  contain  two,  four,  six,  &c.,  monad  atoms,  as 
HCl,  on,,  CH4,  CjII^  CgHg.  SiHjGl ;  or  one  monad  and  one  triad  atom,  as 
BCI3;  or  one  pentad  and  live  monads,  as  NH4CI;  but  never  an  uneven  num- 
ber of  perissad  atoms.  This  is  the  "law  of  even  numbers"  announced 
some  years  ago  by  Gerhard t  and  Laurent  as  a  result  of  observation.  It 
was  long  received  with  doubt,  but  has  now  been  confirmed  by  the  analysis 
of  so  many  well-defined  compounds,  that  a  departure  from  it  is  looked  upon 
as  a  sure  indication  of  incorrect  analysis. 

For  a  similar  reason,  the  atoms  of  elementary  bodies  rarely  exist  in  the 
free  state,  but,  when  separated  from  any  compound,  tend  to  combine  with 
other  atoms,  either  of  the  same  or  of  some  other  clement.  Perissad  clc- 
menta,  like  hydrogen,  chlorine,  nitrogen,  &c.,  separate  from  their  compounds 
in  pairs ;  their  molecule  contains  two  atoms,  e.  g.  H  — H.  Artiad  elements 
may  unite  in  groups  of  two,  three,  or  more;  thus  the  molecule  of  oxygen, 
in  its  ordinary  state,  probably,  contains  two  atoms,  that  of  oione  three 
atoms;  thus: 

Oxygen 0=0 

Osone 0  —  0 

\/ 

0 
The  tendency  of  elementary  atoms  to  separate  in  groups  is  shown  in 
various  ways.     Thus  when  copper  hydride,  CujHg  (to  be  hereafter  de- 
scribed), is  decomposed  by  hydrochloric  acid,  a  quantity  of  hydrogen  is 
given  off  equal  to  twice  that  which  is  contained  in  the  hydride  itself;  thus: 

Cu,H,  4-  2HC1  =  CujClj  +  2HH. 

This  action  is  precisely  analogous  to  that  of  hydrochloric  acid  on  cuprous 
oxide: 

CujO  4-  2HC1  =  CujCl,  -f  OH,. 

In  the  latter  case,  the  hydrogen  separated  from  the  hydrochloric  acid 
unites  with  oxygen,  in  the  former  with  hydrogen.  Again,  when  solutions 
of  sulphurous  acid  and  sulph-bydric  acid  are  mixed,  the  whole  of  the  sul- 
phur is  precipitated : 

SO,n,  +  2SH,  =  80H,  +  S.S, 

the  action  being  similar  to  that  of  sulphurous  acid  on  selenhydrie  acid: 
SOgH,  -I-  2SeH,  =  80H,  +  S.Se,. 
la  the  one  caae,  a  sulphide  of  sdeiiium  k  ^pMrtnttalMt  In  ik#  mAmm.  % 
suJpAJde  of  sulphur.     The  precipiUtiMA  «C  V 
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mixing  hjdHodic  acid  with  iodic  iMaidf  Affords  »  BimilAr  insianoo  of  the 
Gombiaation  of  homogeneous  atoms: 

61H  4-      lOjH      ^  30H,  =        311 

Hjdriodic  acid.     Iodic  ucid.     Water.      Free  iodine. 

I  Another  Btrihing  illustratioD  of  this  mode  of  action  la  afforded  hy  the  re- 
[  duetjon  of  eertain  uietallio  oxides  by  hydrogen  dioxidta.  When  silver  oxide 
J  IB  thrown  into  this  liquid,  water  is  t'ori^^d;  the  siWer  m  roducp<i  to  the 
laiaiailic  ffUle,  and  a  quantity  of  oxygen  in  evolved  equal  to  twico  thai  which 
lis  eontained  in  the  silver  oxide : 


Sliver         Hydrogen 
oxide.  dioxide. 


on,    +    Ag, 

Wuier.         Silver* 


+       00 
Oxygea. 


Further,  eletnentary  bodies  frequently  aet  upon  others  as  if  their  atomD 
[were  associated  in  binary  groups.  Thus,  chlorine  acting  upon  potash 
[forms  two  cotnpounds,  the  ehloride  and  liypocMorlte  of  potaaaium  (p.  185): 

ClCl  +  OKK  ^  CIK  -f  OCIK, 

L  Again,  in  the  action  of  chlorine  upon  many  orgatiic  compounds^  one  atom 
|©f  chlorine  removes  one  atom  of  hydrogen  hh  hjdrochlorit'  acid,  while  nn- 
Dther  atom  of  chlorine  takes  the  plaoe  of  Uie  hydrogen  Ibua  removed.  For 
lexjunple.  in  the  formation  of  chloraoetio  acid  hy  the  action  of  chorine  on 
(acetic  acid : 

^i^4f\  +  ClCl  =  Ha  +  C.HjClO, 
Acetic  acid.  Cbloracetic  aeid. 

Similarly,  when  metallic  sulphidca  oxidize  in  the  air,  both  the  metal  and 
I  the  sulphur  combine  with  oxyj^^en;  and  sulphur  acting  upon  potai$h  forma 
lt>otb  a  oulphide  and  a  hypa.Hulphito^  In  all  these  cases  the  atoms  of  the 
I#letnenlary  hod  if  s  act  in  pairs. 

On  the  supposition  that  tho  molecules  of  elementary  bodies  in  the  gnseoua 
|«tatc  are  made  up  of  two  atomH,  tbw  specific  volumes  of  these  gunca  will 
icomc  under  the  same  law  as  that  which  Jipplios  to  coiiipoundt^  (p.  2121));  and 
\%i  may  then  be  stated  gene  rut  Jy,  tluil,  with  the  few  excerptions  already  no- 
ticed,  (he  itpKific  gravitiet  of  nU  b^nUrH,  Kimple  mui  compound^  in  thr  gasfout 
stftfc^  ttfe  rqutti  to  fyiff  tkttr  malt^ulitr  wrif/hU  ,*  or  thf  Jtpfrijic  roiumr  (the  quo- 
.tients  of  the  molecular  weight  by  the  specific  gravities)  art  equal  to  2. 

yomrnon  0/  Equivalenry,  —  Multivalent  or  polygenio  elements  often  ex- 

bibtt  VArying  degrees  of  equivalency.     Thus  earboin  which  is  quadrivalent 

tin  mar^h  ga.i,  CH^,  and  in  carboti  dioxi«ie,  TO^,  is  only  bivalent  in  cjirbou 

jmonoxidi',  CU;  ntirogen,  which  is  qiiinquivnlent  in  &al-atiimoniac,  NH/'L 

I  nnd  the  other  amnionium  salts,  and  111  nitro^i»n  peiiioxlde,  NjOj.  is  (rivaleut 

[in  ammnniii,  NH^,  and  in  nitrogen  trioxide,  N^O,,  and  univalent  in  nitrogen 

Imonoxide,  N,Ot  sulphur,  also,  which  is  sexvalent  in  sulphur  trioxide,  SO^ 

[is  qiiadrivalcnl  in  sulphur  dioxide,  SO,,  and  bivalent  in  hydrogen  sulphide, 

rfill^,  and  in  many  melnllic  sulphides.     In  these  cases,  and  in  nil  others  of 

iTaryiog  equivalency,   th(^   variation  alway.^t   taki-s  place  by  two  units  of 

^equivtlcncy.     It  is  not  very  easy  to  account  for  (heso  variations;  but  it  ia 

pbserved  in  all  cases  that  the  cornpoumls  m  which  Ihe  equivalency  of  apo- 

'^         '    ni«>v,..,,j  \^  mojjt  compli'tely  saiisfied  are  more  stable  ihan  the  others^ 

Her  lend  to  pfi*'!^  inio  the  former  by  taking  up  the  required 

ivalent  or  bivalent  atoms;  thus,  cnrbon  monoxide,  CO,  easily 

En&«s  up  nnothor  atom  of  oxygen  to  form  the  dioxide,  CO,;  nitrogen  (ri- 

>xidt%N,0,.  i*  readily  eonven4sd  into  the  pentoxide,  N/>j;  an\mo»w\i\,  ^U^, 

— \t«»  T%-mlilj  with  hj'droebhric  acid  to  form  snl-Mttmonmc,  ^UJCL^ei. 
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Similar  phenomena  are  exhibited  by  manj  organo-metallie  bodies,  as  will 
be  explained  further  on. 

From  this  it  seems  most  probable  that  the  true  equivalency  or  atomicity 
of  a  polygenic  element  is  that  which  corresponds  with  the  maximum  num- 
ber of  monad  atoms  with  which  it  can  combine,  but  that  one  or  two  pairs 
of  its  units  of  equivalency  may,  under  certain  circumstances,  remain  un- 
saturated. Whether  a  saturated  or  an  unsaturated  element  is  formed,  will 
depend  on  a  variety  of  conditions,  often  in  great  measure  on  the  relative 
quantities  of  the  acting  substances.  Thus,  phosphorus,  which  is  a  pentad 
element,  forms  with  chlorine,  either  a  trichloride,  PCI3,  or  a  pentachloride, 
PCI5,  according  as  the  phosphorus  or  the  chlorine  is  in  excess  (p.  217).* 

In  compounds  containing  two  or  more  atoms  of  the  same  polygenic 
element,  one  or  more  units  of  equivalence  belonging  to  each  of  these  atoms 
may  be  neutralized  by  combination  with  those  of  another  atom  of  the  same 
kind,  so  that  the  element  in  question  will  appear  to  enter  into  the  compound 
with  less  than  its  normal  degree  of  equivalence.  Thus,  in  ethane,  or  di- 
methyl, C,Hg.  which  is  a  perfectly  stable  compound,  having  no  tendency  to 
take  up  an  additional  number  of  atoms  of  hydrogen  or  any  other  element, 
the  carbon  appears  to  be  trivalent  instead  of  quadrivalent ;  similarly  in 
propane,  C^H,,  its  equivalence  appears  to  be  reduced  to  | ;  and  in  quartane 
or  diethyl,  C^H,^,  to  |.  In  all  these  oases,  however,  the  diminution  of 
equivalent  value  in  the  carbon  atoms  is  only  apparent,  as  may  be  seen  from 
the  following  formulie : 


EthMie. 
H 

Propana 
H 

Qnartane. 
H 

H— C— H 

H— C— H 

H— C— H 

H— C— H 

H— C— H 

H— C— H 

A 

H— C— H 

H— C— H 

A 

H— C— H 

or,  more  shortly,  omitting  the 

eqaWalenl  marks  of  the  monad  atoms 

CH, 

CH,       . 

CH, 

CH, 

CH, 

CH, 

CH, 
CH,. 

In  each  of  these  compounds,  every  carbon  atom,  except  the  two  outside 
ones,  has  two  of  its  units  of  equivalence  satisfied  by  combination  with  those 
of  the  neighboring  carbon  atoms,  while  each  of  the  two  exterior  ones  has 
only  one  unit  thus  satisfied.  Hence  in  any  similarly  constituted  compound 
containing  n  carbon  atoms,  the  number  of  units  of  equivalence  remaining 
to  be  satisfied  by  the  hydrogen  atoms  is  4n  — 2(«  — 2)  —  2  =  2n  -f  2. 
The  general  formula  of  this  series  of  hydrocarbons  is,  therefore,  C.H,.^.^ 

and  the  equivalent  value  of  the  carbon  is  -fjlr- 

n 
•  See  nlBO  ErIeDmeyer,  "  Lehrbuch  der  orgukdiea  Cftienie.*   \^cv^  xaA.  BxMrite«i, 
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III  other  cases,  multtv&leiit  fttoms  maj  be  united  bj  two  or  more  of  Lheir 

Innitfii  of  equivttlence^  so  ttiat  their  eombiQlng  jjowor  may  iippcMiir  to  be>  t^iill 

^arthcr  reduced,  ttu  in  tiie  hydrocarbon,  Cjli^,  in  which  the  ciirbou  may  he 

ppurently  bivaleiit,  and  in  C^U^  in  which  it  may  appear  to  be  univalent  ^ 


H        — C— II 

h-JLh 


C-H 

Lh. 


In  all  cases,  the  equivalent  value  or  atomicity  of  an  eleraont  must  be  do- 

ermlned  by  the  number  of  monad  atoii»!»  with  which  it  van  couihiae.     Of 

^ad  aiooiii,  indeed,  auy  elt'tnt^nt  or  compound  may  lake  up  aa  itidvfiuile 

pumber,  without  uUeraliun  of  it^  cquivaletice  or  coiuhiiiiiig  powers;   for 

cb  dyad  atom,  poti^edshig  two  unitM  of  e^iuivsilDDcy,  neutraUces  otno  unit 

i  the  compound  which  it  enter;^,  and  intrudyce;!  auother,  leaviog,  thorefore^ 

be  equtvateoce  or  eornbiniDg  piciwer  of  llje  e^tm  pound  just  whai  it  wus  he- 

Thus  pota8?fium  form^)  only  one  chloride,  RCl,  and  in,  therefore,  iini- 

alent  or  monadic;  but  in  addiiion  lo  tiw^  oxtde,   K5O.  correHpondinp  to 

bUchloride,  it  likewise  furniii  two  others,  via.,  K^jO^and  KjQ^,  in  tbo  former 

f  which  it  might  be  rep;arded  as  dyadic,  and  iti  the  laller  as  tetradic  ;  but 

the  manaer  in  which  dyad  oxyp^en  entera  thei3(d  compoundti  IB  eiasily  seen 

*bj  inspeciion  of  the  following  diagrams: 


0<| 


0— K 

u 


Tt'trDxtdB 
0— K 

A 
i 


It  is  ©Tident  that  ftny  number  of  oxygen-atoma  might,  in  like  manner,  be 
l&eerted  without  diaturbing  the  balatioe  of  ei|uiTulcncy.  If,  indeed,  we 
turn  to  the  sulpbides  of  potasainni,  in  which  the  widphiir  1.^  dyiidie,  like 
oxygen^  we  find  the  Berie»,  KjS,,  K^S^,  K^*"^*'  K.yS^,  K,8j.  the  coniitiiniion  of 
which  may  bo  represented  in  n  precisely  ahnilar  manner  Hence  the  efiui- 
Talence  of  any  element  must  be  detertuined  by  the  compot^iiion  uf  ila  ehlo' 
rides,  bromides,  iodides,  or  fluorides,  not  by  that  of  ita  oxides  or  sulphides. 
Assuming  then  that  the  muxinium  equiTalence  of  a  polygenic  element  if 
at  which  represents  its  normal  mode  of  combination,  the  elementary  *" 
»dies  may  be  classified  as  in  the  following  table,  in  which  the  nnmen  of 
*♦  metalloids  are  printed  in  ilMlics,  those  of  the  metals  in  lioman  type,  ruid 
e  elements  are  further  divided  by  horiznntal  lines  into  groups  eonHisting 
elements  closely  related  in  ilieir  chemicnl  chariietera:  in  emdi  of  IheMO 
upH  I  he  elemeot^  are  arranged  in  the  order  of  their  aLonLio  weighta,  be- 
inning  with  the  lowest,  (See  Table,  p.  220,) 
The  position  of  several  of  the  elements  in  thia  arrangement  muat  be  re- 
gpanied  as  still  somewhat  doubt fut  Ntfrnfjtn^  phofpAoruM,  arftrmct  tuttimuHtf, 
d  irtsmti/h,  though  quinquivalent  in  a  considerable  number  of  compounds, 
aaitnonium-ehlortde.  NH^CI.  phoBiphoriii  pcntaehb»ride,  Ft'l^,  eto.»  never- 
less  form  very  stable  oompourtda,  us  Nil,,  A»i\  As,U,,  eic,  in  which 
f  arc  trivalent.  It  is  true  that  these  cotapounds  pass  with  t<derablo 
lity  into  others  in  which  the  uiirofren,  phosphorus,  etc,  ^rc  ^^wSwlxvvv 
»*,  ftmi  thcfv  IfiUer  bhn%v  no  diapoisitioa  lo  aVlauU  to  l\A<sm*e\N' 'cit  vvwj 
iooAt  number  of  moaad  atoms ;   but,  oa  ihti  oVUer  Ut^nclA^^'i*^  \ft.V.\»l 
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compounds  do  not  appear  to  be  yery  stable,  inasmuch  as  tfaej  easily  split 
up,  when  Yolatilized,  in  such  a  manner  as  to  yield  compounds  of  the  triadic 


Monadfl. 

Dywk. 

TrUda. 

Tetrads. 

Pentedi. 

H^ 

Hydrogen 

Oxygen 

Boron 

Carbon 
Silicon 
Titanium 
Tin 

Nitrogen 

Vanadium 
Arsenic 
Antimony 
Bismuth 

Sulphur 
TeUurium 

Fluorine 

dhlnrinA 

Caloium 

Strontium 

Barium 

Gold 

Bromine 
Iodine 

ThaUium 

Chromium 
Molyb- 

deniim 
TansBtn 

Aluminium 
Zirconium 

Berylium 

yttrium 

Lanthanum 

Didymium 

Erbium 

Thorinum 

Lithium 

Sodium 

Potassium 

Rubidium 

Cffisium 

Niobium 
Tantalum 

Bhodium 

Ruthenium 

Palladium 

Platinum 

Iridium 

Osmium 

SUTer 

Magnesium 

Zinc 

Cadmium 

Lead 

Copper 
Meroury 

Manganese 

Iron 

Cobalt 

Nickel 

Cerium 

Indium 

Uranium 

class;    sal-ammoniac,  for  example,  into  hydrochloric  acid  and  ammonia, 
phosphorus  pehtaohloride  into  free  chlorine  and  the  trichloride : 


NHXl 
PCl^ 


HCl        + 
CI,       + 


NH, 
PCI,. 


Tron^  and  the  metals  which  follow  it  in  the  table,  are  sometimes  classed 
as  hcxads,  on  account  of  their  analogy  with  chromium,  which  is,  undoubtedly, 
hexadic,  inasmuch  as  it  forms  a  hexfluoride,  CrFg.  Neither  of  these  metals, 
however,  is  known  to  form  any  well-dctined  compounds  in  which  it  is  more 
than  quadrivalent.  Iron,  for  example,  is  bivalent  in  the  ferrous  salts,  as 
Fe^^CI,,  aud  quadrivalent  in  the  ferric  compounds,  ferric  chloride,  Fe^dg, 

FeClg 
being  constituted  in  the  manner  shown  by  the  formula  J  Manganese 

FeCL 
is  inferred  to  be  a  hexad,  on  account  of  the  isonforphism  ana  similarity  of 
composition  between  the  magnates  and  the  chromates :  but  the  isomorphism 
of  two  elements,  or  their  corresponding  compounds,  does  not  afford  decided 
proof  of  equal  equivalency,  for  the  fluoniobates  are  known  to  be  isomor- 
pbous  with  the  fluosillcatos  and  fluotitanates ;  and  yet  niobium  is  a  pentad 
element,  whereas  silicium  and  titanium  are  tetrads. 

Sulphur,  selenium,  and  tellurium,  are  usually  regarded  as  dyads,  on  account 

of  the  close  analogy  of  their  compounds  to  those  of  oxygen,  and  especially 

of  ihoW  hydrogen  compounds,  SHj,  &c.,  to  water.     But  selenium  and  tel- 

Jurium  form  well-defined  tetrachlorides;  and  «^«iv  eulphur  tetnohloride. 
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SCl^,  though  it  h%9  not  been  obtained  in  the  free  slate,  is  known  in  combi- 
nation wiih  metallic  cbloridea.  Siil|ihur  bus  jilso  liitoly  hoan  ghown  to  form 
certain  organic  compounds  in  wliicb  it  is  tc(radie»  iind  others  in  which  it 
ftppeAPft  to  be  herudic*  Moreover,  the  chemicul  relatione  of  the  Bulphates 
•re  much  more  clearlj  represented  by  formnlu.%  in  whicdi  sulphur  is  huj** 
posed  to  be  hoiadic  (like  that  given  for  sulphuric  ncid  on  page  l!31).  ihtin 
bj  formuhB  into  which  it  enters  as  a  djad ;  imd  »itjiilar  rcmnrka  Jipply  to 
b«  selenates  ttnd  tellurates;  for  these  reasons,  sulphiir,  seleniuni,  and 
ftlttirium,  are  most  conveniently  regarded  as  hexud^,  I  hough  they  BumetimcB 
Dier  into  conibinatioa  tin  tetrads,  and  very  frequently  as  djada. 

Oomfiound  Rafitcfii*^  —  Suppose  one  or  more  of  the  component  atoms  of  a 
dljr  aaturated  molecule  to  be  removed;  it  h  clour  that  the  remaining  atom 
'  group  of  atoms  will  no  longer  ho  Baturati'd^  but  will   have   a  combininfr 
ower  corresponding  to  tbe  number  of  units  of  equivalency  removed,    t^ncli 
D^Mturated  groups  nre  called  rtsidurs  or  rftdirah.     Metliiine,  VH^,  is  a.  fully 
a^lurated  comtiouud;  but  if  one  of  its   hydrogen   atoniH   be   removed,  the 
esidue  dig  i called  methyl)^  will  be  ready  U>  combine  with  one  atom  of  a 
livalenr  element,  such  as  chlorine^  bromine,  &c.,  forming  the  compounds 
[7JljCl«  C(I|rir«  &c. ;  two  atoms  of  it  unite  in  like  manner  with  one  atom  of 
i.ygen,   sulphur,    and    other   bivalent    elenientn,    forming  the   compounds 
y\i2ll^)^^  8''((*IJ^)^.  &c. ;  three  alomn  with  nitrogen  yielding  N^triljij,  &c. 
The  removal  of  two  hyilrogen- atoms  from  ril|  leaves  the  bivalent  radical 
»CH,*  called  methent,  which  yields  tho  cofnpounrh  rif,^!'!^,  CH^tK  t'H^S.  &c* 
The  removal  of  three  bydrogen  atoms  from  (J  11^  leaves  the  trivalent  radical 
CH,  which,  in  combination  witli  three  cblorine-alotuj^,  coUi^iihites  chloro- 
form, CllCl,.     And*   finally,   the  removal  of  all   four  hydrogen-atoms  from 
CII4  leaves  Lhc  quadrivalent  radical  iarbon  C',  capable  of  forming  the  com- 
poundji  CC\,  CS,,  kc. 

In  like  manner,  ammonia,  NH^,  in  which  the  nitrogen  is  trivalent,  yieldst 
by  removal  of  one   hydrogen-atom,  the   univalent   radical   amidogtn   Nil,, 
which  with   one  atom  of  potusstum   forms   potassamiuet  Nll^K,  nnrl  wbcn 
combined  with  one  atom  of  the  univalent  radical  methyl,  t^Hg,  fnrnis  niethy- 
lamine,  NHJCIfj),  Ac.     The  abstraction  of  two  hydrogen-atoms  from  the 
molecule   Nllj^,  leaves  the  bivalent  radical   imido^fn,    NH,  which   with  two 
methyl-atoms  form*i  dimethylamine,  Nllft^llj^,  &c. ;  and  tbo  removal  of  all 
three  bydrogen-atoma  from   NMj,   leaves  mtrnfffti  itself,   which   frequently 
ct#  as  a  trivalent  element  or  radical  forming  tripotaissamine  ^K^  tritue- 
hylamine  NtCHj),,  &:c. 
Finally,  the  moloculo  of  xcatrr^  HII,,  by  losing  an  atom  of  bydrogen,  is 
averted  into  the  univalent  radical  hydrotJfU  Oil,  wbicli,  in  its  relations  to 
ber  bodies,  is  analogous  lo  chlorine,   hromino,   and  iodine,  and  may  be 
abstttuled  in  oorohination  for  one  atom  of  liydrogen   or  other  monads, 
"bus,  water  itself  may  be  regarded   as    HJIO,  analogous   to  hydrochloric 
Old  HCl:  potassium  hydrate  as  K.HO,  analogous  to  potat^sium  cbloridc; 
iriam  hydrate,  as  Ba'".(t>H)^.  analogous  to  barium  chloride  Ba'TU. 

*  Hilar  manner,  the  univalent  radieah  putajisoxifL  KO,  may  bo  derived 

DID  potassium  hydrate;  the  bivalent  radical,  zincanji,  ZnO^,  hy  abstraction 

H^  from  line  hydrate,  Zn'^Fl,Llj.     The  essential  character  of  the*te  oxy- 

Bnatcd  radicals   is  that  each  of  the  oi^ygen  atoms  contained  in  them   is 

Bitcd  lo  the   other  atoms  by  one   unit  of  equi valency  only,  bo  that  the 

lion]  has  ueceBsarily  one  or  two  units  unconnected;  thus: 

Hydroxy!     ......    H— f>— 

Potassoxyr       .        .         .         .         ,         K — 0 — 

Zincoxyl 0— Zn— O— 

•  Sa/phnr  MfthloHlrln,  S«'  (Cjnsl,! 
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From  tht!  preccJing  eiplnnationB  of  the  mode  of  deriTfttion  of  compound 
ruiiiouls,  it  h  cleur  tbut  there  in  no  llmh  to  ihe  nymber  of  them  which  umy 
be  supposed  io  exist;  iti  tact,  it  is  only  uect*a?arj  to  euppose  u  uumber  of 
uniLa  of  equivalency  ttb»iracted  from  any  suturuted  mok^cule,  in  order  to 
obtain  a  mdicul  ol  corresponding  c{>mhinirig  power  or  equivalent  Talue. 
But  uules»  iL  ru^iieul  una  bu  fiuppo!§ed  to  enter  iuto  a  collsid<^rttble  number 
of  CoiupomidH*  tliuH  loi'miiig  iheui  into  u  group  like  the  B&lta  of  the  same 
melalp  there  is  nothing  gained  in  point  of  simplicity  or  comprebensivenesA 
by  assuming  itn  existence. 

It  must,  iilsii,  be  dieti nelly  understood  tbAi  these  compound  radicals  da 
not  iiecesajirily  exist  in  the  separate  state,  and  tb«l  those  of  uneven  equi- 
valency, like  methyl,  cannot  exist  in  that  state,  their  molecules  if  liberated 
from  conibiimlioii  with  others,  always  doubling  themselves,  aft  we  have  seen 
to  be  the  case  with  most  of  the  elementary  bodies.  Thus  hydroxyl  — O — H 
is  not  known  in  fhe  free  ^late^  the  actually  existing  eompoutid  containing 
the  samo  proportions  of  hydrogen  and  oxygen,  being  Ojll,  ar  H — U— O — H, 
In  like  manner,  nieihyh  Cll^,  has  no  separate  existence,  but  dimethyl 
C^Hf  is  a  known  com]H>und: 

MtithyL  SimathyL 


& 


H 


H 
H— C— H 

A 
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CHEMICAL  AFFINITY, 

THE  term  chcmicfil  afEnity,  or  chemical  attraction,  has  hopji  invpntod  to 
de«4:ribe  that  particular  power  or  IVtrce,  in  virUic  of  which,  imion,  often 
of  a  very  iDttm&te  and  permunent  tiiiiurc,  takes  place  bet  ween  two  or  more 
bodies,  in  auch  a  way  as  to  givo  rise  to  a  netc  »uh!»Utice,  luiving,  for  the 
most  part,  properties  completely  in  diaconlanco  with  ihose  of  its  compoiienls. 

The  attraction  thus  exerted  between  differiMit  kiink  of  matter  is  to  be 
dlBtinguished  from  other  modificaiionH  of  attractive  force  which  nre  exerted 
indiscriimnately  between  all  descriptions  of  BiibHiuncea,  sometimes  at  enor- 
mous diittances*  sometimes  at  intcrvalfi  fjuke  innppreciuble.  Examples  of 
Ui«  letter  are  to  be  seen  in  cases  of  what  in  ctdletl  rohf^iony  when  the  par- 
Uetes  of  solid  bodies  are  imtnovably  bound  together  into  a  muss.  Then,  there 
are  other  effects  of,  if  possible,  a  sttU  more  obscure  kind ;  such  an  the  vnrinus 
actions  of  surface,  the  adhcaion  of  certain  li(|iiids  to  gla^s,  the  repulsion 
of  others,  the  ascent  of  water  in  narrow  tubes,  and  a  multitude  of  eurioua 
phenomena  which  are  described  in  works  on  Natural  PhiloHiiphy,  under  the 
head  of  motteuiar  actiom.  From  nil  the?^e,  true  cliciijical  attraction  msiy  ho 
at  once  distinguished  by  the  deep  and  complcfo  change  of  cbaraetcr»  which 
follows  its  exertion :  we  might  define  affinity  to  be  a  force  by  which  new 
substances  iLre  generated. 

[I  seems  to  be  a  general  kw  that  bodies  moat  opposed  to  each  oilier  in 
chemical  properties  evince  the  grent est  tendency  to  enter  into  combination  j 
*nd,  conversely,  bodies  between  which  strong  analogies^  and  re;^embliinces 
can  be  traced  manifest  a  much  smaller  Amount  of  irautunl  atlnietiou.  For 
example,  hydrogen  and  the  metnLn  tend  very  etrongty  indeed  to  combine 
with  oxygen,  chlorine,  and  iodine,  but  the  attraction  between  the  different 
members  of  these  two  groups  is  incomparably  more  treble,  Sulphur  and 
phosphorus  stand,  as  it  were,  midway:  they  conibino  with  substance?*  of 
one  and  the  other  class,  their  properties  separating  them  sufficiently  from 
both.  Acids  are  drawn  towards  alkuklies,  ami  alkalies  towards  acids,  while 
t:^nion  among  themsehes  rarely  if  ever  takes  pUce, 

Nevertheless,  chemical  combination  graduates  so  imperceptibly  into  mere 
veohaoical  mixture,  that  it  is  often  impossible  to  mark  the  limit.  Solution 
ft  the  result  of  a  weak  kind  of  affinity  t^'xiHting  botw'eeu  tlie  substance  dis- 
•oWed  and  the  solvent  —  am  affinity  so  feeble  as  completely  to  lose  one  of 
Its  most  promineni  features  when  in  a  more  exalted  condition  —  namely, 
power  of  cansing  elevation  of  temperature;  for  In  the  act  of  mere  solution, 
the  temperature  falls,  the  beat  of  combination  being  lost  and  overpowered 
by  the  effects  of  change  of  !«tute. 

The  force  of  chemical  attraction  thus  varies  greatly  with  the  nature  of 
the  substances  between  which  it  is  cxerieil;  it  is  influenceii,  moreover,  to  a 
vr--'  t  " -f,  extent,  by  external  or  adventitiouH  circumstances.  An  idea 
«  M'vailed  that  the  reliitions  of  affinity  were  tixed  and  constant 

Vij  csamo  substances,  and  great  pains  were  taken  in  the    prepura- 

iion  of  tables  exhibiting  what  was  called  the  precedence  of  uffiuities.  The 
order  pointed  out  in  these  lists  is  now  acknowledged  to  represent  the  oriler 
of  precedence  ybrfAifcircMmr^/rtnfl^*  under  which  the  experiments  were  made, 
but  nothing  more;  so  soon  as  thene  clrcutiistances  become  cUanged,  the 
order  is  *l»sturVjed*  The  ultiinate  effect,  indeed,  is  not  the  result  of  the  ex- 
erei»e  of  one  single  force,  bnt  rather  the  joint  efTect  of  a  number,  so  com* 
f^Ucaied  and  so  variable  In  intensity,  Uiat  it  is  but  seldoui  posfti\A^  Vo^  ^t^- 
iir.l  the  ctjrt^vi/tiencffit  of  any  yet  imtrwd  experiment. 

//  will  be  proper  to  examJnc  sboHly  some  gf  these  exlrttu^aou*  CfcuaeaV^ 
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which  alltiSTon  hfta  be<?n  madfl,  which  modify  to  so  gprcat  an  erlcnt  the  dir 
anH  oripitml  efftMMs  nf  »Iie  specific  atlnicUve  force. 

Altprafion  of  tomp<*rrihir«  may  be  reckoned  among  these.  Wh<*n  roctaUlC 
mercury  i«  h^fttod  nearly  to  its  boilmg-point^  and  in  that  etato  cxpoHcd  far 
a  Icngfhenod  pericnl  to  the  nir,  it  abaorba  oxygon,  and  becomcH  conTtrted 
inio  a  dark-red  crystftllirio  powder.  This  very  Maine  pubstance,  when  raised 
to  a  siill  hi|i^hcr  temperature^  fleparateH  spontAneoii^tly  into  lUGtallic  mercury 
and  oxyf^L'O  gas.  Il  may  be  waid,  and  probably  with  trtith^  that  the  1alt«r 
rhang:e  is  greatly  aided  by  the  tendency  of  the  metal  to  a«j3nme  the  vaporous 
state;  but  precisely  the  *iame  fact  is  observed  with  another  metal,  palliidium, 
which  is  not  volatile,  exceptinf  at  extremely  high  tomperatureg,  but  which 
oxidi«ea  miperficinlly  at  a  red  heat,  and  again  becomes  reduced  when  the 
teDipcriitiire  rises  lo  whilenesR. 

hii^obihilily  and  the  jujwer  of  vaporization  are  perhaps,  beyond  all  other 
disturbing  causes,  the  most  p^jtent;  they  interfere  in  almost  every  reaction 
which  takes  place,  and  very  fretjuenily  turn  the  acale  when  the  opposed  forces 
do  not  greatly  differ  in  energy,  li  is  eany  to  give  examples.  ¥r'hen  a  f^olu- 
tton  of  ealoium  chloride  is  mixed  with  a  solution  of  ammonium  carbonate, 
double  interchange  ensues,  culcium  cnrhouate  and  rimmoDium  chloride  being 
generated:— Caf'L  -f  TOg  (NH^J,  =  ViKCn  4-  2NIi^ri,  Here  the  action 
can  iHt  shown  to  l>e  in  a  great  mi^aHure  ^retennined  by  the  ins<dubittty  of 
the  catcium  carbonate.  Again,  when  dry  calcium  carbonate  is  powdered  and 
mixed  with  ammonhun  clilMride,  ttml  the  whole  heated  in  a  retort,  a  subli- 
male  of  amnion iuni  carbonnto  is  formed^  while  ealciutn  cbluride  remains 
behind,  hi  litis  ini^lflnee.  it  h  no  doubt  the  great  vohitility  of  the  new  nui- 
monlaeal  salt  which  chiefiy  determines  the  kind  of  decomposition. 

When  iron  filings  are  heated  to  redness  in  a  porcelain  lube,  and  vapor  of 
water  passed  over  them,  the  water  undergoes  det'orn position  with  the  ntmotft 
facility,  hydrogen  being  rapidly  disengtiged.  and  the  iron  converted  into 
oxide.  t)n  the  other  hand,  oxide  of  iron,  healed  in  a  tube  through  which 
a  stream  of  dry  hydrogen  is  passed^  suffers  almost  instnnfanenus  reduction 
to  the  metallic  stale,  while  the  vapor  of  water,  carried  forward  by  the 
current  of  gas,  escapes  a«  a  jet  of  steam  from  the  extremity  of  the  tube. 
In  these  experiments  the  affinities  between  the  iron  and  oxygen  and  the 
hydrogen  and  oxygen  are  so  nearly  balanced,  that  the  differetice  af  ttttnet- 
phrtt  is  sufiicieut  to  settle  the  point.  An  iitmospliere  of  steam  offers  little 
resistance  to  the  escape  of  hydrogen;  an  atmosphere  of  hydrogen  bears 
the  same  relation  to  steam  ;  and  this  apparently  trifling  difference  of  circum- 
glances  is  rjuite  enough  for  the  purpose. 

The  deeotnpositjon  of  vapor  of  water  by  white-hot  platinum,  pointed  out 
by  Mr.  Grove,  will  probably  be  referred  in  great  pnrt  to  this  intluehce  of 
atmospiioro,  tlic  steam  offering  great  facilities  for  the  assumption  of  the 
clastio  condition  by  the  oxygen  and  hydrogen.  The  decoinposition  ceases 
&s  soon  a-s  these  gases  arnounl  to  about  ^j^^of  the  bulk  id  tlic  mixtuf«,  and 
can  only  bo  renewed  by  their  witbdrawaL  The  attraction  of  oxygen  for 
hydrogen  is  probably  much  weakened  by  the  very  high  lemperaturts.  The 
recombination  of  the  gases  by  the  heated  metal  is  rendered  imposaiblo  by 
their  state  of  dilution. 

What  is  called  the  nascent  state  is  one  very  favorable  to  chemical  com< 
bination.  Thus,  nitrogen  refuses  to  combine  with  gaseous  hydrogen;  yet 
when  these  subsiances  are  simultaneouttly  liberated  fruui  some  previous 
combination,  they  unite  with  great  ease,  as  when  organic  matters  are  do^ 
alroyed  by  heat,  or  by  spontaneous  putretiiciive  change. 

There  is  a  remarkable,  and,  ut    the  same   time,  very  extensive   class  of 

aetioDs,  grouped  together  under  the  general   title  of  cases  of  fit9fm»inp  a/- 

,^mfiif.     Met&lUc  ffilver  tloes  not  oxidiie  al  %Xi^  X^wx^K^tvAww  ^  nay,  more, 

t'fs  oxide  is  enailj  decomposed  by  8inip\tt  \ieaiv  ^«^'^^  v^v%  ^vktV^  ^V*\^it\ 

metaJ  be  mixeti  with  eiligcous  mftUet  &ii^  fcWftU,  iwi^i  \^u\v«i4,  x'^^  "^^^^^ 
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•ftses  Ui  n  7ellow  trftnnparent  g\nss  of  nitver  silicftte  Platinum  19  nttnoked 
bj  fufi^'l  pohiMsiucii  hy (irate,  liy>iro(^cin  being  probably  dii^engiigtiil  while 
Uie  fncml  i«  oiidised  :  thi^  b  im  effect  wliich  never  happens  r.o  ^ilrer  under 
llie  Mirne  circum?«tance8,  ftllJio«|?U  »iilrerif  a  mueb  more  oxidn-ble  8ub«(tunc« 
tiifto  plmiuum  Thtf  faei  ih,  I  bat  polayli  Ibrtns  witU  tUe  oxide  af  lUe  tikst' 
AAOied  metal  &  kind  of  snUiie  cotnpound^  in  wliicti  rhc  platinum  oxidi*  utils 
«•  ui  »cid ;  And  henco  its  foriimtiou  under  lUe  dmpotiwj  inUueDce  of  Ibo 
powerful  base. 

lo  ihe  remnrknble  dccampositioDS  fluJfcr^d  by  various  organic  bodica 
when  hf^atod  in  conUictwiih  oau»fic  alknli  or  lime,  we  have  olber  examples 
of  the  same  fact.  Productg  arc  generiilcd  wblch  are  never  formed  in  Ibe 
absence  of  the  ba*e:  tUe  reaction  i»  inTAriatily  lee«9  compUcAied,  and  its 
resulu  few  in  number  and  more  defiuile,  llian  in  llio  event  of  simple  de- 
Btructioa  bj  a  graduHle<l  heai. 

There  l§  yet  a  still  more  obscure  eln^s  of  pbenomena.  called  tatalt/vit,  in 
vhiisb  eflfects  are  brought  aboni  by  the  mer«  prr^enre  nf  a  Mibatanoe  which 
itself  undergoes  no  perceptible  cbiinge:  the  experiment  mentioned  in  the 
ehapter  ou  oxygen,  in  which  thiit  gFi»  i»  obt4lned,  with  the  grealeet  fnciliiy, 
by  healing  m  mixture  of  pata?i74iitin  chUtriite  mid  mangeinese  dioxide*  in  an 
excellent  caae  in  point*  The  full  is  docompTJscd  at  a  very  l^r  lower  tem- 
perature than  wtiiild  oiberwiiie  be  required,  and  yet  the  manganeae  oxide 
(loei  not  appear  to  undergo  any  alteration,  being  found  after  the  experi- 
menl  in  the  «arac  state  tkfi  before.  It  may,  however,  undergo  a  temponry 
UeratiuD.  .We  know,  indeed,  that  this  oxide  ih  capable  of  taking  up  au 
Idittonal  proportion  of  oxygeti  and  forming  mnnganic  acid;  and  it  ia 
buite  pof^ible  that  in  the  reu'Ction  just  considered  it  may  actually  take 
Kygeu  from  the  potase^ium  chlorate,  and  piif<c^  to  the  state  of  a  higher 
iide,  which,  however,  is  immedialely  decomposed,  the  additional  oxygen 
eing  evoived,  and  the  nianganeee-oxide  returning  to  itu  original  state, 
ho  same  effect  in  facilitating  the  decomposilion  of  the  chlorate  ]»  pro<luced 
•  cupric  oxide,  ferric  oiide,  and  lead  oxide,  aU  of  which  nre  known  to 
simceptible  of  higher  oxidation.  The  oxides  of  xiiic  and  mugne^tnniT 
I  the  contrary^  which  do  not  form  higher  oxidepi,  are  not  found  to  facili- 
bte  the  decomposition  of  the  chlorate;  neither  is  nny  i«uch  effect  produced 
'  mixing  the  nalt  with  other  pulferulent  substances,  such  aa  pounded 
in»  or  pure  Hiiica, 

The  Ao-callctl  catalytic  actions  are  often  mixed  up  with  other  effects 
vhtoh  arc  much  more  intelligible,  as  the  action  of  finely  divided  plutinuDi 
I  certain  giueou*»  uiixture«i,  in  which  the  solid  appeari^  to  condensic  the 
i  upon  iti«  greatly  extemled  t^urfacCi  and  thereby  lo  induce  combination 
brin;cing  the  panicles  within  Ihe  spliero  of  their  nrntual  altraotiouB, 
Helatwn*  0/  Utat  to  Chtmitat  Ajfimt*/,  —Whatever  may  be  the  real  nature 
^  chemiral  affinity,  one  mo«t  important  fact  is  clearly  eatahlii^hed  with 
egani  to  ir ;  namely,  that  its  manite^tnttona  are  always  accompanied  by 
be  production  or  annihilation  of  he^it.  (Change  of  compoi^itiou,  or  chem- 
etion,  and  heat  are  mutually  convertible:  a  given  amount  of  chcmicjil 
i  wii)  give  pine  to  a  certain  dehnilo  amount  of  heat,  which  quantity 
at  muMt  be  directly  or  indirectly  expended,  in  order  to  rcverne  or 
ndo  the  chemical  action  that  has  produced  it.  The  production  of  heat  by 
bemical  action,  and  the  ditlnite  qunntitatlve  relntion  between  the  amount 
"  heal  cTohed  ami  the  quantity  of  chemical  action  which  takes  place,  are 
Oilghly  indicated  by  the  factn  uf  our  most  familiar  experience;  thus,  for 
oe,  the  only  practically  important  method  of  producing  heat  arti- 
'  consists  in  changing  the  elements  af  wood  and  coal,  together  with 
pherie  oxygen,  into  carbon  dioxide  and  water;  tktid  evitT^  ^ii^Vu^^^% 
the  ht?»r  whivh  caa  be  thus  ohtnincd  from  %  gin  en  autkuUV.^  at  g«mX  \ft 
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The  aeeuraie  measarement  of  the  qaantitj  of  heat  prodoeed  by  a  giren 
amount  of  chemical  action  is  a  problem  of  rery  great  difBoalty;  chiefly 
because  chemical  changes  very  seldom  take  place  alone,  but  are  almost 
always  accompanied  by  physical  changes  inyolying  further  ealorimetric 
effects,  each  of  which  requires  to  be  accurately  measured  and  allowed  for, 
before  the  effect  due  to  the  chemical  action  can  be  rightly  estimated.  Thus 
the  ultimate  result  has,  in  most  cases,  to  be  deduced  from  a  great  number 
of  independent  measurements,  each  of  which  is  liable  to  a  certain  amount 
of  error.  It  is  therefore  not  surprising  that  the  results  of  various  experi- 
ments should  differ  to  a  eomparatiyely  great  extent,  and  that  some  uncer- 
tainty should  still  exist  as  to  the  exact  quantity  of  heat  corresponding  to 
even  the  simplest  cases  of  chemical  action. 

The  experiments  are  made  by  enclosing  the  acting  substances  in  a  yessel 
called  a  calorimeter,  surrounded  by  water  or  mercury,  the  rise  of  tempera- 
ture in  which  indicates  the  quantity  of  heat  evoWed  by  the  chemical  action, 
after  the  necessary  corrections  have  been  made  for  the  heat  absorbed  by  the 
containing  vessel  and  the  other  parts  of  the  apparatus,  and  for  the- amount 
lost  by  radiation,  &c.  Combustions  in  oxygen  and  chlorine  are  made  in  a 
copper  vessel  surrounded  by  water ;  the  heat  evolved  by  the  mutual  action  of 
liquids  or  dissolved  substances' is  estimated  by  means  of  a  smaller  calorimeter 
containing  mercury.  The  construction  of  these  instruments  and  the  methods 
of  observation  involve  details  which  are  beyond  the  limits  of  this  work.* 

The  following  table  gives  the  quantities  of  heat,  expressed  in  heat-unit8,f 
evolved  in  the  combustion  of  various  elements,  and  a  few  compounds,  in 
oxygen,  referred:  (1)  to  1  gram  of  each  substance  burned;  (2)  to  1  gram 
of  oxygen  consumed ;  (3)  to  one  atom  or  molecule  (expressed  in  grams)  of 
the  various  substances :  — 

ffeat  of  Combtution  of  EUmmtary  Substances  in  Oxygen. 


Snbitance. 

Unite  of  heat  evolved 

Product. 

Ofaeenrer. 

• 

by  1  at.  of 

otoxygm. 

■UbsUBO*. 

Hydrogen    .     .     . 

OH, 

/  33881 
\  84462 

4286 

68881 

Andrews. 

4308 

64462 

Favre  &  Silbermann. 

Carbon : 

Wood-charcoal 

CO, 

/7900 
18080 

2962 
8080 

94800 
96960 

Andrews. 

Favre  &  Silbermann. 

Gas  retort  carbon 

t< 

8047 

8018 

96664 

it               <( 

Native  graphite 

•  ( 

7797 

2924 

93664 

«               (( 

Artificial  graphite 

»i 

7762 

2911 

93144 

<c                     « 

Diamond    .     .     . 

<t 

7770 

2914 

93940 

tl               «< 

Sulphur: 

Native  .... 

SO, 

2220 

2220 

71040 

tl                « 

Recently  melted . 

(« 

2260 

2260 

72320 

(f                     tc 

Flowers     .     .    . 

ii 

2307 

2307 

78821 

Andrews. 

Phosphorus : 

(YeUow)    .     .     . 
Zinc 

ZnO 

6747 

4464 

178167 

« 

1830 

6390 

86450 

« 

Iron 

Fe,0, 

1682 

4163 

88692 

« 

Tin 

SnO, 

1147 

4280 

186360 

<( 

Copper    .... 

CuO 

603 

2394 

38804 

*S&e  Miner's  Chemical  Physio,  pp.  338,  ft  Mq.,  «dA  'W».\W«  IHctionary  of  Chemiatrj,  iU. 

Tbe  nnlt  of  beat  hen*  adopted,  is  the  qnaaUtt  ot  bMit  t«(va&!nd  V>T«teA\«Em.<A'«%Vft 
O^  to  IOC.  H  J 
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The  following  results  hftve  been  obtained  by  the  complete  combuBtion  of 
partially  oxidised  substances : 


Product. 

Units  of  boat  eToIred 

SubfCuoiu 

of  sab- 
stanoe. 

Imoleenleorthe 

ObMrrer. 

Carbon  monoxide,  CO 

SUnnous  oxide,  SnO 
Cuprous  oxide,  Cu,0 

CO, 

SnOg 
CuO 

r2408 

\2481 

51« 

256 

67284 
68064 
69584 
18304 

Favre  &  Silbermann. 
Andrews. 
«< 

The  last  three  substances  in  this  table  contain  exactly  half  as  much 
oxygen  as  the  completely  oxidized  products ;  and  on  comparing  the  amount 
of  heat  OToWed  in  the  formation  of  one  molecule  of  stannic  or  cupric  oxide 
from  the  corresponding  lower  oxide,  with  the  quantity  produced  when  a 
molecule  of  the  same  product  is  formed  by  the  complete  oxidation  of  the 
metal  in  one  operation,  we  find  that  the  combination  of  the  second  half  of 
the  oxygen  contained  in  these  bodies  evolyes  sensibly  half  as  much  as  the 
combination  of  the  whole  quantity.  In  the  formation  of  carbon  dioxide, 
however,  the  second  half  of  the  oxygen  appears  to  develop  more  than  two 
thirds  of  the  total  amount  of  heat ;  but  this  result  is  probably  due,  in  part 
at  least,  to  the  fact  that  when  carbon  is  burned  into  carbon  dioxide,  a  con- 
siderable but  unknown  quantity  of  heat  is  expended  in  converting  the  solid 
carbon  into  gas,  and  thus  escape  measurement ;  while,  in  carbon  monoxide, 
the  carbon  already  exists  in  the  gaseous  form,  and  therefore  no  portion  of 
the  heat  evolved  in  the  combustion  of  this  substance  is  similarly  expended 
in  producing  a  change  of  state. 

It  seems  probable,  also,  that  a  similar  explanation  may  be  given  of  the 
inequalities  in  the  quantities  of  heat  produced  by  the  combustion  of  dififcr- 
ent  varieties  of  pure  carbon  and  of  sulphur  —  that  is  to  say,  that  a  portion 
of  the  heat  generated  by  the  combustion  of  diamond  and  graphite  goes  to 
Assimilate  their  molecular  condition  to  that  of  wood-charcoal,  and  that  there 
is  an  analogous  expenditure  of  heat  in  the  combustion  of  native  sulphur. 

Combuttiofu  in  Chlorine^  and  Direct  Combination  of  Chlorine^  Bromine,  and 
Iodine  with  other  Elements.  —  The  following  table  gives  the  quantities  of  heat 
evolved  by  the  direct  union  of  various  elements  with  gaseous  chlorine : 


Product. 

Unlta  of  beat  erolvcd 

Babttance. 

• 

Obsenrer. 

by  1  gram 

by  1  grm. 

by  1  at.  (=  86-6 

ofsnU- 

grams)  of 

Btance. 

chlorine. 

chlorine. 

J  24087 
128788 

678 

24087 

Abria. 

Hydrogen    . 

HCl 

670 

23788 

/  Favre  & 
\  Silbermann. 

Phosphorus 

pci.r?) 

8422  (?) 

607 

21648 

Andrews. 

Potassium    . 

KCl 

2655 

2943 

104476 

«( 

Iron    .     .     . 

Fe,Cl. 

1746 

921 

82695 

it 

Zinc    .     .     . 

ZnOl, 

1629 

1427 

50658 

it 

Tin     .     .     . 

SnCl^ 

1079 

897 

31722 

" 

Arsenic  .     . 

AsCl. 

994 

704 

24992 

« 

Copper    .     . 
AMmonj    J 
Mfwcttry      ,  1 

CuCL 

961 

859 

80404 

ii 

8hCL 

707 

800 

80491 

\ 

'    / 

? 

822 

29\aV 

\          " 
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The  heat  evolved  by  the  direct  anion  of  bromine  and  iodine  with  zinc 
and  iron  has  also  been  determined  by  Andrews :  the  results  obtained  are 
given  in  the  next  table : 


MetaL 


Prodact. 


Units  of  heat  evolved 


by  1  gram 
of]        • 


by  1  gnun  of 

■  bromine  or 

iodine. 


by  1  atom  of  bronUno 
or  iodine. 


Bromine. 


Reaetiona  in  Pre$enee  of  Water. — The  thermal  effects  wliich  may  result 
from  the  reaction  of  different  substances  on  one  another  in  presence  of 
water,  are  more  complicated  than  those  resulting  from  direct  combination. 
In  addition  to  the  different  specific  heats  of  the  reagents  and  products,  and 
to  the  different  quantities  of  heat  absorbed  by  them  in  dissolving,  or  given 
out  by  them  in  combining  with  water,  the  conversion  of  soluble  subRtnnccs 
into  insoluble  ones,  as  a  consequence  of  the  chemical  action,  or  the  inverse 
change  of  insoluble  into  soluble  bodies,  are  among  the  secondary  causes  to 
which  part  of  the  cnlorimctric  effect  may  be  due  in  these  cases. 

When  a  gas  dissolves  in  water,  the  heat  due  to  the  chemical  action  is 
aoffmented  by  that  due  to  the  liquefaction  of  the  gas ;  so  also  wlicn  a  solid 
body  is  dissolved  in  water,  the  total  thermal  effect  is  due  in  part  to  the 
chemical  action  taking  place  between  the  water  and  the  solid,  and  in  part 
to  the  liquefaction  of  the  substance  dissolved.  In  the  former  cases  the 
chemical  and  physical  parts  of  the  phenomenon  both  cause  evolution  of  heat ; 
in  the  latter  case  the  physical  change  occasions  disappearance  of  heat,  and 
if  this  effect  is  greater  than  that  due  to  the  chemical  action,  the  ultimate 
effect  is  the  production  of  cold,  and  it  is  this  which  is  generally  observed. 

Cold  produced  by  Chemical  Decomposition,  —  It  is  highly  probable  that  the 
thermal  effect  of  the  reversal  of  a  given  chemical  action  is  in  all  cases  equal 
and  opposite  to  the  thermal  effect  of  that  action  itself.  A  direct  conse- 
quence of  this  proposition  is  that  the  srparation  of  ant/  fico  bodies  is  offended 
with  the  absorption  of  a  quantity  of  heat  equal  to  that  tchich  is  evolved  in  fhrir 
combination.  The  truth  of  this  deduction  has  been  experimentally  esti.b- 
liahed  in  various  oases,  by  Wood,*  Joulcf  and  Favre  and  Silbermann,  by  com- 
paring the  heat  evolved  in  the  electrolysis  of  dilute  sulphuric  acid,  or  solu- 
tions of  metallic  salts,  with  that  which  is  developed  in  a  thin  mcUUic  wire 
by  a  current  of  the  same  strength ;  also  by  comparison  of  the  heat  evolved 
in  processes  of  combination  accompanied  by  simultaneous  decomposition, 
witli  that  evolved  when  the  same  combination  occurs  between  free  elements. 

By  determining  the  heat  evolved  when  different  metals  were  dissolved  in 

water  or  dilute  acid.  Wood  found  that  it  was  less  than  that  which  would  be 

produced  by  the  direct  oxidation  of  the  same  metals,  by  a  quantity  equal 

to  that  which  would  be  obtained  by  burning  the  hydrogen   set  free,  or 

^^jch  WAS  expended  in  decomposing  the  water  or  acid:  and,  therefore, 

^Bt  when  this  latter  quantity  was  added  to  tVie  tw>i\V^  VV^^  ^^^t^^vl\i 

^  ^"«'ftc«j  giyen  by  experiments  of  direct  oxVdatVou. 

*PbiJ.  Mag.  [4]U,  308;  Ir.  870.  *  lWd.ttl.«V. 
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L         ELECTEO-CHEMIGAL  DECOMPOSITIOIT  ^  CHEMISTEY  OF  THE  TOLTAIC 
^^  FILE. 

^"  Wttieir  ft  voltaic  current  of  considerable  power  is  madfy  to  traverse  various 
eompoimd  liqiiitla,  a  sepanilion  of  iho  ekroents  of  These  l^iiids  eu8m?-s; 
provided  thiit  the  liquid  ha  capiiblt*  of  couducEing  the  curreul,  ils  decom- 
position almost  always  foUowg, 

The  elements  are  {liscngugcd  solely  ftt  the  Utnitltig  Burfaces  of  (he  liquid, 
where,  according  to  the  common  mode  of  Hpeceh,  th«  current  enters  aud 
leafes  the  latter,  all  the  intermediate  portiunn  appearinjr  purfeelly  quies* 
cent.  In  addition^  the  elements  arc  not  Ht?paraicd  itidjfferenily  nrnl  at 
random  at  thea©  rwo  surfaces;  but,  on  the  contrary,  mmke  their  appear- 
ance with  perfect  uniforinity  und  eori.-^tancy  at  one  or  the  olher,  aeeordmg 
to  their  chemical  character — -namely,  oxygen,  chlorine,  iodine,  acids,  &c,, 
at  the  surface  coanected  with  the  copprr\  or  poKifive  end  of  the  battery; 
hydrogen,  the  metals,  Slc.^  at  tbo  surface  lu  oouuectlon  with  the  zinc  or 
negative  extremity  of  the  arrangement. 

The  terminationa  of  the  battery  ittjclf — usuully,  but  by  no  mcnns  neces* 

iparily,  of  metal  —  are  dcBigmited  poles  or  tkcirode^*  as  by  their  interven- 

lon  lb«  liquid  to  be  pupcrimented  on  is  made  n  piirt  of  the  circuit.     The 

Tocess  of  deconlpo*^i(ion   by  the   current    is   called    rlretroii/«iit,f  and   I  he 

uids,  which,  when  thua  treated,  yield  up  their  elements,  arc  deuouu- 

natcd  drctrolyta. 

When  a  pair  of  platinum  plates  are  plunged  into  a  glass  of  water  to 
which  a  few  drops  of  oil  of  Tilriol  have  been  addetl,  and  the  pbites  con- 
nected  by  wires  with  the  extreniitiea  of  an  active  battery,  oxygen  ia  disen- 
;aged  at  the  posiitivc  electronic,  and  hydrogen  at  *he  negative^  in  the  pro- 
^  lion  of  one  measure  of  the  former  to  two  of  the  latter  nearly.  This 
•xperiment  ha^  before  been  de?cribcd.| 

A  solution  of  hydrochloric  acid  mixed  witb  a  little  Saxon  blue  (indigo), 

Sad  treated  in  the  same  manner,  yield.')  hydrogen  on  the  negative  side  and 

lUlorine  on  the  positive,  the  indigo  there  becoming  bleached. 

PotaaHiiim  iodtde  dissolved  in  water  i»  decomposed  in  a  similar  mannor: 

ic  free  io*line  at  llio  po«ttive  side  enn  bo  recogniied  by  Us  brown  color, 

W  by  the  nddition  of  a  little  gelatinous  starch. 

All  liquids  are  not  electrolytes;   many  refuse  to  conduct,  and  no  deeom* 

pofiition  cun  then  occur;  alcoliol.  ether,  numerous  essential  oils,  and  otiier 

products  of  organic  chemistry,  besides  a  few  ^aliine  inorganic  eompouiida, 

I  in  this  manner^  nnd  completely  arrest  the  current  of  a  powerful  battery. 

One  of  the  most  important  and  indispensable  conditions  of  electrolysis  is 

luidtty:   bodies  which,  when   reduced   to  (he  liquid  state,  conduct  freely, 

4  aa  freely  aufFer  decomposition,  become  ab*«olutc  insula! ors  to  the  elec- 

ricity  of  the   battery   when   they  become  solid.     Lead   chloride  offers   a 

ood  illustration  of  this  fact:   when  fused  in  a  porcelain  cnicihle,  it  gives 

its  elements   with   the   utmost  ease,   and   a   galvanometer,   interposed 

where  in  (lie  circuit,  is  fltrongly  atfected.     But  when  (he  source  of 

18  withdniwn,  and  the  salt  Buffered  to  soliilify,  signs  of  decomposition 

aae,  and  at  the  same  moment  the  magnetic  needle  rea!i«unie?«  its  natural 

lition.     In  the  i^ame  manner,  the  thinnest  lilm  of  ice  arreets  tU«  ^utT^fuV. 


ny» 
^Hlioi 


*  From  4^t0rf»ff  mad  SSif,  n  mny. 
//WJ«t 


t  ?rom  |XtRT|»9V|  anAXiuv,  %aWsfta. 
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of  a  powerful  voltaio  apparatus ;  bat  the  instant  the  ice  is  liquefied  at  any 
one  point,  so  that  water  eommunication  is  restored  between  the  electrodes, 
the  current  again  passes,  and  decomposition  occurs.  Fusion  by  heat,  and 
solution  in  aqueous  liquids,  answer  the  purpose  equally  well. 

Generally  speaking,  compound  liquids  cannot  conduct  the  electric  cur- 
rent without  being  decomposed;  but  still  there  are  a  few  exceptions  to 
this  statement,  which  perhaps  are  more  apparent  than  real.  Thus  Hittorf 
has  shown,  that  fused  silver  sulphide,  which  was  formerly  regarded  as  one 
of  the  exceptions,  cannot  be  considered  to  be  so,  and  Beetz  has  since  proved 
the  same  to  be  the  case  as  regards  mercuric  iodide  and  lead  fluoride. 

The  quantity  of  any  given  compound  liquid  which  can  be  decomposed 
by  any  given  electric  battery  depends  on  the  resis*tance  of  the  liquid:  the 
more  resistance  the  less  decomposition.  Distilled  water  has  only  a  small 
power  of  conduction,  and  is  therefore  only  slightly  decomposed  by  a  bat- 
tery of  80  to  40  pairs ;  whilst  diluted  sulphuric  acid  is  one  of  the  best  of 
fluid  conductors,  and  undergoes  rapid  decomposition  by  a  small  battery. 

When  a  liquid  which  can  be  decomposed,  and  a  galvanometer,  are  in- 
eluded  in  the  circuit  of  an  electric  current,  if  the  needle  of  the  galvano- 
meter be  deflected,  it  may  be  always  assumed  as  certain  that  a  portion  of 
liquid,  bearing  a  proportion  to  the  strength  of  the  current,  is  decomposed, 
although  it  may  be  impossible  in  many  cases,  without  special  contrivances, 
to  detect  the  products  of  the  decomposition,  on  account  of  their  minute- 
ness. 

The  metallic  terminations  of  the  battery,  the  poles  or  electrodes,  have, 
in  themselves,  nothing  in  the  shape  of  attractive  or  repulsive  power  for 
the  elements  separated  at  their  surfaces.  Finely  divided  metal  suspended 
in  water,  or  chlorine  held  in  solution  in  that  liquid,  shows  not  the  leant 
symptom  of  a  tendency  to  accumulate  around  them ;  a  single  element  is 
altogether  unaflfected  —  directly,  at  least ;  separation  from  previous  combi- 
nation is  required,  in  order  that  this  appearance  should  be  exhibited. 

It  is  necessary  to  examine  the  process  of  e1ectrolyf>is  a  little  more 
closely.  When  a  portion  of  hydrochloric  acid,  for  example,  is  subjected 
to  decomposition  in  a  glass  vessel  with  parallel  sides,  chlorine  is  disen- 
gaged at  the  positive  electrode,  and  hydrogen  at  the  negative:  the  gases 
are  perfectly  pure  and  unmixed.  If,  while  the  decomposition  is  rapidly 
proceeding,  the  intervening  liquid  be  examined  by  a  beam  of  light,  or  by 
other  means,  not  the  slightest  disturbance  or  movement  of  any  kind  will 
be  perceived;  nothing  like  currents  in  the  liquid  or  bodily  transfer  of  gns 
from  one  part  to  another  can  be  detected ;  and  yet  two  portions  of  hydro- 
chloric acid,  separated  perhaps  by  an  interval  of  four  or  five  inches,  may 
be  respectively  evolving  pure  chlorine  and  pure  hydrogen. 

There  is,  it  would  seem,  but  one  mode  of  explaining  this  and  all  similar 
cases  of  regular  electrolitic  decomposition:  this  is  by  assuming  that  all 
the  particles  of  hydrochloric  acid  between  the  electrodes,  and  by  which 
the  current  is  conveyed,  simultaneously  suffer  decomposition,  the  hydrogen 
travelling  in  one  direction,  and  the  chlorine  in  the  other.  The  neighboring 
elements,  thus  brought  into  close  proximity,  unite  and  reproduce  hydro- 
chloric acid,  again  destined  to  be  decomposed  by  a  repetition  of  the  same 
change.  In  this  manner,  each  particle  of  hydrogen  may  be  made  to  travel 
in  one  direction,  by  becoming  successively  united  to  each  particle  of  chlo- 
rine between  itself  and  the  negative  electrode;  when  it  reaches  the  latter, 
finding  no  disengaged  particle  of  chlorine  for  its  reception,  it  is  rejected, 
as  it  were,  from  the  series,  and  thrown  off  in  a  separate  state.  The  same 
thing  happens  to  each  particle  of  chlorine,  which  at  the  same  time  passes 
continua))jr  in  the  opposite  direction,  by  combining  succes8ivcly  with  each 
partiele  of  hydrogen  that  moment  separated,  "wVtb  vibvcU  it  meets,  until  at 
leagtb  it  Mrrires  at  the  positive  plate  or  wire,  «knd  \»  d\ftfti\^%%^^.     K  «vkfe- 
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oession  of  pariioles  of  hydrogen  are  thus  eontinuallj  thrown  off  from  the 
decomposing  mass  at  one  extremity,  and  a  corresponding  saocession  of 
particles,  of  chlorine  at  the  other.  The  power  of  the  current  is  exerted 
with  equal  energy  in  erery  part  of  the  liquid  oonduotpr,  though  its  tjfctta 
become  manifest  only  at  the  very  extremities.  The  action  is  one  of  a 
purely  molecular  or  internal  nature,  and  the  metallic  terminations  of  the 
battery  merely  serre  the  purpose  of  completing  the  connection  between 
the  latter  and  the  liquid  to  be  decomposed.     The  figures  141  and  142  are 

JV.141. 


Hydrochloric  acid  in  its  lunal  state. 

intended  to  assist  the  imagination  of  ihe  reader,  who  must  at  the  same 
time  avoid  regarding  them  in  any  other  light  than  that  of  a  somewhat 
figurative  mod^  of  representing  the  curious  phenomena  described.  The 
circles  are  intended  to  indicate  the  elements,  and  are  distinguished  by 
their  respective  symbols. 

Like  hydrochloric  acid,  all  electrolytes,  when  acted  on  by  electricity,  are 
split  into  two  constituents,  which  pass  in  opposite  directions.     The  one 

Fig.  142. 

®l©©©f(§l<§l@l 

Hydrochloric  acid  undergoing  electrolysia. 

class  of  substances,  like  oxygen,  chlorine,  &c.,  are  evolved  at  the  positive 
electrode ;  the  other  class,  like  hydrogen  and  the  metals,  at  the  negative 
electrode. 

It  is  of  importance  to  remark  that  oxygen  salts,  such  as  sulphates  and 
nitrates,  when  acted  on  by  the  current,  do  not  divide  into  acid  and  basic 
oxide,  but,  as  Daniell  and  Miller  proved,  into  metal  and  a  compound  sub- 
stance, or  group  of  elements,  which  is  transferred  in  such  a  state  of  asso- 
ciation that,  as  regards  its  electrical  behavior,  it  represents  an  element. 
Thus,  cupric  sulphate,  SO^Cu,  splits,  not  into  SO3  and  CuO,  but  into  me- 
tallic copper  and  tulphione  SO^.  Hydrogen  sulphate,  or  sulphuric  acid, 
8O4H,,  divides  into  the  same  compound  group  and  hydrogen.  In  a  similar 
way,  also,  the  part  of  the  electrolyte  which  passes  to  the  negative  pole  may 
consist  of  a  group  of  elements.  A  solution  of  sal-ammoniac,  NII^Cl,  fur- 
nishes a  beautiflil  instance  of  this  fact,  since  it  is  decomposed  by  the  cur- 
rent in  such  a  manner  that  the  ammonium  NH^  goes  to  the  negative,  and 
the  chlorine  to  the  positive  pole. 

A  distinction  must  be  carefully  drawn  between  true  and  regular  elec- 
trolysis, and  what  is  called  secondary  decomposition,  brought  about  by  the 
reaction  of  the  bodies  so  eliminated  upon  the  surrounding  liquid,  or  upon 
ihe  substance  of  the  electrodes:  hence  the  advantage  of  platinum  for  tU^ 
latter  purpose,  when  electrolytic  actions  arc  to  be  siudieOL  \iv  l\v«vt  ^T^^V^iiV 
mmplicjijr,  thst  metal  being  scnreely  attacked  by  any  orOLmttbT-j  «l^^«tvV^ 
frbea,  for  example,  a  sohUioD  of  lead  nitrate  or  acetalQ  \%  d^om,^<>^^  Vj 
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tho  current  between  platinum  plates,  metallic  lead  is  deposited  at  the  ne- 
g.'itivo  side,  and  a  brown  powder,  lead  dioxide,  at  the  positive:  the  latter 
substance  is  the  result  of  a  secondary  action ;  it  proceeds,  in  fact,  from  the 
nascent  oxygen  at  the  moment  of  its  liberation  reacting  upon  the  monoxide 
of  lead  present  in  the  salt,  and  converting  it  into  dioxide,  which  is  insoluble 
in  the  dilute  acid.  When  nitric  acid  is  decomposed,  no  hydrogen  appears 
at  the  negative  electrode,  because  it  is  oxidized  at  the  expense  of  the  acid, 
which  is  reduoed  to  nitrous  acid  gas.  When  potassium  sulphate,  S04K«, 
is  eleotrolyied,  hydrogen  appears  at  the  negative  electrode,  together  with 
an  equivalent  quantity  of  potassium  hydrate  OKH,  because  the  potassium 
whicU  is  evolved  at  the  electrode  immediately  decomposes  the  water  there 
present.  At  the  same  time,  the  sulphione,  SO4,  which  is  transferred  to  the 
positive  electrode,  takes  hydrogen  from  the  water  there  present,  forming 
sulphuric  acid,  SO^II,,  and  liberating  oxygen.  In  like  manner  hydrogen 
sulphate,  or  sulphuric  acid  itself,  is  resolved  by  the  current  into  hydrogen 
and  sulphione,  which  latter  decomposes  the  w^ater  at  the  positive  electrode, 
reproducing  hydrogen  sulphate,  and  liberating  oxygen,  just  as  if  the  water 
itself  were  directly  decomposed  by  the  current  into  hydrogen  and  oxygen. 
A  similar  action  takes  place  in  the  electrolytic  decomposition  of  any  other 
oxygen-salt  of  an  alkali-metal,  or  alkaline  earth-metal,  alkali  and  hydrogen 
gas  making  their  appearance  at  the  negative  electrode,  acid  and  oxygen 
gas  at  the  positive  electrode.  This  observation  explains  a  circumstance 
which  much  perplexed  the  earlier  experimenters  upon  the  chemical  action 
of  the  voltaic  battery.  In  all  experiments  in  which  water  was  decomposed, 
both  acid  and  alkali  were  liberated  at  the  electrodes,  even  though  distilled 
water  was  employed ;  and  hence  it  was  believed  for  some  time  that  the 
voltaic  current  had  some  mysterious  power  of  generating  acid  and  alkaline 
matter.  The  true  source  of  these  compounds  was,  however,  traced  by 
Davy,*  who  showed  that  they  proceeded  from  impurities  either  in  the  water 
itself,  or  in  the  vessels  which  contained  it,  or  in  the  surrounding  atmos- 
phere. Ilaving  proved  that  ordinary  distilled  water  always  contains  traces 
of  saline  matter,  he  redistilled  it  at  a  temperature  below  the  boiling-point, 
in  order  to  avoid  all  risk  of  carrying  over  salts  by  splashing,  lie  then 
found  that  when  marble  cups  were  used  to  contain  the  water  used  for  de- 
composition, hydrochloric  acid  appeared  at  the  positive  electrode,  soda  at 
the  negative,  both  being  derived  from  sodium-chloride  present  in  the  mar- 
ble; when  agate  cups  were  used,  he  obtained  silica;  and  when  he  used 
gold  vessels,  he  obtained  nitric  acid  and  ammonia,  which  he  traced  to  at- 
mospheric air.  By  operating  in  a  vacuum,  indeed,  the  quantity  of  acid 
and  alkali  was  reduced  to  a  minimum,  but  the  decomposition  was  almost 
arrested,  although  he  operated  with  a  battery  of  fifty  pairs  of  4-inch 
plates.  Hence  it  is  manifest  that  tratcr  itself  ia  not  an  electrolyte^  but  that  it 
is  enabled  to  convey  the  current  if  it  contains  only  traces  of  saline  matter. f 
If  a  number  of  different  electrolytes,  such  as  dilute  sulphuric  acid,  cupric 
sulphate,  potassium  iodide,  fused  lead  chloride,  &c.,  be  arrange<l  in  a  series, 
and  the  same  current  be  made  to  traverse  the  whole,  all  will  suffer  decom- 
position at  the  same  time,  but  by  no  means  to  the  same  amount.  If  arrange- 
ments be  made  by  which  the  quantities  of  the  eliminated  elements  can  bo 
accurately  ascertained,  it  will  be  found,  when  the  decomposition  has  pro- 
ceeded to  some  extent,  that  these  latter  have  been  disengaged  exactly  in  the 
ratio  of  their  chemical  equivalents.  The  same  current  which  decomposes  9 
parts  of  water  will  separate  into  their  elements  IGG  parts  of  potassium 
iodide,  1 30  parts  of  lead  chloride,  &c.  Hence  t  he  very  important  conclusion : 
The  action  of  the  current  is  perfectly  definite  in  its  nature^  producing  a  fixed  and 
eo/isia/il  amount  of  decomposition^  expressed  in  each  electrolyte  by  the  value  of  its 
eArmt'ea/  egu/valent. 

*  PhUoa*,phicia  TrauKtctionH,  1807.  t  MlWet**  GkMOoteiX  ¥^9«te«,  v»  *»^- 
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Frfttn  a  yerj  extcndivj  series  of  cxperimiMits,  based  on  ihis  htkI  other 
Dfttioild  of  reseftreb,  Familuj  was  enabled  to  draw  tlie  |ytMH*rnl  inference 
hat  effects  of    chemicul  decouiposilioti  arc   alwnys   proportional©   to   the 
ljuantity  of  circuUTing  elect ricity,  aDil   mriy  Ik'  hikm  at^  «n  iiciMirAte  nnd 
jlt-ii^tvrorlljy  measure  of  the  liiUcr,    OuideiLl  by  this  liiglily  important  prin- 
ciple, he  conatructt^d  his  t^olfametfr,  an  instrument  whicb  liita  reDtlercd  tho 
rcatcst  sorrice  to   electrical   Boienco.     This   is 
nerely  an  arrangement  by  which  dilnto  Bulphuric 
cid    i»    decomposed    by    I  ho  current,    the    gas 
rolred  beinj^  collected  and  measured*  By  placing 
ach  an  instrument  in   any  purl  of  I  he  tiircuit, 
quaTitily  of  electric  force  necessary  to  pro- 
■  ttny  given  effect  can  be  at  once  ewtinmtiMl; 
I  the  other  haind,  any  required   amounL  of 
be  latter  can  be,  as  it  were,  mensiired   nnt  and 
djiisted  to  the  object  in  view.     The  voltameter 
US  recoiTed  many  difTcrent  fornn-*:  one  of  the 
Host  extensirely  useful  is  that  shown  in  fig,  143, 
which  the  platinum  pliites  are  ycpurate/l  by  a 
cry  small  interviit,  and  the  ga«  is  colltH-ted  in  a 
raduHted  jar  f>ianding  on  the  shelf  of  the  pueu- 
untie  trough,  the  tube  of  the  instriiment,  which 

I  filled  to  the  neck  with  dilute  sulphuric  acid,  b+^ing  passed  beneath  the  jar. 

The  decompositiona  produced  by  the  voltaic  hiiitery  cau  be  effect e(|  by 

be   electricity  of  iho   common  luachine,   by  that  <leveloped   by  mugncttc 

clton,  and  by  that  of  animal  origin,  but  to  an  exteni  incomparably  more 

Binute.     This  arises  from  the  Tcry  small  qufintitif  of  electrliiiiy  set  in  motion 

Ihe  maebine.  although  its  trnxioTi — that  ii*,  power  of  overcoming  obata* 

and  parsing  through  imperfect  conductors^ — is  exceedingly  great,    A 

air  of  ^mall  wires  of  jinc  and  platinum^  dipping  into  a  pingle  drop  of 

lute  acid,  develop  far  more  electridty,  to  judge  from  the  chemical  effects 

such  an  arrnngcment,  than  very  many  turns  of  a  large  pbiie  clectncal 

nachine  in  powerful  action.     Never th el ej*s,  pitlar  or  electrolytic  deeompo- 

ftition  can  be  distinctly  and  saiiKfactorily  effected  by  the  latter,  although 

on  a  minute  scale. 

With  a  knowledge  of  the  prinoiploB  laid  down,  thfs  study  of  the  roltaie 
I|>attcry  may  be  resumed  nud  cojupletcd*  In  the  first  place,  two  very 
Uifferent  views  have  been  held  concorninjj  the  source  of  the  electrical  dis- 
kurbance  in  that  apparatus.  Volt  a  himself  ascribed  it  to  mere  contact  of 
hliasimihir  metals  or  other  subjifances  coraducting  electricity,  —  to  what  waa 
Henominated  an  flrctro-moHrt  ftirce.  culled  into  being  by  such  contact. 
■proof  was  supposed  to  be  given  of  this  fundamental  proposition  by  an  ex- 
keriment  in  which  discs  of  zinc  and  copper  attached  to  insulating  handles, 
Kfler  being  brought  into  close  contact,  were  found,  by  the  aid  of  a  very 
Iflelicale  gohl-leaf  electroscope,  to  be  in  opposite  electrical  states.  It  nppenrs, 
IlkoweTer,  that  the  more  carefully  this  experiment  is  made,  the  smaller  is  ihe 
Bffeet  observed;  and  hence  it  is  judged  highly  probable  that  the  whole  may 
mbe  due  to  accidental  causes,  apiin*»i  which  it  is  almost  imposaihle  lo  guard. 
\  On  ihe  other  hand,  tho  observation  was  soon  made  that  the  power  of  Ihe 
Hbattery  always  bpars  some  kind  of  proportion  to  the  cheroical  action  upon 
■Ihe  lino;  that,  for  inslancc.  when  pure  water  is  nscd,  the  effect  is  exiremrly 
■Teeble;  with  a  solution  of  salt*  it  becomes  much  greater;  and.  lastly,  with 
■dilute  acid,  greatest  of  all;  so  that  somi*  relation  evidently  eiists  between 
■|%ie  chemtcal  effect  upon  the  metal  and  the  evolution  of  electrical  force. 
V  The  experiments  of  Faraday  and  rJaniell  ba\e  given  ^ev^  ^YCtvV  %w\t\kttTV 
^0  the  chemical  theory,  by  s/jowing  tfutl  the  contact  of  A\*s.\m\\a>T  mfcl«^ft\% 
^/neeeBa^ry  in  order  lo  call  into  being  powerful  ekclTiciV  tUTt^iiV*^  wsA 
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Fig.  144. 


that  the  development  of  electrical  force  is  not  only  in  »ome  way  connected 
with  the  chemical  action  of  the  liquid  of  the  battery,  but  that  it  is  always 
in  direct  proportion  to  the  latter.  One  very  beautiful  experiment,  in  which 
electrolytic  decomposition  of  potassium  iodide  is  performed  by  a  current 
generated  without  any  contact  of  dissimilar  metals,  can  be  thus  made :  A 
plate  of  sine  is  bent  at  a  right  angle,  and  cleaned  by  rubbing  with  sand- 
paper. A  plate  of  platinum  has  a  wire  of  the  same  metal  attached  to  it  1>y 
careful  riveting,  and  the  latter  bent  into  an  arch.  A  piece  of  folded  filter- 
paper  is  wetted  with  solution  of  potassium  iodide,  and  placed  upon  the 
zinc ;  the  platinum  plate  is  arranged  opposite  to  the  latter,  with  the  end  of 
its  wire  resting  upon  the  paper;  and  then  the  pair  is  plunged  into  a  glas>s 
of  dilute  sulphuric,  mixed  with  a  few  drops  of  nitric  acid.  A  brown  spot 
of  io<Hne  becomes  in  a  moment  evident  beneath  the  ex- 
tremity of  the  platinum  wire  —  that  is,  at  the  positive  side 
of  the  arrangement. 

A  strong  argument  in  favor  of  the  chemical  view  is 
founded  on  the  easily  proved  fact,  that  the  direction  of  the 
current  is  dctcrinined  by  the  kind  of  action  upon  the  metals, 
the  one  least  attacked  being  always  positive.  Let  two 
polished  plates,  the  one  iron  and  the  other  copper,  be  con- 
nccted  by  wires  with  a  galvanometer,  and  then  immersed  in 
a  solution  of  an  alkaline  sulphide.  The  needle  in  a  moment 
indicates  a  powerful  current,  passing  from  the  copper 
through  the  liquid  to  the  iron,  and  back  again  through  the 
wire.  Let  the  plates  be  now  removed,  cleaned,  and  plunged 
into  dilute  acid;  the  needle  is  again  driven  round,  but  in 
the  opposite  direction,  the  current  now  passing  from  the 
iron  through  the  liquid  to  the  copper.  In  the  first  instance,  the  copper  is 
acted  upon,  and  not  the  iron ;  in  the  second,  these  conditions  are  reversed, 
and  with  them  the  direction  of  the  current. 

The  metals  employed  in  the  pVactical  construction  of  voltaic  batteries 
are  zinc  for  the  active  metal,  and  copper,  silver,  or,  still  better,  platinum, 
for  the  inactive  one:  the  greater  the  difference  of  oxidability,  the  better 
the  arrangement.  The  liquid  is  either  dilute  sulphuric  acid,  sometimes 
mixed  with  a  little  nitric,  or  occasionally,  where  very  slow  and  long-con- 
tinued action  is  wanted,  salt  and  water.  To  obtain  the  maximum  effect  of 
the  apparatus  with  the  least  expenditure  of  zinc,  that  metal  must  be  em- 
ployed in  a  pure  state,  or  its  surface  must  be  covered  by  an  amalgam, 
which  in  its  electrical  relations  closely  resembles  the  pure  metal.  The  zinc 
is  easily  brought  into  this  condition  by  wetting  it  with  dilute  sulphuric  acid, 
and  then  rubbing  a  little  mercury  over  it,  by  means  of  a  piece  of  rag  tied 
to  a  stick. 

The  principle  of  the  compound  battery  is,  perhaps,  best  seen  in  the  crown 
of  cups:  by  each  alternation  of  zinc,  fluid,  and  copper,  the  current  is  urged 
forward  with  increased  energy;  its  intensity  is  augmented,  but  the  actual 
amount  of  electrical  force  thrown  into  the  current  form  is  not  increased. 
The  quantity,  estimated  by  its  decomposing  power,  is,  in  fact,  determined 
by  that  of  the  smallest  and  least  active  pair  of  plates,  the  quantity  of 
electricity  in  every  part  or  section  of  the  circuit  being  exactly  equal.  Hence 
large  and  small  plates,  batteries  strongly  and  weakly  charged,  can  never  be 
connected  without  great  loss  of  power. 

When  a  battery,  either  simple  or  compound,  constructed  with  pure  or 

with  amalgamated  zinc,  is  charged  with  dilute  sulphuric  acid,  a  number  of 

highly  interesting  phenomena  may  be  observed.     While  the  circuit  remains 

broken,  the  zinc  is  perfect\y  inactive,  no  acid  is  decomposed,  no  hydrogen 

liberated;  but  the  nwment  the  connection  is  comp\e\ed,\oTT<iT^l%  of  hydrogen 

Mriae,  not  from  the  gino,  but  from  the  copper  ot  pVaXViium  *MTlwi%^  %\qi^<^^ 
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while  the  tmcimdergocs  tranquil  uTld  hn perceptible  nxidmHan  nuA  solution. 
Thus,  eitaclly  tiie  HAme  etR'Cta  ure  set^u  tu  (»eciii-  in  cveiy  uttivw  cell  ol'  a 
clo.Heil  circuit,  th»l  ure  wilueased  in  :*  portion  of  milphurie  acid  undergoing 
«lectrolyi(i^:  oxygen  uppeiirs  at  the  pi.«itrve  side*  with  rei<pi»el  to  the  current, 
and  hydrogen  at  the  uegutive;  but  with  ihi^  difFereiiee ;  that  the  oxygen, 
in^^^tend  of  being  set  free«  conibiues  wiih  the  stinc.  It  is,  in  ftict,  a  rent  case 
of  electto1yc*ia,  and  electrolytes  alone  sire  uviiilable  as  excitinjj  liquids. 

Common  Kino  ts  verj  reiidily  attacked  and  iIig**olved  by  dilute  sulphune 
acid;  and  ihts  h  usmilly  supposed  to  nrise  Irom  the  formation  of  a  multitude 
of  little  toUaic  eirclen,  by  the  aid  of  purtieles  of  foreign  metals  or  graphite, 
piirtiaUy  imbedded  in  the  zine.  This  gives  rli?e  in  the  battery  to  what  iti 
called  loeal  aetion,,  by  which,  in  the  eooimon  forms  of  appari^dis,  three 
fourths  or  more  of  the  metal  are  often  eonsiiriied,  withntit  coiifributing  in 
the  least  to  the  general  effect,  but,  on  the  cimtrary,  iiijiiritig  it  to  some  eat- 
tenU     Thi»  evil  is  got  ritl  of  by  anialgumrkting  the  surface. 

From  experiments  very  carefully  made  with  a  **di»seetcd"  battery  of 
peculiar  construclion,  in  which  local  acii<'n  waH  completely  avoided,  it  has 
been  diHiinetly  proved  that  the  quautlty  of  electricity  set  in  motion  by  the 
battery  varies  exactly  with  the  ainc  dis*olvod.  Coupling  tlii?*  fact  with  thai 
of  the  definite  action  of  the  current,  it  will  be  seen  that  wlien  u  perfeet 
battery  of  thiB  kind  is  employed  to  deeompo*te  liydrochlonc  acid,  in  order 
to  ©vofye  1  grain  of  hydrogen  from  the  latlerp  8.!  5  graina  of  xinc  must  he 
dissolTed  aa  chloride,  and  itn  equivalent  qiuii^tity  of  hydrogen  disengaged 
in  «ach  active  cell  of  the  battery  —  that  is  to  sny,  that  tlie  electrical  force 
generated  by  the  solution  of  an  equivalent  of  iitic  in  the  baltcry  ifl  capable 
of  effecting  the  decomposition  of  an  equivalent  of  hydrochloric  acid  or  any 
other  electrolyte  out  of  it. 

Thii  19  an  exceedingly  important  discovery:  it  perves  to  show,  in  the 
moflt  ittriking  manner,  the  intimate  nature  of  the  connection  but  ween  chem- 
ical  and  electrical  force?*,  and  their  remarkable  <iuantiifttivc  or  equivalent 
relalions.  It  almost  seems,  to  u^e  an  cxprci<!^ioD  of  Faraday,  as  if  a  trans* 
fer  of  cheraiea!  force  took  place  through  the  .substance  ofFolid  metallic  conduct- 
ors; that  chemical  actionni,  calle^l  into  play  in  one  portion  of  Ihe  circuit, 
could  be  made  at  pleasure  to  exhibit  their  effects  without  loss  or  diinitiution 
in  any  other. 

There  is  an  hypothesis,  not  of  recent  date,  long  countenanced  and  sup- 
ported by  the  itlustrioufi  Ber*eliun.  which  refers  nil  ehemlcfil  phenomena  to 
electrical  forces  —  which  supposes  that  bodies  combine  because  they  are  in 
opposnite  electrical  states;  even  Ihi^  heal  and  light  accompanying  chrmical 
uniun  may  be.  to  a  certain  extcnl,  accounted  for  in  this  manner.  In  t^hori^ 
w«  arc  in  such  a  position,  that  either  may  be  assumed  as  cans©  or  effect; 
it  may  be  that  electricity  is  iiiorcly  a  form  or  modificjition  of  ordinary  chem- 
ical affinity ;  or.  on  the  other  hatid,  that  all  chemical  action  is  a  manifesta- 
tion of  «leetrical  force. 

This  electro-chemical  theory  Is  no  longer  received  as  a  true  explanation 
of  chemical  phenomena  to  the  full  extent  intended  by  its  author  Ber^elius^ 
indeed,  supposed  that  the  combining  tendencies  of  elements,  and  their  func- 
lions  in  compounds,  dpppnd  altogether  on  their  electric  polarity ;  and  ac- 
cordingly he  divided  the  elements  into  two  clusjues.  the  rhrtro-pngitive^  which, 
like  hydrogen  and  the  motals.  move  towards  the  negative  pole  of  the  bat- 
tery, as  if  they  were  attracted  by  it,  and  the  ttrHto-nr^ntivf^  which,  like 
oxygen,  chlorine,  and  bromine,  move  towards  the  positive  pole.  We  ar«, 
however,  acquainted  wiih  a  hoRl  of  phenomena  which  show  that  the  cheni* 
ical  functions  of  an  element  depetid  upon  its  poj*itinrj  with  reirnrd  Iq  vA\\« 
f-lements  in  a  compound,  quire  m  much  as  upon  its  \mV\V\<W«\  tiWvft.tlftT,  j 
Thfjit  ch forme,  tbe  rcry  tjpe  of  an  electro-negative  clemtsnl,  e«kii\iQ  ^v\\i%»H3i* 
tvted  far  hjdrogcn,  one  of  the  moat  poBitive  of  iUo  e\<sm«Til%,  m  ut  Vv^l 
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Bomber  of  eoBpoands,  jieldiag  aev  prodocte,  vhick  exhibit  tbe  closest 
•nalogj  in  eompositioo  mad  properties  to  tbe  eompoands  froB  vbicb  they 
Are  deriTed.  It  is  iupossible,  iberefore,  to  sdmii  tb^t  tbe  cbcmieml  fane- 
tions  of  bodies  are  determiiked  exclusirelj  hj  tbeir  electrical  rrlstioas, 
Still  it  is  tnie  ia  a  general  vaj  tbat  tbose  dements  vbicb  difer  mssi 
strongly  in  tbeir  electrical  cbaracters.  cblorine  and  potassinm,  for  czamplef 
are  likevise  tbose  vbicb  combine  togetber  vitb  tbe  greatest  energy ;  and 
tbe  dirisioa  of  bodies  into  electro-posit  ire  and  dectro-negatire  is  tberefore 
retained ;  tbe  former  are  also  called  mdi  or  eUormu,  and  tbe  latier  Astylsvs 
or  zuuotct. 

One  of  tbe  most  nsefnl  forms  of  tbe  common  Tohaic  battery  is  tbat  con- 
triyed  by  Dr.  WoUaston  tfig.  145).  Tbe  copper  is  made  completely  to  en- 
circle tbe  line  plate,  except  at  tbe  edges,  tbe  tvo  metals  being  kept  apart 
by  pieces  of  cork  or  vood.  Eacb  sine  is  soldered  to  tbe  preceding  copper, 
and  the  vbole  screved  to  a  bar  of  dry  mahogany,  so  tbat  tbe  plates  can  be 
lifted  into  or  oat  of  tbe  acid,  vbicb  is  contained  in  an  eartbenvare  trongh* 
dirided  into  separate  cells.  Tbe  liquid  consists  of  a  mixture  of  100  parta 
water,  2\  parts  oil  of  ritriot  and  2  parts  commercial  nitric  acid,  all  by  meas- 
ure. A  number  of  such  iMUteries  are  easily  connected  togetber  by  straps 
of  sheet  copper,  and  admit  of  being  put  into  action  with  great  < 


The  great  objection  to  this  and  to  all  the  older  forms  of  the  Toltaie  bat- 
tery is,  that  the  power  rapidly  decreases,  so  that,  after  a  short  time,  scarcely 
the  tenth  part  of  the  original  action  remains.  This  loss  of  power  depends, 
partly  on  the  gradual  change  of  the  sulphuric  acid  into  sine  sulphate,  but 
still  more  on  the  coating  of  hydrogen,  and,  at  a  later  stage,  on  the  precipi- 
tation of  metallic  zinc  on  the  copper  plates.  It  is  self-evident  tbat  if  the 
copper  plate  in  the  liquid  became  coTered  with  sine,  it  would  act  electrically 
like  a  sine  plate.  This  is  precisely  the  action  of  the  hydrogen,  whereby  a 
decrease  of  electrical  power  is  produced.  This  effect,  produced  by  the  sub- 
stances separated  from  the  liquid,  is  commonly  called  polarisation. 

An  apparatus  of  immense  yalue  for  purposes  of  electro-chemical  research, 
in  which  it  is  desired  to  maintain  powerful  and  equable  currents  for  many 
successive  hours,  has  been  contrired  by  Professor  Daniell  (fig.  146).  Each 
cell  of  this  "constant"  battery  consists  of  a  copper  cylinder  8}  inches  in 
diameter,  and  of  a  height  varying  from  6  to  18  inches.  The  sine  is  em- 
plojred  in  the  form  of  a  rod  }  of  an  inch  in  diameter,  carefully  amalga- 
Josteii,  and  suspended  in  the  centra  of  Vbe  cyWn^er.    K  s^^^avA  ^^^  ^t  ^T^K»a 
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earthenware  nr  aiiimAi  m^mbrime  lutcrrpueH  betwocn  the  seIhc  imd  the  eop« 
per:  thia  is  filled  wirb  a  mixture  of  1  part  by  measure  of  oil  of  vitriol  aud 
8  of  Wftter,  and  iUc  exterior  apace  with  the  samo  liquid, 
eatiiratod  with  copper  sulphate,  A  uorl  of  lit  tie  colan* 
der  is  fitted  la  the  top  of  the  cell,  in  whjch  cry  stale  of 
the  copper  sulphate  are  placed,  so  that  the  slreugtli  of 
ihe  solution  may  remain  unimpaired.  When  communi- 
cation is  made  hj  a  wire  hetwecn  the  rod  and  ilie  cylin- 
der, a  powcrAil  current  h  produced,  the  power  of  which 
may  be  increased  to  any  extent  by  conneeiing  a  sufficient 
number  of  §uoh  cells  into  a  series,  on  the  principle  of  the 
crown  of  oups,  the  copper  of  the  first  being  attached  (o  ^ 
the  dnc  of  Ihe  second.  Ten  such  all  ernatious  const iiule 
a  Tcry  powerful  apparatus,  which  has  the  great  advan* 
tagc  of  retaining  its  energy  uudiminirthed  for  a  long  time. 

By  this  arrangement  of  the  voltaic  battery,  the  polnr- 
i^aliou  of  the  copper  plate  is  altogether  avoided  ;  the  atiuo 
in  the  porous  eell,  whilst  it  dissolves  in  the  i«ulphuric  acid, 
decomposes  it,  hut  does  not  liberate  any  hydrogen;  for 
by  the  progress  of  the  decomposition  i^see  p.  24(i)  up  to 
the  boundary  of  the  copper  Molutiun,  the  hydrogen  takes 
the  place  of  the  copper,  and  thus  ultimately  tlie  copper 
la  precipitatod  on  the  copper  plate.  The  copper  plate 
therefore  remains  in  it^  original  state,  so  long  as  a  sufficient  quantity  of 
copper  sulphate  is  present  in  the  scdution. 

By  increasing  the  generative  and  reducing  the  antagonixing  chemical 
affinities,  Mr,  Grove  HUcccedcd  in  forming  the  constant  nitric  acid  battery 
which  bears  his  name.  This  inittrument  is  capable  of  producing  a  far 
Ifreater  degree  of  power  than  the  battery  previously  mentioned,  an*!  hence 
it  has  become  one  of  the  most  important  means  of  promoting  electrical 
science  in  the  present  day.  The  zinc  dips  into  dilute  sulphuric  acid  ;  nnd 
instead  of  a  solution  of  copper,  concentrated  nitric  acid  is  used,  which 
Murrounds  a  platinum  plate.  It  h  evident  that  the  electrolytic  action  which 
begins  at  the  xinc  passes  through  the  sulphtiric  acid,  and  in  a  precisely 
similar  way  through  the  contiguous  nitric  acid.  Hydrogen  wouhi  thus  be 
liberated  on  the  platinum  plate.  Tliis  action  is  not  rendered  viaihle  by 
ihe  evolution  of  gas,  hut  only  gradually  by  the  change 
of  color  in  the  nitric  acid:  for  the  hydrogen  liberated 
by  the  electrical  action  forms  water  at  the  expense  of 
the  oxygen  yielded  by  the  nitric  aeid ;  and  by  this  means, 
BO  long  as  sufficient  nitric  acid  is  present,  the  purity  of 
the  surface  of  the  platinum  plate  is  muintained. 

One  of  the  cells  in  this  battery  is  represented  in  sec- 
tion in  fig.  147.     The  linc  pUto  is  bent  round,  so  as  to 
present  a  double  surface,  and  well  amalgamated  :   within 
It  stands  a  thin   flat  cell  of  porous   earltienware,  filled 
with  strong  nitric  acid,  and  the  whole  is  immersed  in  a 
mixture  of  1  part  by  measure  of  oil  of  vitriol  and  6  of 
water,  contained  either  in  one  of  the  cells  of  Wollaston's 
trough,  or  in  a  separate  cell  of  gloxed  porcelain,  mado 
for  the  purpose.     The  apparatus  is  completed  by  a  plate 
of  platinum  foil,  which  dips  into  the  nitric  ncid,  and 
forms  the  positive  side  of  tlie  urrangement.     Wiih  ten  such  pairs,  expeH- 
mt?nts  of   decomposition,   ignitiim   of   wires,   the  light   between  charcwaX 
points,  &c.,  can  be  exhibited  wiih  great  brilliancy,  w\u\<;  v\\«  \iftXVftT"3  \v*^l 
It  ver/  compact  und  portable,  /ind,  fo  a  great  extent,  cotv^Vvwul  uv  \v%a>GVAttii. 
ThcMioe,  ma  ia  the  case  of  DanielVs  battery >  ia  oon!^um«4  ou\^  v(\k\\%  "^ 
22 
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.  K  i^diks  iL<t  Skfpxrmi.:^  xukj  be  j^rriAf^  Am  hmur  «r  two 
before  is  i»  reqai;«*i  fc-r  ase.  vx.i<'x  ii  CwAil  *  2z:^:*r  vf  prat  coaTcaicBce; 

IV.'«£Mr  E^=.«<-r  JLt^  z.>ili«-i  :2:4-  Gr.^e  b^urr  it  «a£4matiBg  for  tko 
T!&::£«a  i«s.s«  &iArciMl  «r  ^a«.  viicx  i«  a&  «xc«Il«»t  c«Adiictor  of  elee- 
iricl:r.  Bj  :^i«  &l:*rft2i;c.  j^  *  T«^rjr  »z:^k^  t^|«&«e.  a  hmiterj  Mi^  be 
BAd«  a«*rlj  AS  |<v«rfiLl  as!  G.fe:fcl  as  iaas  </  GrvT«.  Ob  sceoant  of  its 
cieAp«i<««^  ACT  ca«  BAT  pel  :-:-£«CAer  «-»*  k^»ir>e4  cr  mort  of  Bnasem't 
c«IIjl  br  vkick  ike  aoiss  r  fcga-iioe.M  pA<£.osi*AA  %ti  keAt  Asd  ligbi  msj  be 
ot«iAijtciL 

Tbc  Acc«=i;«ATi&f  ft^cre  »Ao vs  tkc  form  of  tbe  rouiid 

CArbcA  cj.ua-i«r.  viicA  zs  &i«>i  im  Lkef*  eriU^    It  is  bol- 

T      Avv«vi  so  AS  lo  T«<«:Te  A  |<4\>as  «ArtkeBVAre  cell,  in 

^       vL:ck  A  xvwci  |«ZA2e  of  tiac  U  p«  a£o1     Tke  npper  edge 

^    /  of  lie  CTl.ai*r  cf  cArboA  s«  «*1I  »A:iirAied  vitk  vax, 

L^Hj  Asi  is  Swrr>:;iiki«d  bj  a  cc-Tper  r.n^.  bj  BeAas  of  which 

^^^^V  it  SLAT  be  put  lA  c4AA«uoa  viik  lAe  liac  of  tkc  Adjoin- 

■  ■  iAg  (Air. 

■  ^M  Bs&sea's  c«rboa  CTl^A-ier  b  likewise  veil  AdApted  for 
B  ^M  the  use  of  dilute  salp:&-^ric  A<id  Alooe,  vitkout  tke  Addi- 
p  |H  tic  A  <i  nLiric  Acii.  It  is.  kovcTcr.  bett«r  to  SAturAte  the 
'        ~    I             dilu:e  sttlp^iuric  Acii  vick  |:-v.:A«»iua  bickroaiAie.    Wkea 

tki«  laixiure  cv  ntAifts  al  leAss  double  tke  Amount  of  sul* 
pb:xr:c  Ac;d  vhick  is  neeessArr  to  dee<>apo£e  tke  ckroBAte,  a  bAtterj  thus 
f<.-riBe<i  surf-Asses  in  p>>ver  the  nitric  Acid  beixerT.  but  doc4  nut  furnish 
currents  of  the  sAme  CvAStAncj. 

Mr.  :fmee  hAS  coniriTei  An  inirenious  Mtterr.  in  vhich  silTer,  covered 
vith  A  thin  c<>Atinf:  of  finelj  diTiied  metAllic  }Is::nucu  is  emplojed  in  as- 
sociAiion  with  AmAlgAmAied  xinc  An  i  dilute  sulphuric  Acid.  The  rough  sur- 
face appcArs  to  f^roiit  the  rcAdv  disen^geaeni  of  the  bubbles  of  hvdrogen. 
Within  the  Ust  tventjr-five  veArs,  sevend  Terjr  bcAutiful  And  succesatful 
ApplicAtio^.s  of  toUaic  elect riciij  Latc  been  UAde.  which  mAj  be  slighilj 
mentioned.  Mr.  Spencer  And  Profe.ssor  Jaco:  i  ksTe  emplojed  it  in  copj- 
ing.  or  rnther  in  multif*!ving.  en^TATed  pUtes  And  medAls.  by  depositing 
upon  their  surfAces  a  thin  costing  of  metAlUc  copper,  which,  when  sepA- 
rsted  from  the  originAl.  erhibi:s.  in  rcTer^e.  a  mv>st  fAithful  representntion 
of  the  Utter.  Br  using  this  in  its  turn  as  a  mould  or  mAtrix,  An  Absolutely 
perfect  .rac-nmi/^  of  the  pUte  or  medAl  is  obtAined.  In  the  former  CAse, 
the  impressions  tsken  on  psper  Are  quite  undistinguishAble  from  those 
direcilT  deriTed  from  the  work  of  the  Artist;  And  as  there  is  no  limit  to 
the  number  of  flfctrotwpf  plntes  which  caa  be  thus  produced,  engravings 
of  the  most  bcAutiful  de:!icription  mAj  be  multiplied  indefi- 
nitely. The  copper  is  very  tougk.  And  bcArs  the  ACtius  of  tke 
pre-9  perfectly  welL 

The  AppArAtus  used  in  this  And  msny  similnr  processes  is 
of  the  simplest  possible  kind.  A  trough  or  cell  of  wood  is 
divided  by  a  porous  diAphrAgm.  mAde  of  a  very  thin  ]dece 
of  sycAmore.  into  two  psrts:  dilute  sulphuric  Acid  is  put  on 
one  side.  And  a  SAturated  solution  of  cvpper  suiphAte,  some- 
times mixed  with  a  little  Acid«  on  the  other.  A  pUte  of  line 
is  soldered  to  a  wire  or  strip  of  copper,  the  other  end  of 
which  is  secured  by  similsr  meAns  to  the  engrATed  cupper 
plate.  The  latter  is  then  immersed  in  the  solution  of  sulphAte, 
and  the  line  in  the  Acid.  To  prevent  deposition  of  coiper  on 
the  bAck  of  the  copper  pUte.  that  portion  is  covered  with 
rsroiVh.     For  medals  and  siuaU  wotV^a,  a  '^toua  eArtiienwAre 


E  -- 


eeJJ,  plMced  in  a  jeUjr-jw,  may  be  vsed. 
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Other  metals  mny  ho  premjiitfttefl  in  the  f?airip  manner,  in  n  emooth  aod 
cooipHct  form,  hy  the  uae  of  ot-rtniti  pn^efnuioii?!  which  have  been  gath- 
ere«|  bj  experience.  Elect r<i*gilding  find  plating  are  n^jw  cjirried  on  very 
largely  an'l  In  great  yerfeetion  by  Mes^ry,  Elkington  and  others,  EveQ 
non-conducting:  bodies,  as  seuling-wax  and  plastt^r  of  PariJ^,  miiy  be  coated 
with  metfth  it  is  only  necessary,  a^*  Mr.  Uohert  MLtrray  has  Bhtiwii,  to  rub 
OTcr  them  the  thinne}<>l  possible  film  af  plumbago.  Seals  may  thus  be  copied 
in  &  Tf»ry  fc\f'  hours  with  unerring  truth, 

Beequcrel,  several  years  ago,  pnblisihed  an  exceedingly  iDterestitig  ac- 
count of  certain  experiments  in  which  crystallized  metals,  oxides,  and 
other  insoluble  substances  had  been  produced  by  the  slow  and  continuous 
Action  of  feeble  electrical  currenl?*,  kept  up  for  mnnih^,  or  even  years. 
These  products  exactly  re«(omhtc  ntitural  i»iuerals;  and,  indeed,  the  ex- 
pcrimenta  ihrow  great  light  oo  the  formation  of  the  latter  within  the 
earth,* 

The  common  but  very  pleasing  experiment  of  (he  hnd-tret  is  greatly 
dependent  on  olectro-chemicril  aciiori.  When  a  piece  of  zinc  i.^  8Urt|fcnded 
in  a  solution  of  lead  aeeiato,  the  lir.st  effect  is  Uie  decomposition  of  a  por* 
tioii  of  the  latter,  and  the  depnsiiiou  of  metallic  lead  upon  the  surface  of 
the  fine;  it  is  tsimply  a  displacement  of  a  nieinl  by  a  more  oxiciable  one. 
The  ohftrige  does  not,  however,  stop  here;  metallic  lead  is  still  depo}«»ted 
in  large  and  be&utiful  plates  upon  that  firnt  thrown  down,  until  the  sobition 
becomes  exhausted,  or  the  line  entirely  disappears.  The  first  portions  of 
lead  fortn  with  the  line  a  voltaic  arrangcmf'ut  of  sufficient 
power  to  decompose  the  8»lt:  under  the  peculiar  circum- 
stances  in  which  the  latter  is  plnced.  the  metal  is  precipi- 
tated upon  the  negative  portion  —  that  is,  the  lead ^  while 
fhe  oxygon  and  acid  are  taken  up  by  the  zinc. 

.Mr  Grove  has  contrived  a  battery  in  which  an  electrical 
current,  of  sufficient  intensity  to  decompose  dilnte  aulphiirio 
*cid,  i^  prodiictd  by  the  reaction  of  oxygen  upon  hydrogen^ 
Each  elemenf  of  this  inlercaling  apparatus  consist*  of  a  pair 
of  gloas  tubes  to  contain  the  gases  dipping  into  a  vessel  of 
acidulated   water,       Itoth   tubes  contain    platinum    pdates, 
covered  with  a  rough  deposit  of  finely  divided  philinnm, 
And  furnished  with  conducting  wires,  which   pass  through 
the  lops  or  sides  of  the  tube**,  and  are  hermetically  *«ealcd 
into  the  latter.     When  the  tubes  are  charged  with  oxygen 
on  the  one  side  and  hydrogen  on  the  other,  and  the  wires  connected  with  a 
galvanoscopc,  the  needle  of  the  instrument  become."  instantly  tiffi'c(nd:  nnd 
when  ten  or  more  are  combined  in  a   series,  ihc  oxygen-tube  of  the  one 
with  the  hydrogen-tube  of  the  next.  &c,,  while  the  terminal  wires  dip  into 
acidulated  water,  a  rapid  stream  of  minute  bubbles  from   eittjer  wire  in 
dicntes  the  dttcompoj^irion  of  the  liquid  ;  and  uhcti  the  experiment  is  made 
with  a  small  voltameter,  it  is  found  that  the  oxygen  and  hydrogen  dist-n 
gai^d  exactly  equal  in  amount  the  quanttt^B  absorbed  by  the  act  of  com 
btnalion  in  each  tube  of  the  battery. 

//r<i/  tifvdoped  by  the  EUfitie  Currmt,  —  All  parts  of  the  eleciric  cirouit^ 
ike  plates,  the  liquid  in  the  cclU  of  the  buttery,  the  conducting  wtrejt,  and 
AD/  •leotrolyten  undergoing  decompnsiHon,  nil  become  heated  "hiring  (he 
pMmi^  of  the  current.  The  rise  of  temperature  in  any  part  of  the  circuit 
defieiids  partly  on  the  strength  of  «he  current,  partly  on  its  resistance, 
tlio«e  boiliet  which  offer  (he  greatest  re»i,^tanco,  or  are  the  worst  <i<iwV\\e,V- 
ori,  being  moist  dtron^ly  hentcd  by  a  current  of  p^cn  fitni\i^v>i,    W>x%^ 

•  Tmiu  do  VEiectiicitl  •&  du  liagn^tiima,  lli,  ^a». 
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wkea  a  tkwk  aad  a  tkia  viw  •/  ik«  sum  imuI  ftre  iBrladcd  in  the  wne 
ciRtiiu  lie  Utter  b«««:«i«»  aMK  sz^w^ij  kc*tc^  and  a  pUtinuiB  wir«  is 
much  more  sctoo^It  ^<A:ed  uaa  a  KLver  or  copper  wire  of  tke  nme 
tiiieknesaw 

Br  exact  experimeat*  it  ku  beea  foasd'tkat  botk  im.  mtUQic  wirM  and 
ia  U4tti%i«  ti«Terwd  bj  aa  eieecric  carreat,  tke  cTaiaiioa  of  Wat  iadirtetlj 
propMta«»aI:  Ist.  h*  sM^  ramiMmu:  :M.  »  ftU  Mnmfik  «/  tkt  fmrrrmL  JoaU 
kas^  aUo  «ko«a  ckai  ike  er^uuos  of  keat  ia  «ack  coaple  of  the  T<dlalc 
batierj  is  subject  c«  tke  saaie  law.  vkick.  tkerefore,  kokla  good  ia  crrcry 
part  «)X  ike  circuit*  iacliioia^  ike  kaiterr. 

The  Mreai^k  of  aa  eie^ric  curreai  is  measarcd  bj  tko  qtMBtilj  of  de- 
loaaiiBf  gas  ^.  wL  H.  to  I  toI.  O.)  vkick  it  eaa  evotre  fron  acidiilatcd 
«a:er  ia  a  ^ivea  time,  aad  ik^  «auf  *f  €%rrmi  sttr^fiA  m  the  tmrrmi  wkkk 
4U0^ttf*:e$  «w  <r»4w  eiimnmkesrt  ^'  iti^^^smf  fst  oi  <>=  C.  aad  760bw  imntmttiie 
jN^sf%ne  m  *  ««•».>.  Now  Leai  has  skowa  ikai  raca  a  rvrrral  of  tke  aair  of 
fAYV-'A  /^i«M»  tkroa^k  a  wire  vkose  nesistaace  is  equal  to  tkai  of  a  copper 
wire  1  metre  loB|r  aai  I  millimecre  ia  diameter,  it  devek>pa  a  quantity  of 
heat  r^utRcieai  to  raise  tke  tecipera:ure  of  1  (ram  of  water  from  0^  to  1^ 
C.  ia  i»i  miauies;  and  assuming  as  ike  uaii  of  keat  tke  qoantiij  required 
to  raise  tke  temperature  of  1  f  ram  of  water  fram  CF  to  1^  C,  tke  law  mi^ 
be  ikus  expre^swd: 

A  «.-a.-rv«;  ^•'  r.w  >..«*:  c -*  Km/ix  p-^tfctf  tiro^ri  a  nmdmrtor  wkkk  txtrU  ikt 
mm;  fST  nm»;^r«cv,  fi^tC^j^  .'i^ma  1  a.V»7  ktmc-tokiU  m  «a  Aow,  or  0.076  keat- 
aai:  in  4  m.x%:f, 

Witk  a  ourrv&i  of  a  gireu  Hrea|i:tk.  ike  sum  of  ike  quantitka  ^  keai 
evolred  ia  ike  Saiierv  aad  in  ihe  metallic  cvnduccor  joining  it«  polco,  is 
consiaai.  ihe  heat  accuallr  devekped  ia  ike  one  f«n  or  ike  oiker  Tarying 
accordiaiC  to  the  ihick.Bc$<  of  che  metallic  vvnducior.  This  was  first  skown 
bT  IV  la  Rire.  and  has  been  c\^ninuea  bv  FaTre>  De  la  Rire  made  use  of 
a  couple  consis:ing  of  platinum  ausi  distilled  tine  or  cadmium,  excited  by 
pure  and  Terr  strong  nitric  acid,  ihe  two  itietals  being  united  bj  a  platinum 
wire,  more  or  less  tkick.  which  was  plunged  into  the  same  quantity  of  strong 
nitric  acid  contained  in  a  caj^sule  siti.ilar  to  that  wkick  held  tke  Tollaie 
couple.  Br  observing  tke  temperatures  in  tke  iwo  restsels  witk  delicate 
tkermomete.T«.  tke  sum  *>{  these  temperatures  was  f^und  to  be  constant,  the 
one  or  tke  otker  being  greater  according  to  tke  ikickneas  of  tke  connecting 
wire. 

Farre.^  br  means  of  a  calorimecer.  Mmilar  to  tkai  wkick  ke  used  in  his 
experiments  on  the  deTelv^pmcni  of  keat  br  chemical  action,  kas  shown 
that  in  a  pair  of  tine  and  platinum  plates,  excited  br  dilute  sulphuric  acid 
and  connected  br  platinum  aires  i>i  various  leogth  and  ikicknets.  for  ererj 
3^-0  grams  of  tine  dis^olre^l.  a  quaniitr  %\f  keai  is  dereloped  in  tko  entire 
circuit  equal  to  lNl;^7  keat -units,  but  variously  distributed  between  the 
batterr-cell  and  the  wire,  accv^rding  to  the  thickness  <>{  the  latter.  Now  tkis 
quantity  of  keai  is  nearly  the  same  as  that  ahich  i»  eroWed  in  ike  simple 
solution  i>f  &!'0  grams  of  tine  in  dilute  sulphuric  acid,  witkoui  tke  fcrmaiion 
of  a  roltaic  circuit,  rii.  IS. 444  unitjk.  Hence  Farre  conolu  les  tkat  tke  heat 
dereloped  by  the  resistance  of  a  metallic  or  other  c\^nducior  connecting  tke 
poles  K\(  the  battery  is  simply  Narrowed  from  tke  total  quantity  of  heat 
erolred  by  tke  ckemical  aciioik  taking  place  in  the  battery,  and  is  rigorously 
complementary  to  tkat  wkick  remains  in  tke  cells  i^f  tke  lottery,  the  heat 
erolred  in  the  entire  circuit  being  the  exact  e^uiraleni  of  the  ckemical 
action  which  takes  place.     If  any  external  aork  is  performed  by  the  cur- 

•  Phil.  M4f .  :**  xix.  iu\  ^  xaa.  Ck.  Ph5». :«;  xL  JML 
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renl*  such  as  oleelrolyiuls^  or  tnochanif^al  work,  or  by  un  cluHro  iiinijariic?tiu 
cnf^in««  Uio  lient  GTolved  in  ihe  circuit  U  diminished  by  tbc  heat-equivaleiit 
ol'  thv  decompoBitiua  or  meeliunical  work  done. 

CRYSTALLIZATION  ;  CHYSTALLINB  FORM. 

Alino?!  oTery  f5iibi»tanee,  simjile  or  couipmHul,  ciipiibk*  of  enisling  in  the 
solid  ^^tttte,  tt88tiiue*i»  under  fuv^iruble  cin;uniHt«m;i'8t  a  diwlinct  geotuctriciil 
form  or  figure,  iijiually  bounded  by  plune  Burfnoei-i,  «nd  having  atigle^  of 
fixed  and  constant  value.  Tb*^  fncnlty  of  oryatiillixation  wet^ms  tu  bo  dtfnied 
only  lo  ti  few  bodies,  cbiefly  highly  coiiiplei  firgnnie  principles,  which  8tiind, 
fts  it  wcre^  upoti  thts  very  verge  of  orguruintioUt  and  svbicb,  vvheii  in  llie 
Bolid  stnte.  iirc  frequently  chartieterized  by  n  kind  of  beady  or  glubukr 
appcarsiuce,  well  known  to  iiticroseopical  ubservcra, 

Tliu  fuoi^t  berLUtiful  exaniplen  of  oryj^tullizHtion  are  to  be  found  among 
nnlurAl  mineraii^,  tlio  res^ult**  mf  exceeditigly  hIow  chiinge^  coni4t)tii(ly  oetnir- 
ring  wiihin  ihe  earth.  It  ia  invurhibly  found  thnt  nrtificinl  erystuU  uf  aalt», 
Aud  other  soluble  sub^^innces  whitdi  hiive  been  slowly  and  quietly  depomted, 
eurpiit^s  in  siie  and  regularity  tboHC  of  in<>re  rapid  lorniHiioii. 

8olutioa  in  water  or  some  other  liquid  is  a  rery  fref|uent  method  of 
effeciiug  erystallittUion.  If  the  itiibslnueo  bo  more  soluble  at  a  btj^h  than 
At  a  low  temperature,  then  ri  hot  iiiid  saluraled  i«olutioa  left  to  cool  »lowly 
will  gener<illy  be  found  to  furnish  crystals ;  lhi«  \»  a  very  cointnoti  cane 
with  salts  and  various  organic  principles*  If  it  b**  equally  tNoluble,  or  nearly 
BO,  ttt  all  temperaiures,  tlicn  siluM  spontaneous  cvtiporatiou  in  the  Air^  or 
over  A  surfiicc  of  oil  of  vitriol,  often  proves  very  elfeeiive* 

Fusion  und  «low  cooling  may  be  eniployed  in  nmny  cases  ;  that  of  i«tilphur 
le  a  goc»d  cxumpte:  Ihc  niii^tals,  when  thus  ireated*  ysiudiy  atlord  tntccH  of 
cryjttnlline  figures,  which  sometimes  become  very  beiiuliful  ami  distincU  i*8 
with  bij^muth,  A  lliird  condiiinn  under  which  crystnls  very  often  form  is 
in  passing  from  the  gaseous  to  the  solid  state,  of  which  ioilino  affoi'ds  a 
good  insUince.  Whoa  by  any  of  (liese  means  time  is  allowed  for  th«  ^ym- 
mctricAl  arrangement  of  the  partiolea  of  mutter  at  the  moment  of  ^oUdifi- 
cation,  crystaltfi  are  produced. 

That  crystals  owe  their  tigitro  to  a  certain  regularity  of  internnl  structure 
VM  shown  both  by  their  mode  of  formntiou  litid  nUt)  by  the  peeulinriiies  at- 
tending their  fracture.  A  crystal  placed  in  a  slowly  evaporaiing  ^aturated 
solution  of  the  satne  substJinee  grows  or  inereases  by  a  continued  depyj-ition 
of  fresh  matter  upon  its  sides,  in  such  a  manner  that  the  atigles  formed  by 
the  meeiing  of  the  hitter  remain  unaltered. 

The  tendency  of  most  crysfalH  to  split  in  particuhir  directionB,  called  by 
mineralogists  cUavaji',  is  a  cortuin  indication  of  regular  structure,  while 
ilie  curious  optical  properties  of  many  among  them,  and  their  remarkable 
mode  of  expansion  by  lieat,  point  Ic*  the  ^f^axn^  coiicluHion. 

(1  may  be  laid  down  as  a  general  rule  thnt  i^yt^ry  Fuhstance  has  its  own 
erystfinino  form,  by  which  it  may  very  frequenlly  bo  rccogf»i*cd  at  once^ — 
not  lliat  each  subttanco  has  a  d liferent  figure,  allhough  very  great  diversity 
in  this  respect  is  to  be  found,  JSome  forms  are  much  more  comtnon  Ihan 
others,  as  the  cube  and  six-sidiMl  prism,  which  are  very  frequently  assumed 
by  H  number  of  bodies  not  iu  any  way  related. 

The  same  sub-<itanc<if  may  have,  under  different  sets  of  circumstances,  as 
high  and  low  temperatures,  two  differt-nt  crystalline  forms,  in  which  ease 
it  is  «aid  la  be  tLmorphonji.  Sulphur  and  carbon  furnish,  as  already  noticed, 
«i  am  pies  of  this  curious  fact:  another  case  is  presented  by  calcium  ciir- 
bonati*  in  the  two  modilications  of  calc  spar  and  arragonitc,  both  tdiemiculljj 
Ihe  same,  but  physic:itly  different.  A  fourth  exitmp\e  mi^vvVvc  ^\nv*\\ 'u\ 
mt*ri^nr\eim}hie,  which  uh<>  has  two  distinct  ftrma,  ami  cNe-tv  XNs'^i -Wft'CvticX 
ffoiftrs,  utTenng  tot  great  a  Co  tit  mat  as  those  of  dia.moTid  i^ttA  igyii^XvW^.  M 
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'WK,.^  ^^t*- ^  ^-^^ *^  TFT  ■!  Til  III  I  I  tj  ■  !■■!   if  I 

wt^jtrr^  ^  «lr»dk  sb«re  M«  Cw  k^wit  n  kink.  BUHijr.  the  «id  ar  < 

Ti«  <yyttflMtt  f MixAr^ccr  «>MH&flU  4f  ft  f«ir  O'f  fltcel  UmIcs  ■vrisg  with 
fmtMft  ttf>4«  ft  ecatre,  m  tWra  ia  i^  ]9L    He  «igfs  «  «  are  carcMly 


•dJimUd  to  the  faces  of  the  crjstal  whose  inclination  to  each  other  it  is 
r«quire«l  to  ascertain,  and  then  the  instrument  being  applied  to  the  divided 
seifiicirole,  the  contained  angle  is  at  once  read  off.  An  approximatiTe 
uieasuremeDt,  within  one  or  two  degrees,  can  be  easily  obtained  by  this 
instrument,  provided  the  planes  of  the  crystal  are  tolerably  perfect,  and 
large  enough  for  the  purpuse.  Some  practice  is  of  course  required  before 
even  this  amount  of  accuracy  can  be  attained. 

The  reflecting  goniometer  is  a  very  superior  instrument.  Its  indications 
being  correct  within  a  fraction  of  a  degree:  it  is  applicable  also  to  the 
meaituromont  of  the  angles  of  crystals  of  very  small  sixe,  the  only  condition 
required  being  that  their  planes  be  smooth  and  brilliant.  The  suljoined 
sketch  (fig.  162)  will  convey  an  idea  of  its  nature  and  mode  of  use. 


a  is  a  divided  circle  or  disc  of  bra^s,  the  axis  of  which  passes  stifflj  and 
without  shake  through  the  support  6.  This  axis  is  itself  pierced  to  admit 
the  pasMHgv  of  a  round  rod  or  wire.  terminAteil  by  the  mllled^edged  head  r, 
anddv.Htined  to  carry  the  crystal  to  be  measured,  by  means  of  ibe  jointed 
arm  d.     The  crystal  at  /  cau  thus  be  turned  round,  or  at^jux^ed  in  any 
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po^itiotii  without  ilie  ncccsaiiy  of  mi^vlng  the  disc.  A  Tcruicr,  e, 
Uumo9Ah\y  Wxvxl  to  tiw  uprii^lil  siippwrr,  servew  to  inoiiiiuru  vviib  grimt  ac- 
crurnicy  tlio  angiiI;Lr  inotiuii  of  llio  tlivMed  circk^ 

The  prmei|jle  upon  wbich  iho  meitsurenieiU  of  the  Anglf-  rests  is  very 
simple.  If  the  two  iiiljitceiti  p1ii»t;!i  of  a  cryHtuI  be  !!Uc;€eHsivt:]jr'  brought 
into  the  SAme  poi«i(]oa,  tho  anglo  tbrouf^li  vrbieh  the  crystal  vrtlll  liarG  moved 
will  be  ihe  aypplfmrni  to  that  eoiUmnai  hftwffH  the  two  plnnrs  If,  for  examplB, 
in  A  amall  cry st ill,  cab  (fig.  163)  be  tho  ungle  wliicli  la  to  be  determined. 


^^ni 


E 


tiid  tbe  reflecting  surrnce  a  ft  be  placed  in  such  a  position  that  the  reflection 
f  the  image  of  a  di^htrit  point  S  seen  from  0  exactly  covers  a  point  E  lying 
the  line  of  tbe  reflected  ray,  then  the  other  Bide  a  c  of  the  angle  cab 
lUSt  He  turned  through   tbe  angle  c  a/,  in  order  to  asfluoie  tbe  ?*iifrte  po- 
ll ion,  and  to  give  the  same  phenomenA  its  the  plane  n  b  ][»reviouslv  did. 
■"le  Jingle  c  a  /  is  the  suppk-nient  of  the  angle  f  a  k     All  thut  is  recjnircd 
be  done,  therefore,  is  to  mensnre  the  tingle  e  afwilh  ttccuracy,  and  sob- 
act  ita  value  from  IBiP-,  uml  this  the  goniometer  efl'ectjj. 
One  method  of  using  the  inptrnment  is  the  following:  —  The  goniometer 
placed  at  a  convenient   height  upion  a  ateeidy  tabh.'  in   IVont  of  ft  well 
tllnininated  window.      Horizontally  across  Ihe  kticr,  at  the  height  of  eight 
or  nine  feet  from  the  ground,  xa  stretched  a  narrow  bbick  ribbon,  while  li 
cond  Himilar  ribbon,  adjusted   parallel  (o  Ihe  first,  ia  fixed  beneath  the 
indow,  a  foot  or  eighteen  inchea  above  the  tHoor.     The  object  i*  to  obtain 
two  easily  risible  black  linen,  perfectly  paralkd.    The  «:Trystal  to  be  exainiiicd 
ih  jtttaehed  to  the  arm  of  the  goniorneter  at  /  by  a  little  wax,  and  adjusted 
in  ?uch  a  manner  that  the  edge  joining  the  two  platiea  whose  inclinution  ia 
be  measured  wball  nearly  coincide  with,  or  be  parallel  to,  the  axia  of  (ho 
jtrument.     Thigi  being  done,  the  adjustment  is  fow/j/fi'cd' in  the  following 
manner:  —  The  divided  circle  is  turned  unltl  the  «ero  of  the  vernier  comes 
to  IhWP;    the  crystal  ia  then  moved  round  by  means  of  the  inner  axis  c 
(fig.  152)  until  the  eye  placed  near  it   perceives  the  image  of  the   upper 
black  line  reflected  from  the  surface  of  one  of  the  plane?*  in  question.  Fol- 
lowing this  image,  the  crystal  i*  still  cautiously  turned  until  the  upper  black 
line  *eeu  by  reflection  approaches  ami  overlaps  the  lower  black  line  seen 
'wfjcHy  by  another  portion  of  the  pupil.     It  is  obvious,  that  if  the  plane  of 
€  crystal  be  quite  parallel  to  the  axis  of  the  instrument  (tbe  latter  being 
loriionlal),  the  two  lines  will  coinciile  eompletety.    If,  however,  this  Bhould 
not  be  the  caae,  the  crystal  must  be  moved  upon  the  wax  until  the  two  lines 
fall  in  one  when  «ijperpoiied.     The  second  face  of  the  crystal  must  then  be 
adjusted  in  the  name  manner,  care  being  taken  not  to  derange  the  position 
f  t*lie  fir**t.      When  by  repeated  observation  it  is  found  that  both  have  been 
rrectly  placed,  ao  as  to  bring  tbe  edge  into  tbe  required  conditinn  <»f 
Tallclism  with  the  axia  of  motion,  the  meaaurement  of  the  angle  uiay  be 
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For  this  purpose  the  crystal  is  moyed  as  before  by  the  inner  axis  until 
the  image  of  the  upper  line,  reflected  from  the  first  face  of  the  crystal, 
covers  the  lower  line  seen  directly.  The  great  circle,  carrying  the  whole 
with  it,  is  then  cautiously  turned  until  the  same  coincidence  of  the  upper 
with  the  lower  line  is  seen  by  means  of  the  second  face  of  the  crystal ; 
that  is,  the  second  face  is  brought  into  exactly  the  same  position  as  that 
previously  occupied  by  the  first.  Nothing  then  remains  but  to  read  off  by 
the  Temier  the  angle  through  which  the  circle  has  been  moved  in  this 
operation.  The  division  upon  the  circle  itself  is  very  often  made  backward^ 
so  that  the  angle  of  motion  is  not  obtained,  but  its  supplement,  or  the  angle 
of  the  crystal  required. 

It  may  be  necessary  to  remark,  that,  although  the  principle  of  the 
operation  described  is  in  the  highest  degree  simple,  its  successful  practice 
requires  considerable  skill  and  experience. 
,  If  a  crystal  of  tolerably  simple  form  be  attentively  considered,  it  will  be- 
come evident  that  certain  directions  can  be  pointed  out  in  which  straight 
lines  may  be  imagined  to  be  drawn,  passing  through  the  central  point  of 
the  crystal  from  side  to  side,  from  end  to  end,  or  from  one  angle  to  that 
opposed  to  it,  &c.,  about  which  lines  the  particles  of  matter  composing  the 
crystal  mj^y  be  conceived  to  be  symmetrically  built  up.  Such  lines,  or  ax«*, 
Hre  not  always  purely  imaginary,  however,  as  may  be  inferred  from  the  re- 
markable optical  properties  of  many  crystals:  upon  their  number,  relative 
lengths,  position,  and  inclination  to  each  other,  depends  the  outward  figure 
of  the  crystal  itself. 

All  crystalline  forms  may  upon  this  plan  be  arranged  in  six  classes  or 
tyatema;  these  are  the  following: 

1.  The  monometriey  regulary  or  eubk  syttem,  —  The  crystals  of  this  division 
have  three  equal  axes,  all  placed  at  right  angles  to  each  other.  The  most 
important  forms  are  the  cube  (I),  the  regular  oetohedron  (2),  and  the  rhombic 
dodecahedron  (8). 

The  letters  a— a  (fig.  154)  show  the  termination  of  the  three  axes,  placed 
as  stated. 


Very  many  substances,  both  simple  and  compound,  assume  these  forms. 
as  most  of  the  metals,  carbon  in  the  state  of  diamond,  common  salt,  po- 
tassium iodide,  the  alums,  fluor-spar,  iron  bisulphide,  garnet,  spinelle.  &c. 

2.  The  dimetrie,  quadratic ^  square  prismatic^  or  pj/ramidal  sf/stem.  —  Three 
axes  are  here  also  observed,  at  right  angles  to  each  other.  Of  these,  how- 
ever, two  only  are  of  equal  length,  the  third  being  longer  or  shorter.  The 
most  important  forms  are,  a  right  square  prism,  in  which  the  lateral  axes 
terminate  in  the  central  point  of  each  side  (1) ;  a  second  right  square  prism, 
in  which  the  axes  terminate  in  the  edges  (2) ;  a  corresponding  pair  of  right, 
square-based  octohedrons  (3  and  4). 
Examples  of  these  forms  arc  to  be  found  in  lircon,  native  stannic  oxide, 
apophjrllJte,  jellow  potassium  ferrocyanide,  &c. 
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a—a.  Principal  or  Tertical  axes. 
b—b.  SocoDoary  or  lateral  axes. 

8.  The  rkomhohedral  syaiem.  —  This  is  very  important  and  extensive ;  it  is 
characterised  by  fiur  axes,  three  of  which  are  equal,  in  the  same  plane, 
and  inclined  to  each  other  at  angles  of  60^,  while  the  fourth  or  principal 
axis  is  perpendicular  to  all.  The  regular  six-sided  prmi  (1),  the  quariz-dode- 
eahedron  (2),  the  rhombohedron  (3),  and  a  second  dodecahedron,  called  a 
sealenohedron,  whose  faces  are  scalene  triangles  (4),  belong  to  the  system  ia 
question. 

FVg.  15«. 
12  8  4 


'^t*^^ 


Principal  axis. 
b — b.  Secondary  axes. 


Examples  are  readily  found ;  as  in  ice,  calc  spar,  sodium  nitrate,  beryl, 
quarts  or  rock-crystal,  and  the  semi-metals,  arsenic,  antimony,  and  tel- 
lurium. 

4.  The  tfimetrie,  rhombic,  or  right  prismatic  system.  —  This  is  characterised 
by  three  axes  of  unequal  lengths,  placed  at  right  angles  to  each  other,  as 


Fig.  167. 


— a.  Principal  axis, 

6 — 6,  0— c  Secondary  axes. 


in  ibe  r^hi  rectangular  prism  (1),  the  right  rhomhie  priam  (^V  ^^^  '^^^  ^*^ 
Uf^^^ylar^ased  octoAedron  (8),  and  the  right  rhombichaud  ocloKedron  Qw^. 


262 


ORTSTALLINB  FORK. 


The  sjstem  is  exemplified  in  sulphur  crystalliied  at  a  low  temperature, 
arsenical  iron  pyrites,  potassium  nitrate  and  sulphate,  barium  sulphate,  &c. 

6.  The  monoclinie  or  oblique  prismatic  syttem.  —  Crystals  belonging  to  this 
group  haye  also  three  axes,  which  may  be  all  unequal ;  two  of  these  (the 
secondary)  are  placed  at  right  angles,  the  third  being  so  inclined  as  to  be 
oblique  to  one  and  perpendicular  to  the  other.     To  this  system  may  be  re- 


a— a.  Principal  axis. 

b — b,  e— c.  Secondary  axM. 

ferred  the  four  following  forms:  The  Migve  rtctangvlar  prtBrn  (1),  the  oblique 
rhombic  prism  (2),  the  oblique  rectangular-based  octohedron  (8),  the  oblique 
rhombic-based  octohedron  (4). 

Such  forms  are  taken  by  sulphur  crystallized  by  fusion  and  cooling,  real- 
gar, sulphate,  carbonate  and  phosphate  of  sodium,  borax,  green  vitriol, 
and  many  other  salts. 

6.  The  triclinic^  anorthic,  or  doubly  oblique  prismatic  system.  —  The  crys- 
talline forms  comprehended  in  this  division  are,  from  their  great  apparent 
irregularity,  exceedingly  difficult  to  study  and  understand.     In  them  are 

Fig.  150. 
12  8  4 


a — a.  Principal  nxlf,  m  Iteforo. 
b — 6,  o—c  8«}Comlury  axes. 

traced  three  axes,  which  may  be  all  unequal  in  length,  and  are  all  oblique 
to  each  other,  as  in  the  two  doubly  oblique  prisms  (1  and  2),  and  in  the  cor- 
responding doubly  oblique  octahedrons  (3  and  4). 

Copper  sulphate,  bismuth  nitrate,   and  potassium  quadroxalate  afford 
illustrations  of  these  forms. 

If  a  crystal  increase  in  magnitude  by  equal  additions  on  every  part,  it  is 

quite  clear  that  its  figure  must  remain  unaltered ;  but  if,  from  some  cause, 

this  I'acreAse  Bbouhl  be  partial,  the  newly  deposited  matter  being  distributed 

unequally,  hut  atill  in  obedience  to  ceTtaVn  de^nMft  \iwN«ft>  ^Vw^^  «\V«t^Uon8 

of  form  ArA  oroduced,  giving  rise  to  figutca  'wYiicliiYiiwv^  «^  ^Kt^^V.  ^'twa^Vtv- 
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cal  connection  with  that  from  which  they  are  derived.  If,  for  example,  in 
the  cube,  a  reguhur  omlssioa  of  successive  rows  of  particles  of  matter  in  a 
certain  order  be  made  at  each  solid  angle,  while  the  crystal  continues  ho 
increase  elsewhere,  the  result  will  be  the  production  of  small  triangular 
planes,  which,  as  the  process  advances,  gradually  usurp  the  whole  of  the 
surface  of  the  crystal,  and  convert  the  cube  into  an  octohedron.     The  new 

Fig,  160. 


Parage  of  cube  to  octohedron. 

planes  are  called  ucondary^  and  their  production  is  said  to  take  place  by 
regular  decrementa  upon  the  solid  angles.  The  same  thing  may  happen  on 
the  edges  of  the  cube ;  a  new  figure,  the  rhombic  dodecahedron,  is  then 
generated.  The  modifications  which  can  thus  be  produced  of  the  original 
or  primary  figure  (all  of  which  are  subject  to  exact  geometrical  laws)  are 
very  numerous.  Several  distinct  modifications  may  be  present  at  the  same 
time,  and  thus  render  the  form  exceedingly  complex. 

Crystals  often  cleave  parallel  to  all  the  planes  of  the  primary  figure,  as  in 
calc  spar,  which  offers  a  good  illustration  of  this  perfect  cleavage.  Some- 
times one  or  two  of  these  planes  have  a  kind  of  preference  over  the  rest  in 
this  respect,  the  crystal  splitting  readily  in  these  directions  only. 

A  very  curious  modification  of  the  figure  sometimes  occurs  by  the  exces- 
sive growth  of  each  alternate  plane  of  the  crystal;  the  rest  become  at 
length  obliterated,  and  the  crystal  assumes  the  character  called  hemihedriU 
or  half-tided.  This  is  well  seen  in  the  production  of  the  tetrahedron  from 
the  regular  octohedron,  and  of  the  rhombohedric  form  by  a  similar  change 
from  the  quartz-dodecahedron  already  figured. 

Pig.  ISL 


Passage  of  octohedron  to  tetrahedron. 

Forms  belonging  to  the  same  crystallographic  system  are  related  to  each 
other  by  several  natural  affinities. 

1.  It  it  only  the  timple  forms  of  the  tame  tyttem  that  can  combine  into  a  com- 
ptez  form.  —  For  in  all  fully  developed  f  holohedral)  natural  crystals  it  is 
found  that  all  the  similar  parts,  if  modified  at  all,  are  modified  in  an  ex- 
actly similar  manner  (in  hemihedral  forms,  half  the  similar  edges  and 
angles  alternately  situated  are  similarly  modified).  Now  this  can  be  the 
case  only  when  the  dominant  form  and  the  modifying  form  are  developed 
according  to  the  same  law  of  symmetry.  Thus,  if  a  cube  and  a  regular 
'  octohedron  are  developed  round  the  same  system  of  axe»,  «ac\i  ^utivtivW  ^t 
tke,6abe  is  out  off  to  the  same  extent  by  a  face  of  ihe  oqVoYv^^tqtv^  c^t  vka 
Bat  B  oabe  cooJd  never  combine  in  this  n^ann^r  YiVtYi  8^  i^\\wb^\\q  ocVAi- 
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hedron,  because  it  would  be  impossible  to  place  the  two  forms  In  ineh  a 
manner  that  similar  parts  of  the  one  should  throughout  replace  similar  parts 
of  the  other. 

The  crystals  of  each  system  are  thus  subject  to  a  peculiar  and  distinct  set 
of  modifications,  the  observation  of  which  very  frequently  constitutes  an 
excellent  guide  to  the  discovery  of  the  primary  form  itself. 

2.  Cryatalt  belon^ng  to  the  tame  tyttem  are  intimately  related  m  their  eptieal 
propertiet.  — Crystals  belonging  to  the  regular  system  (as  the  diamond,  alum, 
rock-salt,  &o.)  refract  light  in  the  same  manner  as  uncrystalliied  bodies; 
that  is  to  say,  they  have  but  one  refractive  index,  and  a  ray  of  light  passing 
through  them  in  any  direction  is  refracted  singly.  But  all  other  crystals 
refract  doubly,  that  is  to  say,  a  ray  of  light  passing  through  them  (except 
in  certain  directions)  is  split  into  two  rays,  the  one,  called  the  ordinary  ray, 
being  refracted  as  it  would  be  by  an  amorphous  body,  the  other,  called  the 
eztraordinary  ray,  being  refracted  according  to  peculiar  and  more  complex 
laws  (see  Light).  Now  the  crystals  of  the  dimetric  and  hexagonal  systems 
resemble  each  other  in  this  respect,  that  in  all  of  them  there  is  one  direc- 
tion, called  the  optic  axis,  or  axis  of  double  refraction  (coinciding  with  the 
principal  crystallographic  axis),  along  which  a  ray  of  light  is  refracted 
singly,  while  in  all  other  directions  it  is  refracted  doubly;  whereas  in  crys- 
tals belonging  to  the  other  systems,  vix.,  the  triroetrio  and  the  two  oblique 
systems,  there  are  always  two  directions  or  axes,  along  which  a  ray  is  singly 
refracted. 

3.  Crystals  belonging  to  the  same  system  resemble  each  other  m  their  mode  ofeotk" 
ducting  heat. — Amorphous  bodies  and  crystals  of  the  regular  system  con- 
duct heat  equally  in  all  directions,  so  that,  supposing  a  centre  of  heat  to 
exist  within  such  a  body,  the  isothermal  surfaces  will  be  spheres.  But 
crystals  of  the  dimetric  and  hexagonal  systems  conduct  equally  only  in 
directions  perpendicular  to  the  principal  axis,  so  that  in  such  crystals  the 
isothermal  surfaces  are  ellipsoids  of  revolution  around  that  axis;  and 
crystals  belonging  to  either  of  the  three  other  systems  conduct  unequally 
in  all  directions,  so  that  in  them  the  isothermal  surfaces  are  ellipsoids  with 
three  unequal  axes. 

Relations  of  Form  and  Constitution;  Isomorphism, 

Certain  substances,  to  which  a  similar  chemical  constitution  is  ascribed, 
possess  the  remarkable  property  of  exactly  replacing  each  other  in  crys- 
tallized compounds  without  alteration  of  the  characteristic  geometrical 
figure.     Such  bodies  are  said  to  be  isomorphous.* 

For  example,  magnesia,  zinc  oxide,  cupric  oxide,  ferrous  oxide,  and 
nickel  oxide  are  allied  by  isomorphic  relations  of  the  most  intimate  nature. 
The  salts  formed  by  these  substances  with  the  same  acid  and  similar  pro- 
portions of  wat«r  of  crystallization,  are  identical  in  their  form,  and,  when 
of  the  same  color,  cannot  be  distinguished  by  the  eye:  the  sulphates  of 
magnesium  and  zinc  may  be  thus  confounded.  These  sulphates,  too,  all 
combine  with  potassium  sulphate  and  ammonium  sulphate,  giving  rise  to 
double  salts,  whose  figure  is  the  same,  but  quite  different  from  that  of  the 
simple  sulphates.  Indeed  this  connection  between  identity  of  form  and 
parallelism  of  constitution  runs  through  all  their  combinations. 

In  the  same  manner  alumina  and  iron  sesquioxide  replace  each  other 
continually  without  change  of  crystalline  figure:  the  same  remark  may  be 
made  of  the  oxides  of  potassium,  sodium,  and  ammonium,  these  bodies 
being  strictly  isomorphous.  The  alumina  in  common  alum  may  be  replaced 
by  iron  sesquioxide,  the  potash  by  ammonia  or  by  soda,  and  still  the  figure 
of  the  orjratal  remains  unchanged.     These  replacements  may  be  partial 

f  from  hot,  equal,  and  f^^n^  iMp^  «  *««^ 
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only:  we  may  have  an  alum  contnining  both  potft^h  and  ammnfiiii,  or 
Blumina  fiud  ohroiuium  HUHiiiiioJciile.  By  nirlificiail  iiiau»ji;«TncDl—  naiiielj, 
b>5'  tmnsferring  the  crystal  DUicceasively  lo  diffeieut  i^olulioug  —  we  ttisy 
liavc*  tUcac  isonjorphoUH  nnd  luutually  rephieiiig  vompuutid»  distributed  in 
'  dilF^reiil  tiiyera  upon  the  nanic  cryHtcil. 

F'or  these  reasons,  mixtures  (jf  isouiorphoua  salts  can  never  he  separated 

by  crystullitation,   imletts  their  ditfereuce  of  polubilhy  h  very  greut.     A 

niied  Holution  of  ferrous  sulphnte  and  rdekel  »ulpbule,  i&finiorphout)  »>tlts, 

rielils  on  evftporiiiion   crystals   containing   buih   iron   and   nickel.     Hut  if 

befo»'e  eTHportttion  the  ferrous  ttult  he  converted  Into  ferrie  J*ult,  by  chlorine 

'  other  Dieana,  tlien  ihe  crystals  ohtaitied  are  free  from  iron,  except  thiit 

the  molhcrditiuor  which  weiB  them.      The   ferrie  f^alt   ia  no  lunger  i»o- 

norphous  wiih  the  nickel  suU,  and  eudily  separates  from  ilie  latter* 

When  compound.^  lire  thus  found  lo   correi<pond,  it   is  iivferred   that  (he 

elements  conipoj^ing   them   urc   also   sometimes   isoinorphoiis,      Tlius,   (he 

aetiils  magnesium,  zinc^  iron,  iiind  copper  are  presuuied  to  he  isomurphoiis: 

rsenic  and  pho5*phortl^4  huve  not  the  same  cry sta] line  form;  nevertheless^ 

bey  are  said  to  be  isoniorphoua,  because  arseiuc  and  phosphoric  acidj^  give 

riiie  to  combinations  which  agree  most  completely  in  ligurc  and  eouj^tiiution. 

The  chlorides,  iodides,  bromides,  and   fluorides  agree,  whenever  they  cait 

"l^e  observed,  in  the  mo«t  perfect  nmaner:   hence  the   elements   tbeniselvos 

re  believed  to  be  also  isomorpboiis,      rnforlunaiely,  for  obvious  reaaoni, 

is  very  difficult  to  observe  the  crystalline  figure  of  most  of  Ibe  eleuien- 

tftry  bodies,  and  this  diCQculty  is  iucreaeed   by  the  frei|t)ent  dimorphisui 

hey  exhibit. 

Absolute  identity  of  value  m  the  angles  of  crystals  is  not  always  ex- 
hibited by  iBomorplious  substances.  In  other  words,  smnll  variations  often 
occur  in  the  magnitude  of  I  he  angles  of  crystals  of  compounds  whirb  in 
«iU  other  respects  show  the  closest  isomorphic  relations.  This  should  occa- 
"on  no  surprise,  as  there  are  reasons  why  such  variations  might  be  el- 
ected, the  chief  perhaps  being  the  unequal  effect*  of  eiEpftn!*ioii  by  heat, 
hj  which  the  ar»glea  of  the  same  crystal  are  changed  by  nlterution  oflem- 
perature,     A  good  example  is  found  in  the  case  of  the  carbonates  of  cal- 

Icium,  tnagnesium,  manganese,  iron,  and  xinc,  which  ore  found  native  crys* 
lattized  in  the  form  of  obtuse  rhoinboiicdronB  (fig.  ITiti),,  not  disiingiiisliablo 
mtotn  each  other  by  the  eye,  or  even  by  the  common  gimiomeler.  but  show- 
Bg  small  differences  when  cxoniiued  by  the  more  accurate  iD!i?(rumcnt  of 
Pr.  Wollastou,  These  compounds  arc  isooiorphons,  and  the  measurements 
of  iho  obtuse  angles  of  their  rhombohcdroiis  are  aa  follows: 


k 


Calcium  carhoDaio 
Magnesium   ♦* 
Manganous  ** 
FetToufl  •* 

Zinc  ** 


ICVi^    5' 
107*'  26' 
107°  20' 
107'^ 
107<»  40' 


AnomalieB  in  the  compomtion  of  various  earthy  mineratst  which  formerly 
threw  much  obscurity  upon  their  chemical  nnturct  have  been  in  great 
measure  explained  by  these  discoveries.  Hpecimetis  of  the  same  mineral 
from  different  localities  were  found  to  afford  very  discordant  rcsulls  on 
analysis.  But  the  proof  once  given  of  the  extent  to  which  substitution  of 
isomorphoMS  bodies  may  go,  without  destruction  of  what  maj-  be  called 
the  primitive  type  of  the  compound,  ihewe  difficulties  vanish. 

Decision  of  a  doubtful  point  eoiieerning  the  constitution  of  a  com\>ovwi\*\ 
may  now  and  then  be  very  satisfactorily  made  by  a  referet\ce  \t\  \\v\%  %i8l\\\^ 
law  of  IsomorphlsiD.     Thun,  alummn,  Ibe  only  known  oitvAc  ol  b\\\w\\\\\v\ww, 
iM  judged  to  be  s  sesquioxidCf  from  its  rolaliotk  lo  a«;UQuWxV^<e  «t  \vox3^ 
^3 
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which  is  eertainl J  so ;  the  black  oxide  of  copper  is  inferred  to  be  really 
the  monoxide,  although  it  contains  twice  as  mueh  oxygen  as  the  red  oxide, 
b^aose  it  is  isomorphous  with  magnesia  and  line  oxide,  both  undoubted 
monoxides. 

The  subjoined  table  will  serre  to  convey  some  idea  of  the  most  important 
families  of  isomorphous  elements ;  it  is  taken,  with  slight  modification,  from 
Professor  Graham's  Elements  of  Chemistry,*  to  which  the  pupil  is  referred 
for  f^er  details  on  this  interesting  mbjeot : 


0) 

Sulphur  . 

Banum 

Sodium 

Selenium 

Strontium 

Silver 

Tellurium. 

Lead. 

ThaUiom 
Gold 

(2.) 
Magnesium 
Calcium 

(4) 
Platinum 
Iridium 

Potassium 

Manganese 
Iron 

Osmium. 

Chlorine 

Cobalt 

(5.) 

Iodine 

Nickel 

Tin 

Zinc 

Titanium 

Fluorine 

Cadmium 

Zirconium 

Copper 

Chromium 

Aluminium 

Tungsten 

Molybdenum 

Tantalum 

Phosphorus 

Glucinum. 

Niobium. 

Arsenic 
Antimony 
Bismuth 
Vanadium. 

A  comparison  of  this  table  with  that  on  page  236  will  show  that,  in  many 
instances,  isomorphous  elements  exhibit  equal  equivalence  or  combining 
power,  and  more  generally  that  the  isomorphous  groups  consist  either 
wholly  of  perissad  or  wholly  of  artiad  elements.  The  only  apparent  ex- 
ception to  this  rule  is  afforded  by  tantalum  and  niobium,  whicn,  although 
pentads,  are  isomorphous  with  tin,  tungsten,  and  other  tetrad  and  hexad 
elements. 

•  geooDd  Am.  edition,  p.  148. 


CHEMiSTEY  OF  THE  METALS. 

pHE  meUls  conBtitute  the  second  mid  larger  group  of  elementary  bodies. 
_  A  great  number  of  ihcm  iire  of  very  rurt*  i>ceurrt*ncc,  lieing  found  only 
Eln  &  few  ftciircB  minernls;  others  arc  more  abundant^  and  i^ome  few  almost 
|liniver»nlly  diffueed  th  rough  out  the  globe.  Some  of  these  bodji»s  are  of 
Intoi^it  imitartaiice  when  in  the  raehiUio  i^tate ;  oihiTs^  when  in  coinbinatioD, 
Bhiefly  h&  oxidcij,  the  metula  theiiiselvea  being  almoi^t  unknown.  Mtmy  are 
[uficd  in  medicine  and  in  the  arLBp  and  are  esseatlaUy  coanected  with  the 
progress  of  ciTilixntion. 

If  Jtr«eiiic  be  inclnded,  the  meUlg  amount  to  fifty  in  number. 

Pht/aical  Propfrtits. — One  of  the  moat  reiiuvrkiiblii  and  striking  charac* 

iere  poflsessed  by  the  meUla  is  their  peculiar  luaire:  ibis  iis  so  eharaoler- 

ietic,  tbal  ttie  exprenaion  metallic  Imfrf  has  piissed  into  common  speech. 

This  property  is  no  doubt  connected  with  the  extraordinary  degree  of  opa- 

eity  wbieHi  the   metalfi  present  in  every  instance.     The  thinnest  leaves  or 

plaleA,  fttid  the  edges  of  crystalline  lamina;,  arrest  the  pa;»sage  of  light  in 

Ijo  moist  complete  manner.     An  except  ion  to  the  rule  is  usually  miidc  in 

fcTor  of  gold-leaf^  which^  when  held  up  to  the  daylight,  exhibits  a  greenish, 

i  some  cases  a  purple  color,  as  if  it  w^ere  really  endued  with  a  certain 

)  of  tmnaluceney  ;    the  metallic  lilm  is,  however,  generally  so  impcr- 

bat  it  is  aomewhat  difficult  to  say  whether  tbe  observed  etfect  may  not 

in  some  measure  due  to  multitudes  of  little  hole*,  many  of  which  are 

iiible  lo  the  naked  eye;   but  Faraday's  experiments  have  eslabliahed  the 

tnilucency  of  gold  beyond  all  doubt. 

In  point  of  color^  the  metala  present  a  certain  degree  of  uniformity :  with 

I  exceptions — vi?,,  copper,  which  is  red«  and  gold,  wliich  is  yellow  — 

11  these  bodies  arc  included  between   the  pure  white  of  silver  and  the 

diiish'gray  tint  of  lead:  bismuth,  it  is  truc^  has  a  pinkish  color,  and  cal* 

lum  and  strontium  a  yellowish  tint,  but  these  tints  mre  very  feeble. 

The  differences  <if  vpftifit  gravity  are  very  wide,  pnssTug   from   lUhium, 

olas«iium,  and  sodium,  wlueh  are  lighter  than  water,  to  platinum,  whiich  is 

pearly  twenty-one  times  heavier  than  an  equal  bulk  of  that  li4|uid. 


TahU  0/  tht  Specific  Gravities  of  MttaU  at  15*5*»  C  (GO"  F.) 


PlaUnam    . 
Gold       , 

Uranium     . 

Tungsten 

Mercury 

Palladium 

Lead   . 

Silver     . 

Bismuth 

Copper   . 

Nickel  ♦ 

Cadmium 

Molybdenum 


21-50 
tG50 
18-4 
17 -no 
13  5T* 

11-30  to  11  8 
11  41-^ 
l(>-50 
i>-90 

880 
8-70 
8^ 


^ 
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Cobalt      . 

8-54 

Manganese    . 
Iron 

.    800 
7-79 

Tin       . 

.     7-29 

Zinc 

6-86  to  7-1 

Antimony     . 
Tellurium  . 

.     680 
6-11 

Arsenic 

.    5-88 

Aluminium 

2-66  to  2-67 

Magnesium  . 
Sodium     . 

.     1-75 
0-972 

Potassium    . 

.    0-865 

Lithium    . 

0-598 

The  property  of  malleability^  or  power  of  extension  under  the  hammer, 
or  between  the  rollers  of  the  flatting-mill,  is  possessed  by  certain  of  the 
metals  to  a  very  great  extent.  Gold-leaf  is  a  remarkable  example  of  the 
tenuity  to  which  a  malleable  metal  may  be  brought  by  suitable  means.  Tho 
gilding  on  silver  wire  used  in  the  manufacture  of  gold  lace  is  even  thinner, 
and  yet  presents  an  unbroken  surface.  Silver  may  be  beaten  out  very  thin  — 
copper  also,  but  to  an  inferior  extent;  tin  and  platinum  are  easily  rolled 
out  into  foil;  iron,  palladium,  lead,  nickel,  cadmium,  the  metals  of  the 
alkalies,  and  mercury  when  solidified,  are  also  malleable.  Zinc  may  be 
placed  midway  between  the  malleable  and  brittle  division ;  then  perhaps 
bismuth ;  and,  lastly,  such  metals  as  antimony  and  arsenic,  which  are  al- 
together destitute  of  malleability. 

The  specific  gravity  of  malleable  metals  is  usually  very  sensibly  increased 
by  pressure  or  blows,  and  the  metals  themselves  are  rendered  much  harder, 
with  a  tendency  to  brittleness.  This  condition  is  destroyed  and  the  former 
soft  state  restored  by  the  operation  of  annealing^  which  consists  in  heating 
the  metal  to  redness  out  of  contact  with  air  (if  it  will  bear  that  temperature 
without  fusion),  and  cooling  it  quickly  or  slowly  according  to  the  circum- 
stances of  the  case.  After  this  operation,  it  is  found  to  possess  its  original 
specific  gravity. 

Ductility  is  a  property  distinct  from  the  last,  inasmuch  as  it  involves  the 
principle  of  tenacity,  or  power  of  resisting  tension.  The 
Fig- 182.  art  of  wire-drawing  is  one  of  great  antiquity :  it  consists  in 
drawing  rods  of  metal  through  a  succession  of  trumpet- 
shaped  holes  in  a  steel  plate,  each  being  a  little  smaller  than 
its  predecessor,  until  the  requisite  degree  of  fineness  is  at- 
tained. The  metal  often  becomes  very  hard  and  rigid  in 
this  process,  and  is  then  liable  to  break :  this  is  remedied  by 
annealing.  The  order  of  tenacity  among  the  metals  suscep- 
tible of  being  easily  drawn  into  wire  is  the  following:  it  is 
determined  by  observing  the  weights  required  to  break 
asunder  wires  drawn  through  the  same  orifice  of  the  plate : 


/:\ 


w 


^\ 


\j 


Iron 

Gold 

Copper 

Zinc 

Platinum 

Tin 

Silver 

Lead. 

Metals  differ  as  much  in  fusibility  as  in  density.     The  following  table  will 

give  an  idea  of  their  relations  to  heat.     The  melting-points  of  the  metals 

which  fuse  only  at  a  temperature  above  ignition,  and  that  of  zinc,  are  on 

the  authority  of  the  late  Professor  BanieW,  YiaVm^  Yi^^u  ob*<irved  by  the 

Iielp  of  hiB  pyrt  '\Tt  desoribed; 
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Melting  points. 

F.           C. 

r  Mercury -89o    -89-44o 

Rubidium           ....          101*8     38*5 

Potassium 144*6    62*5 

Sodium 207-7    97*6 

Lithium 856      180 

Tin 442      227*8 

Fusible  below 

Cadmium       .        .        .        (about)  442      228 

ft  red  heftt. 

Bismuth 497      258 

ThalUum 561      294 

Lead 617      825 

Tellurium — rather  less  Visible  than  lead. 

Arsenic  —  unknown. 

Zinc 778      412 

Antimony— just  below  redness. 

Melting  pointe. 

F.               C. 

rSiWer 1878"       1028« 

Copper 1996        1091 

Gold 2016        1102 

Cast-iron 2786        1580 

Pure  iron 

Nickel 

Cobalt 

Highest  heat  of  forge. 

Manganese 

Palladium 

InfVisible  below 

Molybdenum  ' 

a  red  heat. 

Uranium 

Agglomerate,  but  do  not  melt  in  the 

Tungsten 

forge. 

Chromium 

Titanium 

Cerium 

Osmium 
Iridium 
Rhodium 

Invisible  in  ordinary  blast-fUmaces ; 

fusible  by  oxy-hydrogen  blowpipe. 

Platinum 

1 

'antalum 

Some  metals  acquire  a  pasty  or  adhesive  state  before  becoming  fluid: 
this  is  the  case  with  iron  and  platinum,  and  also  with  the  metals  of  the 
alkalies.  It  is  this  peculiarity  which  confers  the  very  valuable  property  of 
welding,  by  which  pieces  of  iron  and  steel  are  united  without  solder,  and 
the  finely  divided  metallic  sponge  of  platinum  is  converted  into  a  solid  and 
compact  bar. 

VoUuUity  is  possessed  by  certain  members  of  this  class,  and  perhaps  by 
all,  could  temperatures  sufficiently  elevated  be  obtained.  Mercury  boils 
and  distils  below  a  red  heat;  potassium,  sodium,  line,  magnesium,  and 
cadmium  rise  in  vapor  when  heated  to  bright  redness ;  arsenic  and  tellu- 
rium are  volatile. 
28* 
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CHEMICAL  RELATIONS  OF  THE  METALS. 

Metallic  combinations  are  of  two  kinds — namely,  those  formed  by  the 
union  of  metals  among  themselves,  which  are  called  alloys,  or,  where  mer- 
cury is  concerned,  amalgams ;  and  those  generated  by  combination  with 
the  non-mctallio  elements,  as  oxides,  chlorides,  sulphides,  &o.  In  this 
latter  case,  tlie  metallic  characters  are  almost  invariably  lost. 

Alloys.  —  Most  metals  are  probably,  to  some  extent,  capable  of  existing 
in  a  state  of  combination  with  each  other  in  definite  proportions;  but  it 
is  difficult  to  obtain  tliese  compounds  in  a  separate  condition,  since  they 
dissolve  in  all  proportions  in  the  melted  metals,  and  do  not  generally  differ 
so  widely  in  their  melting  points  from  the  metals  they  may  be  mixed  with, 
as  to  be  separated  by  crystallization  in  a  definite  condition.  Exceptions 
to  this  rule  are  met  with  in  the  cooling  of  argentiferous  lead,  the  crystal- 
lization of  brass,  and  of  gun-metal. 

The  chemical  force  capable  of  being  exerted  between  different  metals  is 
for  the  most  part  very  feeble,  and  the  consequent  state  of  combination  is 
therefore  very  easily  disturbed  by  the  influence  of  other  forces.  The 
stability  of  such  metallic  compounds  is,  however,  greater  in  proportion  to 
the  general  chemical  dissimilarity  of  the  metals  they  contain.  But  in  all 
cases  of  combination  between  metals,  the  alteration  of  physical  characters, 
which  is  the  distinctive  feature  of  chemical  combination,  does  not  take 
place  to  any  great  extent.  The  most  unquestionable  compounds  of  metals 
with  metals  are  still  metallic  in  their  general  physical  characters,  and  there 
is  no  such  transmutation  of  the  individuality  of  their  constituents  as  takes 
place  in  the  combination  of  a  metal  with  oxygen,  or  sulphur,  chlorine,  &c. 
The  alteration  of  characters  in  alloys  is  generally  limited  to  the  color,  de- 
gree of  hardness,  tenacity,  &c.,  and  it  is  only  when  the  constituent  metals 
are  capable  of  assuming  opposite  chemical  relations  that  these  compounds* 
are  distinguished  by  great  briltlcness. 

The  formation  of  actual  chemical  compounds,  in  some  cases,  when  two 
metals  are  melted  together,  is  indicated  by  several  phenomena,  viz.,  the 
evolution  of  heat^  as  in  the  case  of  platinum  and  tin,  copper  and  zinc,  &c. 
The  density  of  alloys  differs  from  that  of  mere  mixtures  of  the  metals. 
In  the  solidification  of  alloys,  the  temperature  does  not  always  fall  uni- 
formly, but  often  remains  stationary  at  particular  degrees,  which  may  be 
regarded  as  the  solidifying  points  of  the  compounds  then  crystallizing. 
Tin  and  lead  melted  together  in  any  proportions  always  form  a  compound 
which  solidifies  at  187®  C.  The  melting-point  of  an  alloy  is  often  very 
different  from  the  point  of  solidification,  and  it  is  generally  lower  than 
the  mean  melting  point  of  the  constituent  metals. 

But  though  metals  may  combine  when  melted  together,  it  is  doubtful 
whether  they  remain  combined  after  the  solidification  of  the  mass,  and  the 
wide  differences  between  the  melting  and  solidifying  points  of  certain  alloys 
appear  to  indicate  that  the  existence  of  these  compounds  is  limited  to  a 
certain  range  of  temperature.  Matthiessen  *  regards  it  as  probable  that 
the  condition  of  an  alloy  of  two  metals  in  the  liquid  state  may  be  either 
that  of — I.  A  solution  of  one  metal  in  another;  2.  Chemical  combination; 
8.  Mechanical  mixture;  or,  4.  A  solution  or  mixture  of  two  or  all  of  the 
above ;  and  that  similar  differences  may  obtain  as  to  its  condition  in  the 
solid  state. 

The  chemical  action  of  reagents  upon  alloys  is  sometimes  very  different 
from  their  action  upon  metals  in  the  separate  state :  thus,  platinum  alloyed 

•  British  AsBodaUou  Reporti,  1863,  p.  97. 
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4th  silTfr  18  readily  disfioWoti  bj' nitric  ftoul,  Tint  is  not  jiffcctcd  by  that 
ci'l  when  unulloyed.  On  th«  contrary,  aillver,  which  iti  the  siipJirate  t<tat© 
I  reatiily  dissolved  by  nitric  acid,  i«i  not  di«5*cj1ved  by  it  wben  alloyed  witb 
old  in  proportiona  loucli  kaa  ihaii  ono  fourth  of  the  alloy  by  iveight. 


COlfPOCNBS  OF  METALS  WITH  MFTAlLOlDa,— CLASSmOATTON  OF  METALa 

A  ctiisfiificatioti  of  the  metftls  according  to  Iheir  equivalence  or  atomicity 
I  gWen  in  the  table  on  p.  2*36.  ench  of  (he  classies  thua  formed  bcin^  tlivided 
lifo  groups,  the  individual  members  of  whieh  possess  oerltiiii  physic&l  or 
khettitcal  characters  in  eomcuion. 

Clam  I.  ^ — Monad  Mftah.  —  1,  Among  these  metals  potassium,  $o^\um^ 
iittiii,  rubidium  J  and  lithium  are  call  id  aikttii-mrrtiU.  Tbey  arc  soft,  easily 
Hisible,  Tobiliie  at  hig!j**r  temperatures;  combine  very  energetically  witli 
fcygen;  decompose  water  at  all  ifuiperaturea ;  and  form  strongly  ba!*ic 
tides,  which  are  very  soluhlo  in  water,  yielding  powerfully  caustic  and 
Akaline  hyilrates,  from  which  the  water  cannot  he  csEpeUcd  by  heat*  Their 
irbonates  are  soluble  in  water,  and  each  metal  forms  only  one  chloride. 
the  hyporhetiyal  motal  ammftnium,  NH^  ^p.  }il8),  is  usually  added  io  the  list 
*  alkali-niet^Is,  on  account  of  the  general  similarity  of  its  compounds  to 
liose  of  potassium  And  sodium. 

2.  SUvfT  differs  greatly  from  I  be  alkali-metals  io  its  physical  and  most  of 
chemical  properties*  but  it  is  related  to   them  by  the  isomorphism  of 

oiue  of  it5  compounds  with  the  corrcspondinp  compounds  of  (ho^ie  metab; 
bus  it  forms  an  ulum^  aimilar  in  form  and  composition  to  ordinary  potash 
ilum. 

Class  TI. —  Thfad  MfiaU,  —  1.  The  three  metals,  barium^  sfrcmtium,  and 
tMum,  form  oxides  callefi  nikalins  mr//w,  less  soluble  in  water  than  the  truo 
IkttUes,  but  exhibiting  similar  taste,  causticity,  and  action  on  vegetable 
Dlora«  The  metals  of  this  group  form  but  one  chloride,  e.ff.  BaClj;  their 
urbonates  are  insoluble  in  water.  »nd  barium  sulphate  is  also  insoluble; 
Itrontium  and  calcium  Buljdiates  sliglitly  soluble. 

t!.  The  metals  of  the  next  grouj^  viz.  y/uroium,  thorinum^  yttrium^  rrhtum, 
bfiMrinurii,  and  didifmiiHH,  form  oxides  called  earthM,  wlucb  are  insoluble  in 
rat<?r,  and  cannot  bo  rtnloced  Io  the  mciallio  slate  by  hydrogen  or  carbon; 
heir  carbonates  are  insniuhle  in  w*ater,  their  sulphates  soluble.  Thesis 
lietals  also  form  but  one  chloride,  vist,  n  dichloride.    They  are  all  very  rare, 

3.  Mfv/nrtium,  linf:^  and  ntJmium  resemble  one  another  in  being  volatile  at 
iigh  temperatures,  and  buruing  when  heated  in  the  air;  they  decoui pose 
rater  at  high  temperatures*  eliminate  hydrogen  from  dilute  acids,  and  form 

Wily  one  oxide  and  one  chloride,  e.f/,  ZnO  anil  ZidUj,  MaJ^H*^Jum  was  ft*r- 
merly  elassed  as  an  enrih-inetal,  but  it  hears  a  niucli  closer  analogy  to  linc. 

4.  Merrnrtf  and  rnpp^r  each  form  two  ohlrtridfs  and  two  oxides:  mercury, 
or  example,  Tortus  ihe  two  chlfirid*s,  Hgi'l^  aiiii  lltf^tl^,  and  the  two  oxides, 
lg<}  and  Hg.O.     Mcrcurous  chloride  (calomel)  is  represented  by  the  for- 

Hg-Ol  Hg 

hula     I  ,  and  the  corresponding  oxide  by    [  >0.     The  copper  com- 

ng-<;i  .  lig 

L'poiitids  arc  sindlarly  constitutid.  These  meials  do  not  decompose  water  at 
»ny  temperature;  they  are  oxidized  by  nitric  and  by  strong  sulphuric  acid. 
Tht^  oxides  of  mercury  arc  reiluced  to  the  metallic  state  by  heat  alone; 
hose  of  copper,  by  ignition  with  hydrogen  or  charcoal. 

Class  TIL — Trind  Mei,fU. — The  only  two  metals  belonging  to  this  class 
fure   ihnHium  and   tjnid      Each  uf  them  fornif«  a  uionochloride  and  a  triohbi- 
ride,  also  corrcaponditig  oxides,  t.y.  gold  ohbridcs,  AuCl  and  Aut^l^;  QitvAfc*, 
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rn.A«K-ynr.A^'nny   or  mwrr^'lJR 


tiini  ilt:  rT'w-vmuv»9uum.  oar  xx  tvviwc  ^1 

v«*v  ^'iuiit  «»f<ipK»  wtu  tXH  alJcal*<«ieiB^.  luiMiiii^.  for  i 

ii»uiifi»n>iiuw  r-iiL  Timnijnt  ihiuml  utmL.  mmL  jma 

fWttltillL  li  lilt  1fllOBpUII«»  tf.   vaduxB. 

r  Law   rr.  —  Tfrrac   Mftau. — 1      J 
ii.  tilt  meiuUic  m«it,.  sue  .  Ljjjubiinp 


yiathiniL  ■lit   Twlimdnzn   iam.   dt^uciiwF  snc 


dirtlut^rm.    ft  "i-KTUCll'in-iti*. 


3*i7_  I*t7^  2*i(j.  IICju 


miL  BX  2iii«?iii«aBnc 


emMBETc  cuioridt..  Iz.Cl 


ut  repirtiefl  ttf  fti  {ruiqtuiiiLL  of  iitt  oiitflr  twl.  or  ■»  rauixxxiiiM:  i 

ttrt  ffmnuift  iLntxicExixmL  anc  onnnm.  -TiaciL  ddDciils  j 

flUitr.iiic  IT  "jmw  Iff  i^'idnxxL  -  ^ndiniL  tmV  «  didiifrndfc.  Xi*C^  «b»I  a  trf- 
viiiii^ibt.  Ki-Z^f  JLI  :.iiv^  nwmi*  inm.  osader  iauLliipnnf>  tol  Rinij<inli« 
IV  :ii«ir  tTiiiiiriuv^  *  j:.  1— ';.2v.';;^  ^''i  """^  lifc*"»Tw  luptic  iaa&c&.  laaijiui 
tiuC:  f*tiifdiixir  icmm^pT^jf-^ide^t.  Ir*'^  uil  llbr^  mc  iiiiiumiii  Biifl  iiiliiiiimB 
Itimtiiif  *«<*in'::iu««.  \w'.\  teat  l^i\:  -viHrnrt  x  im|!te  ^  'iiiTi  i  mi  ikat 
irJfiiiUL  iLTiC  nufdiniL  br«-  iif^ML  nsnuuxL  uic  rmiiMiiniL  mstadf ;  In  tkcre 
ttvY  iif*  tfiuft^idet  tHrr-etqiinidnxf  nr  tiicr  iaD&e&.  snd.  «f  iJii  aflj  ■dhaefrvA 
|-  1!^-  ^  oiit  inirBunrrr  iif  vz  cjfauac  cnxnic  tir  iiifeLJvfl  froK  liic  onBfiMi- 
-Jilt  of  iw  f >£jd«E.  iKit  nmiJiF  ei?  iJit  TtadnixiL  prmg-  sav  aic  mcaciA  «f«iB  Vf 
ur-rit  fcTJt.  ^nn  iuTt  i^r  ctJirTirt  ir  nTsnmnziidr  fcrifl    ^14  tkr  f!xnf«i«B 

•<!>rtT.  ikTii  xirtrm:'7.  vjii-i.  ij-tw-jw  *iLIi*r.  "jla  Jitfc-iumizanxiM  c^iATMSeTy 

1.    ftn  kilt  rrrntuji.  trt  cji»t**'-7  rfiu:«»L  "si  y3rginr,  f»f^  5fnn3tf  s  TalAnlc 
iwrrn^i: iwia«  :  ia-nj»'7.  (Ctxxir  ri."r<r36*.  ^"^^  ia»t  rrtiar  camera Acl  TiO^ 

\i>t  t5ff*v.»uf  wnrj«:iraifif-  fx  ▼i  >rt    i  »  ijcurtanZTr  ltCi-Iijc^i.  1*1  reallj 
ctL»crj  ▼».'.«£.  litt  kluZL-lJuL 

iu*''.«s:   vf  /•*«'«.:#;-v.'"'»'.fc*frr.  P^»  CJ?,  ^:    i-i".  ir  n-ir?*:  lu  ;■»  MaLf«<>-c»i«  it  is 
b'T  *>!--..   f'.-raiir    '.-^J   :*«    rii:r.it>  1"^?%.  "v-tj.   rrrrwi-iOiia^  iodide, 

irj-.i  »  Ivvtr  txlat.  Fl./».  *id  liren  iift*r  <jaa»L  rr^V  ^^V  *»^  PbO- 

tr  •.£.*  ^frttriz^  ^.'Jl-^^rJ-.r  f.i  ;;*  cil-r-rjie,  vii:i.  if  fc«cifciA;«d  tj  kjdro- 

it  tuf*rrr*iA  %o  h^  tetnizc  fr^-  ::*  «x%I%4^  '.:  :r«  ii  Tit  ferric  conpocnds, 
>/•;•.  i*.  f'/fiL*  otir  ote  <rl***  :f  $aIi»  is  '«Jti:i  i"  :*  A;f*krea:!j  ir:T»Ient.  the 

A:«r,  0=aV 

eLI'/rt'l*  1>«iDg  AI.C^  =  .  *si  :i.e  o-xii-e  "^X      Alamimiiun  and 

AlC!,  0=A. 

tir^on'mm  btlonf  to  the  c!aM  of  earth-aefiAl««  a&i  viZ  be  described  ia  eon- 
«»*^  'yfi  with  tb<rni. 

•'/.  Tf#«r  /r'/n  yr^-u/»  comprise?  tr«.  ■wj^w-f*?.  ^.•.*^*^  isWifilL  MMi«ini«  <vrfinn, 

and  tn/hun.     The  atomicitv  of  ihe<e  B-^al^  h*5  ainMi.iT  been  discussed. 

MaM^^A^jK  forma  a  chJi^ride  of  «omevkaK  d«acifu«  tr  >aL|sv^:tion.  in  which  it 

MM  mppM  retail  J  t^ptiTMleut ;  but  the  re«4  da  aio&  facm  «ax  cvaaYonaxi-da  ^ith 
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^odimI  elements  in  wbieb  they  exhibit  an  cquiTalGnt  value  greater  ttian  4, 
Mi  tbosc  metals <tlecoiii|itidD  water  at  bigb  tfuipemture^i.  ]\';fkH  aurl  tabaU 
re  xnagnetjCf  like  iron,  and  tbcir  Halts  are  iaomorpbous  witb  thi.'  oor- 
esponding  iron  compoundji.  indium  in  a*v^ry  rare  ijieial,  wbicb  haa  beea 
lit  imperfectly  examinedf  but  it,  probably  belongs  to  ibe  eiaaie  group. 

Clai$a  V. — Prnlttd  MdnU.  —  1.  Aratnic  and  antimom/  form  trlcbloridcs  and 
pentacblondcs  aniilogous  to  those  of  phosphorus^  also  tbc  corre^tponding 
Lidea.     Bttmutk   forma  a  valatile    Lricliloride,    aud  a  dichloride,    Bi,Cl^» 


BiClj 


Vanadium  was  formerljr  supposed  to  belong  to  the  tungsten 


roup,  but  it  has  lately  been  shown  to  be  a  pi^ntad.      Its  cbloridcs  are  not 

nowu,  but  it  forms  an  oxycbloride,  VOiJ]^^,  aimlogoua  to  phosphorus  oxjr- 
iblortdo  ;  al*o  the  oxides,  V'/>,  and  V/^j,  niialopoua  to  those  of  phoHphorus 
|iid  arsenic,  the  latter  yielding  a  serieH  of  sails*  the  Tiina*Lutc8,  iaamorphous 

ritb  the  phosphftles  and  arsenates  of  corresponding  composition. 

2.    T'tnfaium  and  niobium^  formerly  regarded  an  tetrads,  hava  lately  been 
Bhown  by  Marignac  to  form  penbiolilt»ride^  and  pentoxides.     The  oxides  of 

Ike  pentad  metals  are,  for  tbe  mo^t  part^  of  acid  eharucter. 

Class  VL — Ut^ad  Met'th.  —  1.  Chromium  forms  a  bextluoride*  CrF^  and 
k  corresponding  oxide,  CrOj.  It  Ukowise  forms  two  s^erivs  of  compoundei, 
I  wbicb  it  exhibits  lower  degrees  of  equivalence,  \\t.,  tbe  chromic  com- 
ouiids  analogous  to  the  ferric  compounds,  in  which  it  is  apparently  iri- 

Cr^^^  CI, 

dent,  but  really  quadriTaleni ;  f.y.»  chromic  chloride,  CrXlg  or    |  , 

Cr^''  CI, 
Dd  the  chromouB  compounds,  analogous  to  tbc  ferrous  compounds,  in  wbloli 
i  18  bivalent,  e,ff.,  Ct^^C\^  Cr'^). 

2,  Tim'jstrn  forms  a  hexrhloride,  WCl^.  and  the  corresponding  oxide, 
fO,.  Jfott/btirnum  is  not  known  to  form  a  chloride  higher  ihan  MoCl^,  but 
'?  trioxide,  Mo**j,  is  known;  and  from  the  general  similarily  of  the  iiing- 
en  and  molybdenum  compounds^  the  latter  metal  is  inferred  to  the  bexadio. 

!  metals  of  the  alkalies  imd  alkaline  earths,  on  account  of  theJr  inferior 
ectfic  gravity,  arc  often  called  lif^ht  metals  ;  the  others,  htavfj  metalt. 


Xetallio  Chlorides.  —  All  metals  combine  witb  cblorine,  and  most  of  them 
I  several  t>roporiions,  as  above  indicated,  forming  compounds  which  may 
regarded  as  derived  from  one  or  more  molecules  of  hydrochloric  acid, 
by  substiiuiion  of  a  metal  for  an  equivalent  {[uuntity  of  hydrogen;  thus: 

From  nCl     are  derived  monochloridea  like  KCl 
"      H,C1,  **  dichloridea  **     Ba^'Cl, 

*«      H/'»j  **  trichlorides         **     AuCl, 

"      U/'l^  "  tetrneblorides    '*     Sn^'Cl^,  &c.  &fl, 

flydroebloric  acid  may,  in  fact,  bo  regarded  as  the  (t/pe  of  chlorides  in 
general. 

Several  chlorides  occur  as  natural  products.     Sodium  chloride,  or  com- 
mon salt,  occurs  in  enormous  quanlities,  both  in  the  solid  state  as  rock-salt, 
and  dissclved  in  sea-water,  and  in  the  water  of  rivers  aud  s\tv\u^"A.     V^- 
la^sium  chloride  occurs  in  the  same  forms^  but   in  t^umW-t  v\\va.wuv^  %  \\\<a 
aklttrides  Qf  lithium^  ewsium,  rubidium,  and  iballiviUL  a\ao  osiftMt  vu  «i&v^ 
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qunntitiea  in  oeruiti  spring  waters.     Mercuroua  cblande,  HgjCl,,  and  silTor 
L'liloritliN  AgOl,  occur  as  natural  miuer&lH.  • 

1.  iUilorides  are  generally  prepared  by  ono  or  otlier  of  (be  following 
proce«»c8:  1.  Cy  acUng  upon  Ihe  nietal  with  olilorine  gas.  Aiuintuiiy  ptMi- 
tacUloride  and  copper  liicbloriiJi'!  are  cxumploH  of  ciiloridce  tiotiictiiDcs  pro- 
duced ill  this  manner,  Tbe  clilorides  of  guld  aud  plalinum  are  usimllj  pre- 
pared by  acting  upoo  the  tuctnla  with  uasceut  chlorine^  developed  by  hytiro- 
cbluric  ntid  mine  Hc\d».  8oaii*lJiui^8,  on  tUe  olher  bund,  the  metal  is  in  a 
uascent  Htate,  as  wheo  titanic  chloride  is  formed  by  pas^jting  a  current  of 
chlorine  over  a  heated  mixture  of  charcoal  and  litanic  oxide.  The  chlo- 
rides of  aluminium  and  cbi*omium  may  be  olitjiitied  by  gimihir  proce»,se8. 

2.  l^hloriiie  gaj*,  by  its  action  upon  metallic  oxiilcs^  drives  out  the  oxygen, 
and  unites  with  the  riJBpective  metnb  to  form  clilorides.  This  rcHctiou 
sometimes  takea  place  at  ordinary  temperatures,  as  is  tbe  case  with  silver 
oxide:  sometimeH  only  at  a  red  beat,  as  i^  tbe  case  with  the  oxides  of  tbe 
alkalies  and  alkaline  carlti-melals.  The  hydrates  and  carbonatea  of  these 
laat  melab,  when  dJasolved  or  sunpended  it)  boi  water  and  treated  with  ex- 
ceita  of  clilorinCf  are  converted^  ebielly  into  chlorides,  partly  into  chlorates. 

8.  Many  metallic  chlorides  arc  prepared  by  acting  upon  I  be  metab  with 
liydrnchlortc  acid.  Zinc,  cadmiiim.  iron,  nickel,  cobalt,  and  tin  dissolve 
readiiy  in  hy'drochloric  acid,  witb  liberation  of  bydroften  ;  copper  only  in 
the  strong  boiling  acid;  silver,  mercury,  palladium,  platinum,  and  gold, 
not  at  all.  Sometimes  the  metal  is  subi<tilutLd,  not  for  hydrogen,  but  for 
fiome  other  metal.  Stannous  chloride,  for  instance,  is  frequently  made  by 
dii*tilling  metallic  tin  with  mercuric  chloride;  thus;  2HgClj-j-Sn,  =  2SuClj 

+  "Pr 

4.  By  dissolving  a  metallic  oxide,  hydrate^  or  carbonate  in  bydroohlona 
acid. 

All  mnnochlorides  aud  dichlorides  are  aolublc  in  water,  excepting  silver 
chluride,  Agt/I,  and  niercuroua  chloride,  Hg/U^j  lead  chloride,  PbCI^  is 
sparingly  soluble;  these  three  cblorides  arc  easily  formed  by  precipitation. 
Many  metallic  chlorides  diKsolve  also  in  alcohol  and  in  ether. 

Most  motioeblorides,  dichlorides,  and  trichlorides  volatiliie  at  high  tcm- 
perntnres  without  decomposition:  the  higher  chlorides,  when  heated,  give 
oil' part  of  their  chlorine.  Some  chlorides  which  resist  the  action  of  heat 
nlonc  are  decomposc-d  by  ignition  in  the  air,  yielding  metallic  oxides  and 
free  chlorine:  this  is  the  cntte  with  the  dkhlorides  of  iron  and  manganese i 
but  mo8l  dichlorides  remain  iiodeoomposed,  even  in  ihh  case.  All  metallic 
chlorides,  excepting  those  of  the  alkali-metals  and  earth-metals,  are  de- 
composed at  a  red  heat  by  hydrogen  gas,  with  formation  of  hydrochloric 
acid:  in  this  wa3%  metallte  iron  may  be  obtained  in  fine  cubical  crystals. 
Silver  chloride  placed  in  contact  with  metallic  jtincor  iron,  under  dilute  lul- 
pbnric  or  hydrochloric  acid,  is  reduced  to  tbe  metallic  etaic  by  the  ttnsceiit 
hydrogen. 

Sulphuric,  phosphoric,  boric,  and  arsenic  acids  decompoac  most  metallic 
chloriiles,  somelinies  at  ordinary,  sometimes  at  higher  temperatures.  All 
metallic  chlorides,  heated  with  lead  dioxide  or  manganese  dioxide  and  sul- 
pburic  acid,  give  off  chlorine,  e.  ^, : 

2NaCl   +   TkInO,   4-   aSO^n,   =    SO^Na^  4^   SO^Mn   -f  20H,  +  Cl^ 

chlorldu.         dlDKlrti*.  ».  id.  tatpLal^.  iiitphatc 


* 
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Bvliitinotts  chloride  nr«  decomposed  in  a  similftr  luaoticr.  All  solublo  chlo- 
Bridea  give  with  solulioii  tif  Silver  nitrate^  a  white  preeipitate  of  siher  oUIo* 
vide,  easily  soluble  in  tinmjuntJi,  insutublc  in  nitric  ucid.  With  mrmiroia 
^titrate^  they  yivld  u  while  cwrdy  precipitate  of  mercuroua  rhloritlo,  bluck* 
^bned  by  AUiMiouiii;  and  with  httd'saltn^  not  too  dilute,  a  white  cryBtallluo 
■Akiecipitate  of  lead  chloride,  soluble  in  excess  of  wtticr. 

V  Metallic  chlorides  unite  with  each  other  and  with  the  chlorides  of  !he 
^mou-meinllic  elementiit.  forming  Huch  eompoimcb  titf  piiluef^Hium  olilori»iiien:u~ 
Brate,  2KirLHgCl^  sodium  chloroplntiuute,  l!NaChPtCI^,  pulassium  chlorio- 
Hiatc,  KCijn,,  kc  Metallic  chlorides  combine  in  definite  proporiions  with 
^kmmonia  ind  organic  basea  ;  the  chloridefi  of  plaliiiitm  form  with  iimmonia 
Khe  compound'*  2Nlla  Ptil,,  lNH,.PtCl,,  L*NHs  PtCl^.  and  4Mf3J**Cl^;  mer- 
Hpuric  cliloiide  form-^  with  aniline  the  compouri-l  !i('jll,NJIgrL.  Jkc. 

B  Chlorides  al«o  unite  with  oxides  nod  Hulptndes,  }ormin|r  ftxt/fft  tor  teles  and 
^miyKuiphidt^x,  which  may  be  regarded  as  chlorides  having  part  of  their  chlo* 
Brine  replaced  by  anequlTalent  quantity  of  oxygen  or  sulphur  ((^  by  O  or  S). 
KBi^^uuitli,  for  example,  formg  au  oxychloridc  having  the  composition  lii'^-'ClO 
B»r  Bi(;i,.Bi/V 

W  Bromidei.  —  Bromine  unites  direelly  with  moat  metals,  forming  com- 
n^ounds  analogous  in  composition  to  the  chloride^*,  and  rcHembling  ibem  in 
Kiiost  of  their  properties.  The  hromideH  of  the  tilknli-metak  occur  in  Bea- 
Virater  and  in  lutiny  aaltne  springs;  silver  broiiiido  occurs  as  a  natural 
KinincritU  Nearly  all  bromides  are  »oluble  in  water,  and  may  be  formed  by 
Btreating  an  oxide,  hydrate,  or  carbonate,  with  hydrohromic  acid,  the  boIu- 
Kliona  when  evaporated  giving  off  water  for  the  most  part»  and  leaving  a 
Vbolid  metallic  bromide ;  some  of  them,  however,  namely,  the  bromides  of 
^niagncdium^  alumiuiuiu,  and  the  other  earth-melaUf  are  more  or  leas 
^wecomposed  by  evaporution,  giving  off  hydrobrouiic  acid,  and  leaving  a 
Bbixturc  of  metallic  bromide  and  oxide.  Silver  bromide  and  mcrcnroys 
Bhromide  are  inftoluble  in  water,  and  lead  bromide  is  very  sparingly  soluble; 
■|he»e  arc  obtained  by  precipitatioti. 

V  Metallic  bromides  are  aolid  at  ordinary  tcmperatureif;  most  of  them  fuse 
^^t  a  moderate  hi'nt,  and  volali!ir.G  at  higher  temperatures.  The  bromides 
Httf  gold  and  platinum  are  decomposed  by  mere  exposure  to  heat;  many 
Bribers  give  up  tbetr  bromine  when  healed  in  ooniaet  with  the  air,  Chlo- 
mrwtf,  with  the  aid  of  heat,  drives  out  the  bromine  and  eouvertfl  them  itito 
Bphlorideg,  Hydrochloric  acid  also  decomposes  I  hem  at  a  red  heat,  giving  off 
^^ydrobroniic  acid,  Htrong  gnljthuric  or  nitric  add  tleconi poses  them,  with 
Rrvobttion  of  hydkobromic  acid,  which,  if  the  sulpboric  or  nitric  acid  is  con- 
Vfeenf rated  and  in  cxcesn,  is  partly  deeuiupoHed,  with  separation  of  bromine 
Band  formation  of  fiulphurouH  ox:ide  or  niirogen  dioxide.  Bromides  heated 
Virith  tulphuric  acid  and  manganeic  diox^itU  or  putassium  chroniaU,  give  off  free 
■bromine. 

f  Bromides  in  solution  are  easily  decompnaed  by  cblorine,  either  in  the 
form  of  gas  or  dissolved  in  water,  the  liquid  acquiring  a  red  or  reddiah- 
yeUow  color,  according  to  the  quantity  of  bromine  present;  and  rm  agitai' 
ing  the  liquid  with  ether,  that  lii|uid  dlBaolvea  the  hromino,  forming  a.  red 
solution,  w^bich  rises  to  the  surface. 

Soluble  bromides  give  with  titcer  nitraU  a  white  precipitate  of  silver 
bromide,  greatly  resembling  the  chloride,  but  much  les«  soluble  in  am- 
monia, insoluble  in  hot  nitric  acid,  J/<rrwro«4  nitrdtfi  produces  a  yellowish- 
white  precipitate;  and  lead  acetaiet  tk  whitQ  precipitate  much  leaj  soluble 
in  water  than  the  chloride.  Palladium  nitrair  produces  in  ftol\iUv^tv%  ol 
bromides  not  containing  chlorine,  a  black  pvccVpUaie  «»t  \jt^Vi\vW.  Vt^.* 
Udiam  chloride  produces  no  precipitate  j  noiiUur  dwa  Viift  w.VTiaX^<»  v^ 
soluble  ohJoridea  jre  preaeaU 
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Bromides  tinhe  with  each  other  m  the  sniiie  mMmer  mm  chlorides;  also 
wilU  cjxide^f  tu1|»bido:<),  and  oiiumonia. 

Iodid«t  — ^ These  compounds  nre  ol)t4i.ined  hj  pTOCa^se^  BlmllaT  to  tbfu^i^e 
wbicli  ^icld  tbu  ehloridt's  mul  bromides*  Mhhj  meUlii  uiiile  direcily  with 
iodine.  Potussium  and  sodium  iodidi's  exist  iu  eeu-water  aud  in  many  9aU 
gpiiiigs;  Milver  iodi<le  occurs  as  »  natiiriLl  mitieral. 

Mfiiillic  iodides  are  atmlogous  to  the  hroniides  and  clilorides  in  compo- 
silion  und  i>roperlie8.  But  few  of  them  are  decomposed  by  heat  alone; 
th«  iodides  of  gold,  silver,  platiaum^  and  palladitim,  lioweTer,  give  up  tlieir 
iodine  when  heated. 

Most  metallic  iodides  are  perfectly  soliiMe  in  water;  bnt  lead  Iodide  la 
Tery  slightly  soluble,  and  the  iodides  ol'  mercury  and  silver  are  quite  in- 
soluble. 

Bolutions  of  iodides  evaporated  out  of  contact  of  air,  generally  leave 
anhydrous  merallic  iodides,  which  partly  separate  in  the  crystalline  form 
beforo  the  water  m  wholly  driven  off.  The  iodides  of  the  earth-metals, 
however,  arc  resolved,  on  evaporation,  into  the  earthy  oxides  and  hydri- 
odio  acid^  which  escnpfs,  A  very  small  ijManlily  of  ehtorirte  colors  the 
solution  yellow  or  brown,  by  parlial  decompo^itioa ;  and  a  somewhat 
larger  quantity  takes  up  the  whole  of  the  ineml,  forming  a  chlonde,  and 
separates  the  iodine,  which  then  gives  a  blue  color  with  starch;  a  still 
larger  quantity  of  chlorine  gives  the  liquid  a  psiler  color,  and  converts  the 
separated  iodine  into  (ritddoride  of  iodine,  which  does  not  give  a  blue 
color  with  starch,  and  frequently  enters  into  eombitiation  with  the  metallic 
chloride  produced.  Strong  mlphttne  acid  and  Bomeulmi  concentraled  nttrie 
4tdii  color  the  soluiion  yellow  or  brown  ;  and  if  ihe  quantity  of  Ihe  iodide 
is  large,  and  the  golution  much  concentrated  or  healed,  they  liberate  iodine^ 
which  partly  escapes  in  violet  vapors,  Starch  mixed  with  the  solution, 
even  if  it  be  very  dilute,  is  turned  blue  —  permanenily,  when  the  decum- 
position  is  effected  by  sulphuric  acid;  for  a  lime  only  when  it  is  effected 
by  nitric  acid,  especially  if  that  acid  be  added  in  large  quantity. 

The  aqueous  solution  of  an  iodide  gives  a  brown  precipitate  with  salts 
of  hiamnth;  onmge-yellow  with  leail-salts:  dirty-white  with  cuprous  sails, 
and  uIko  with  cvpric  salts,  especially  on  the  addition  of  jutlphnrous  acid; 
greenish-yellow  with  mercuroiui  salts;  scarlet  with  wn^n/rr>  salts;  yellowi«th- 
whitc  With  *iit*fr  Baltn;  lemon-yellow  with  tf old  Baits*  brown  with  platinic 
fsults  — first,  however,  turning  the  liquid  dark  brown-red;  and  black  with 
salts  of  palfudium^  even  when  extremely  dilute.  All  these  precipitates 
consist  of  metallic  iodiiles,  many  of  them  soluble  in  excess  of  the  soluble 
iodide:  the  silver  precipitate  is  insoluble  in  nitric  acid  and  very  Ultlc  «oU 
uble  in  ammonia- 
Metallic  iodides  unite  with  one  another,  forming  double  iodides,  analogous 
to  the  double  chlorides;  they  alpo  absorb  ammonia  gas  in  definite  propor- 
tions. Some  of  them,  as  those  of  antimony  iind  tellurium,  unite  with  the 
oxides  of  the  corresponding  metals,  forming  oxyiodides, 

Flaoridea. — These  compounds  are  formed:  L  By  heating  hydrofluoric 
acid  with  certain  metala,  ^2.  By  the  action  of  ihat  acid  on  mctiillic  ox* 
ides. — 3.  iiy  heating  electro-negative  metals  —  antimony,  for  example  — 
with  Jluoridc  of  lead  or  fluoride  of  mercury.  —  4,  Volatile  metallic  fiuortdea 
mny  be  prepured  by  heating  fluor-spar  with  sulphuric  acid  and  the  oxido 
ot   the  mi-tal. 

Fluorides  have  no  metnliic  lustre:  mosi  of  them  are  easily  fusible,  autl 

for  the  moi*t  part   resemble   the  chlorides.     They  are   not  deco  in  potted  by 

igtiitioii,  cither  aUnm  or  wlien  mixed  with  cbiii-couL    When  igniteil  in  cuntaot 

fritji  the  AiTp  in  a  Jiame  whicb  coiilWm«  «w\ueou.s  ms-v^t,  ia«.ay  of  them  are 

converted  iuto  oxide  a  f  while  the  ^uorine  w  <»\^«ix<>^  ^t  \i^ii,*<>^wit:vi  ^«i^. 
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Alt  fluorides  are  decomposed  by  chlorine  and  cnoverted  into  chlorides, 
'f  h«y  iin*  ti*it  decompmsed  hy  phosphorif  ortde^  unless  Bilica  is  prL»«cnt.  They 
are  decomposed  at  a  genile  betit  hy  strong  suipfmric  actd,  with  formation  of 

metfblliti  sulphate  aod  evolution  i)f  hydrotiiiorie  actiL 

The  fluorides  of  tin  and  silver  «re  easily  soluble  in  water;  thost*  of  po- 
tassium, sodium,  iitid  iron  nre  aparing^Iy  8olubte ;  tho«^e  of  (Strontium  and 
eadnimni  very  Hlightly  goliible.  and  (he  rest  insolubie.  The  solutions  of 
amuioniuui,  potas^ium^  nnd  Bodium  t^uoride  ha\e.  tin  alkaline  reai^tion.  The 
ftqueou.^  ^olutiona  of  fluorides  corrode  gUi:iS  ves««la  iu  which  they  are  tcpl 
or  evaporated.  They  form  with  soluble  cuifium-xalts  a  precipitate  of  Cftl- 
ciuui  Auoride,  in  tke  form  of  ft  traiiiiparent  jelly,  which  is  scarcely  vitnible, 

caiLSO  it»  refractive  power  i»  nearly  the  same  as  that  of  [he  liquid;   (he 

diiion  of  ammonia  inak«fl  it  plainer.  This  precipitiite,  if  it  doi<s  not 
contain  silica,  diasolveji  with  difficulty  in  hydrochloric  or  nitric  acid,  mid 
is  re-precipitated  by  ammonia.  The  aqueoiis  tSluoridea  give  a  puiverulent 
precipitate  witb  lead  acetate. 

The  fluoridt'S  of  autimony,  arsenic^  chromium,  mercury*  niobium^  os- 
mium, taut  alum,  tin,  titanium,  tungsten,  and  line,  are  volatile  without 
decomposition. 

Fluorine  has  a  great  tendency  to  form  double  aalts,  consisting  of  a  fluo- 
ride of  a  basic  or  posiilive  metal  united  with  the  fluoride  of  hydrageu, 
borou,  silicODf  tin,  titanium,  zirconium,  &c.,  e.ff.: 

Potaf*?ium  hydrufluorido  .         .         ,    KHP,     ^  KF.IIF. 
Potassium  b<>rofluf>ride     .         .         ,         KBP4     ^=  KP.BF,. 

Potassium  silicofluoride  .         ,         *     K^SiF,   =  :iKF.SiF^, 
Potassium  tititnufluoride  ,         .         .         IVjTiF^  ==  2KF.TiF^, 

Potassium  stannofluoride  .         .         ,    K,8tiFj  ^  2KF,iSriF^. 
Potassium  lircofluoride    .         .         »         K^ZrF^  =  2KF.ZrF4, 

The  four  clftsscs  of  compounds  just  described,  the  chlorides,  bromidea, 
iodides,  and  fluorides,  form  a  group  often  designated  as  hnlvid  eompound^f  or 
kaiM*  9alt$,  from  their  analogy  to  sodiuui  chloride  or  sea-?alt,  which  may 
be  regarded  as  a  type  of  them  all.  The  elements,  chloritie^  bromine,  iodine, 
and  fluorine,  are  called  halogens, 

Cyanidei.  —  Closely  related  to  these  haloid  compounds  are  the  cynnidea, 
formed  hy  tlie  onion  of  metals  with  the  group  VS,  cyiruogen,  which  is  a 
monatomic  radical  derived  from  the  saturated  luokHiule,  (_'>*N'"'^H  (bydrocy- 
anic  acid),  by  abstraction  of  H. ;  in  short,  the  cyanides  may  be  rvgurded  as 
chlorides  having  the  clement  t!l  replace^d  hy  tbc  conipyimd  radical  (?N, 

Some  metats  —  potassium  iimongthenumher  —  are  converted  into  cyanidea 
by  heating  them  tn  oyftuogen  ga»  or  vapor  of  hydrocyanic  acid.  The  cya* 
nides  of  the  alkali-me^talH;  iirc  nbo  formed  (together  with  cyanates)  by  paiss* 
iftf  cyanogen  gas  over  the  healed  hyilrates  or  carbonates  of  the  same  metals; 
potassium  cyaniile  also,  by  passinjp;  nitrogen  gas  over  a  mixture  of  charcoal 
and  hydrate  or  carbonate  of  potJisHtiiin  at  a  bright -red  heat.  Cyanides  are 
formed  abundantly  wben  nitrogenou,'*  organic  compounds  are  heated  with 
fixed  alkali.     Other  modes  of  formfttion  will  he  ment toned  hcreiil'ter. 

The  cyanides  of  the  alkali-metals  and  of  barium,  strontium,  calcium,  mag- 
nesium, and  mercury,  are  soluble  in  water,  and  may  be  produced  by  treat- 
ing the  corresponding  oxides  or  hydrates  with  hydrocyanic  acid.  Nearly 
alt  other  metallic  cyanides  are  insoluble,  and  are  uhtained  hy  precipitation 
from  the  soluble  cyanides. 

The  cyanides  of  the  alkali-meiaU  sustain  a  red  heat  without  deeem^f^* 

Eti«  provided  air  luid  moisture  be  excluded.     The  oyumde^  ot  m«.u^  ^t,  VVl^ 
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heavy  metala,  as  lead,  iron,  cobalt,  nickel,  and  copper,  under  these  eiream- 
Btauces,  give  off  uU  their  nitrogen  as  gas,  and  leave  a  metallic  carbonate; 
mercuric  cyanide  is  resolved  into  mercury  and  cyanogen  gaa;  silver  cyanide 
gives  off  half  its  cyanogen  as  gas.  Most  cyanides,  when  heated  with  dilute 
acids,  give  off  their  cyanogen  as  hydrocyanic  acid. 

Cyanides  have  a  strong  tendency  to  unite  with  one  another,  fonning 
double  cyanide*.  The  most  important  of  these  are  the  double  cyanides  of 
iron  and  potassium,  namely,  ^o/oMio-/«rroiw  cyanide  Fe^^K^cCN)^.  commonly 
called  yellow  prussiate  of  potash;  trnd potatao-fenie  eyantdty  F«^^^Kg(CN k«i 
commonly  called  red  prussiate  of  potash.  Both  these  are  splendidly  crys- 
talline salts,  which  dissolve  easily  in  water,  and  form  highly  eharaeteristio 
precipitates  with  many  metallic  salts.  These  salts,  with  the  other  cyanides, 
will  be  more  fully  described  under  ** Organic  Chemistry;"  but  they  are 
mentioned  here,  on  account  of  their  Arequent  use  in  the  qualitatiYe  analysis 
of  metallic  solutions. 

Oxides. — All  metals  combine  with  oxygen,  and  most  of  them  in  seyeral 
proportions.  In  almost  all  cases  oxides  are  formed  corresponding  in  com- 
position to  the  chlorides,  one  atom  of  oxygen  taking  the  place  of  two  atoms 
uf  chlorine.  Many  metals  also  form  oxides  to  which  no  chlorine  analogues 
are  known;  thus,  lead,  which  forms  only  one  chloride,  PbCl,,  forms,  in 
addition  to  the  monoxide,  PbO,  a  dioxide,  PbO^  besides  oxides  of  interme- 
diate composition ;  osmium  also,  the  highest  chloride  of  which  is  08C14, 
forms,  in  addition  to  the  dioxide,  a  trioxido  and  a  tetroxide.  This  arises 
from  the  fact  that  any  number  of  atoms  of  oxygen  or  other  dyad  element 
may  enter  into  a  compound  without  disturbing  the  balance  of  equivalency 
(p.  235). 

Just  as  chlorides  are  derived  by  substitution  from  hydrochloric  acid,  HCl 
(p.  804),  so  likewise  may  oxides  be  derived  from  one  or  more  molecules  of 
water,  11,0 ;  but  as  the  molecule  of  water  contains  two  hydrogen-atoms,  the 
replacement  of  the  hydrogen  may,  as  already  explained  (p.  228),  be  either 
total  or  partial,  the  product  in  the  first  case  being  an  anhydrous  metallic 
oxide,  and  in  the  second  a  hydratcd  oxide  or  hydrate,  in  which  the  oxygen 
is  associated  both  with  hydrogen  and  with  metal ;  in  this  manner  the  fol- 
lowing hydrates  and  anhydrous  oxides  may  be  constituted : 

Type.  ITydratet.  Oxides. 

Bfi    .        .        .     KHO     .         .         .         .     K,0 

Ba^^O 
H4O,       .         .        Ba'^n.O,  •        •        •        Sa»'0, 

Bi'^^HO, 
H,0,  .  .     As'HO,         .        .        .     Sb'^'.Og 

Sn>'H,0,  .        .        .        W^, 
HjO^       .         .         Zr»^il<0<       .        .        .     Os'«"04 

HjoOj Sb^O.. 

It  may  be  observed  that  the  hydrates  of  artiad  metals  contain  the  ele- 
ments of  a  molecule  of  the  corresponding  anhydrous  oxide,  and  of  one  or 
more  molecules  of  water ;  thus : 

Barium  hydrate       ....        Ba'^H^O,  =  Ba''O.H,0 
Stannic  hydrate  ....     Sn^'^HjO,  =  Sn«'0,.HjO 

Zirconium  hydrate  ....         Zr^^H^O^  =  Zr»»0,.2l},0. 

But  the  hydrate  of  a  perissad  metal  contains  in  its  molecule  only  half  the 
number  of  atoms  required  to  make  up  (i  molecule  of  oxide  together  with  a 
molecule  of  water;  thus: 


Potassium  hydrate  .  .     KHO 

Bismuth  hydrate         .         .         .         Bi^'^l 
Araenig  h^drj^te    ....     As^HO, 


=  }  (K,O.H  0. 
Bismuth  hy<lrate        .  .         Bi^'^'HO,  =  I  (Bi^^^.oL.H.O) 

'  "\  ^|(A8^(5..M). 


OXIDES. 

Tbeie  pprissucl  hydrates  cannot,  therefore^  be  correctly  regarded  «8  com- 
piiuntlH  of  iicihydrouH  oxide  artd  wHU*r. 

Muujr  meittlUc  oxides  occixr  ms  naturul  Eniaerals^  and  aome,  eApcoially 
tlioae  of  iroa,  tiUf  Ktid  coppor,  in  l«rgo  qunntlticii,  furming  ores  from  which 
ihe  roetftls  are  extrncted. 

All  ntetalH^  except  gold,  plutiDum^  Iridium,  rhodium^  and  ruihcniiinj,  are 
cupuble  of  uniting  directly  wilh  oxygen.  Suinc,  us  poUs^aiiiiii,  i4oiiiuni,  and 
biirium,  oxidiie  rapidly  on  exposure  to  (be  air  at  unhnary  teiiiperaturen^ 
and  decompoao  water  with  energy.  Most  mcHah.  Jiuwcvur,  when  in  tbo 
mjLflsire  stale,  remain  perfectly  bright  and  unacted  on  in  >Jry  utr  or  oxygen 
gas,  but  oxidise  slowly  when  moisturo  m  pre.*«etii ;  such  is  tbe  case  with 
iron,  lino,  and  lead.  Sonic  of  the  ordinarily  penuiineiit  uiefal^,  when  in  a 
very  finely  divided  state,  as  lead  when  obtained  by  ignition  of  its  lartrate, 
and  iron  reduced  from  its  oxide  by  ignition  in  hvdrocroiQ  gan^  take  fire  and 
oxidize  spontaiK-cni^ly  as  soon  as  they  come  in  contact  with  the  air.  Lead, 
iron,  copper,  and  the  volatile  metals,  arsenic^  nntiinony,  zinc,  cadmium, 
and  oiorcury,  are  ^n verted  into  oxidcj*  when  heated  in  air  or  oxygen. 
Many  metals,  eapeMally  at  a  red  heat,  j*ro  readily  oxidized  by  water  or 
steam.  A  very  general  method  of  preparing  meiallic  ox  idea  Is  lo  subject 
ihe  corresponding  hydrates,  carbonate^.,  nitrates,  i^ulphates,  or  any  oxygen- 
salt?*  eomaining  vohuile  acids,  to  the  action  of  hesit. 

Oxides  are  for  the  moi^t  part  opaque  earthy  bodies,  destitute  of  nietulUo 
lustre.  The  mujarity  of  them  are  fusible;  those  of  lead  and  tiis?mutli  at  m 
low  red  heat;  those  of  copper  and  iron  at  a  white  heal ;  those  of  barium 
and  aliimintum  before  the  oxy-hydrogen  blowpipe;  while  calcium  oxid« 
(lime)  does  not  fuse  at  any  temperalure  to  which  it  baa  yet  been  t^u'ijected. 
Oxides  are,  for  the  moat  part,  much  le.ss  fusible  ihntj  the  unconibined 
meuls.  Osmium  tetroxido,  and  the  trioxidca  of  arsenic  and  antimony, 
are  readily  volatile. 

A  greater  or  less  degree  of  boat  efifects  the  decom position  of  many  me- 
tallie  oxides.  Those  of  gold,  pUtinum,  silver^  and  mercury  are  reduced 
to  Ihe  metAllic  or  rcgitllue  stale  by  an  incipient  red  heat.  Al  a  i^ofiicwhat 
higher  temperature,  the  higher  oxides  of  biLriuiUp  col>alt.  nickel,  and  lead 
are  reduced  to  the  state  of  monoxides;  while  the  tri-meiaPic  tetroxides  of 
ntangane^e  and  iron,  Mn^O^  and  FejO^,  are  produced  by  expomiig  manga- 
nese dioxide,  MnOj,  and  iron  sieat|uioxjde,  Fe^Oj.  respectively  to  a  still 
stronger  heat.  By  gentle  ignition,  ari*ento  pent  oxide  is  reduced  to  the 
iiate  of  trioxide,  and  chromium  trioxide  to  sesquioxide. 

The  superior  oxides  of  the  metals  arc  easily  reduced  lo  a  lower  state  of 
oxidation  by  treatment  with  a  current  of  hydrogen  gns  at  a  more  or  less 
elevated  temperature.  At  a  higher  degree  of  heat,  hydrogen  gas  will  trans- 
form to  the  reguline  s^tate  all  mctiiUic  oxides  except  the  ses(|uioxides  of 
aluminium  and  chromium,  and  the  monoxides  of  manganese,  magnesium, 
barium,  strontium,  calcium,  lithium,  sodium,  and  potassium.  The  temper- 
attire  necessary  to  enable  hydrogen  la  effect  the  decomposition  of  some 
oxides  is  comparatively  low,  Tims  even  metallic  iron  may  be  reduced 
from  its  oxides  by  hydrogen  gas  at  a  heat  considerably  below  redness,  so 
auto  form  an  iron  pyrophorus,  t'arbon,  at  a  red  or  white  beat,  is  a  slid 
more  powerful  deoxidating  agent  than  hydrogen,  and  seems  to  be  capable 
of  oomplctely  reducing  all  metallic  oxides  whatsoever.  The  oxidixable 
metiUii  in  general  not  as  reducing  ageitts. 

Vhlorme  decomposes  all  metallic  oxides,  except  those  of  the  enrtb-itietals, 
converting  them  into  chlorides,  and  expelling  the  iixygen.  With  silver 
oxitle  this  reaction  lakes  phiee  at  ordinary  tempi-m tares;  wiih  the  alkalies 
and  alkeline  earths,  at  a  full  red  heat.  Sulphur,  at  high  (cmpeniiures,  ciiu 
decoiupntic  most  metallic  oxides.  With  many  oxides,  those  of  silver,  nwt- 
cury,  lead,  and  cupper,  for  ine^tance,  JDoialUc  sulphides  ^nd.  ^mX^Wx  <^k»f> 
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ide  are  produced.  With  the  highly  basjlous  oxides,  the  produote  are  me- 
tallic sulphate  and  sulphide.  There  are  some  oxides  upon  which  sulphur 
exerts  no  action.  Of  these  the  principal  are  magnesia,  alumina,  chromiCf 
stannic,  and  titanic  oxides.  By  boiling  sulphur  with  soluble  hydrates, 
mixtures  of  polysulphide  and  hyposulphite  are  produced.  With  the  ex- 
ception of  magnesia,  alumina,  and  chromic  oxide,  most  metallic  oxides  can 
absorb  sulphuretted  hydrogen,  to  form  metallic  sulphide  or  sulph-hydrate, 
and  water. 

Ozy^n*salti,  or  Qzjsalti.  —  It  has  been  already  explained  in  the  chapter 
on  Oxygen  (p.  133),  that  oxides  may  be  diyided  into  three  classes,  add,  net*- 
ir€Uf  and  basic ;  the  first  and  third  being  capable  of  uniting  with  one  another 
in  definite  proportions,  and  forming  compounds  called  taltt.  The  most 
characteristic  of  the  acid  oxides  are  those  of  certain  metalloids,  as  nitrogen, 
sulphur,  and  phosphorus,  which  unite  readily  with  water  or  the  elements 
of  water,  forming  compounds  called  oxygtn-aeidt^  distinguished  by  sour 
taste,  solubility  in  water,  and  the  power  of  reddening  certain  vegetable 
blue  colors.  The  most  characteristic  of  the  basic  oxides,  on  the  other 
hand,  are  those  of  the  alkali-metals  and  alkaline  earth-metals  (p.  271), 
which  likewise  dissoWe  in  water,  but  form  alkaline  solutions,  possessing  m 
an  eminent  degree  the  power  of  nmtralizmg  acids  and  forming  salts  with 
them.  The  same  power  is  exhibited  more  or  less  by  the  monoxides  of  most 
other  metals,  as  zinc,  iron,  copper,  manganese,  &c.,  and  by  the  sesquioxides 
of  aluminium,  iron,  chromium,  and  others.  The  higher  oxides  of  several 
of  these  metals  —  the  trioxide  of  chromium,  for  example  —  exhibit  acid 
characters,  being  capable  of  forming  salts  with  the  more  basic  oxides ;  and 
some  metals,  as  arsenic,  antimony,  niobium,  and  tantalum,  form  only  acid 
oxides. 

In  some  cases  salts  are  formed  by  the  direct  combination  of  an  acid  and 
a  basic  oxide.  Thus,  when  vapor  of  sulphuric  oxide,  SO,,  is  passed  over 
red-hot  barium  oxide,  BaO,  the  two  combine  together  and  form  barium- 
sulphate,  SO,.BaO  or  S04Ba.  Silicic  oxide,  SiO,,  phosphoric  oxide,  P,0(, 
arsenic  oxide,  As^O^,  boric  oxide,  B/),,  and  other  acid  oxides  capable  of 
withstanding  a  high  temperature  without  decomposing  or  volatilizing,  like- 
wise unite  with  basic  oxides  when  heated  with  them,  and  form  salts. 

But  in  the  majority  of  cases  metallic  salts  are  formed  by  substitution  or 
interchange  of  a  metal  for  hydrogen,  or  of  one  metal  for  another.  It  is 
clear,  indeed,  that  any  metallic  salt  (zinc-sulphate,  SO^.ZnO,  for  example) 
may  be  derived  from  the  corresponding  acid  or  hydrogen -salt  (SO,.H,0) 
by  substitution  of  a  metal  for  an  equivalent  quantity  of  hydrogen.  Ac- 
cordingly, metallic  salts  are  frequently  produced  by  the  action  of  an  acid 
on  a  metal,  or  a  metallic  oxide  or  hydrate,  thus: 

(1)  SO4H,        -j-        Zn^'        =        S04Zn''        +        H^ 
HydrofreD  sulphate.  Zinc  sulphate. 

(2)  2N0,H        -j-        OAgg       =        SNOjAg         +        OH, 
Hydrogen  nitrate.  SilTcroride.  Silver  nitrate.  Water. 

(8)  NO,H        4-        OKH       =  NO,K  +        OH, 

Hydrogen  nitrate.     Potassium  hydrate.     Potafwinm  nitrate.  Water. 

In  the  instances  represented  by  these  equations,  the  metallic  salts  formed 
are  soluble  in  water.  Insoluble  salts  are  frequently  prepared  by  inter- 
change of  the  metals  between  two  soluble  salts ;  thus : 

(4)      (NOjlgBa'-'      +      SO.Na,     =      SO^Ba^'      +      2N0,N& 
Bariuni  nitrate.  Sodium  sulphate.    Barium  sulphate.         Sodium  nitrate. 

Li  tbiB  CMe  the  barium  sulphate,  being  inAo\ub\«,  la  ^TaQV^vaXAd,  ^hile  the 
Bodiam  nitrmie  remainB  ir 
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Th  nil  these  reaotioni,  hydrochloric  acid,  or  ft  melnllic  ohlorid(*,  might  he 

Bijbsiituicd  for  the  oxygcn-a<^id  or  oxy^eii-soU  hUIiouI  the  elighic^t  altpra- 

^^■lion  in  the  inocic  of  action,  tho  product  formisd  in  each  case  buing  u  cblorido 

^^HKisieAd  of  a  nitrato  or  sulpale  ;  thus  : 


2)' 

(«)' 


2HGI 

-f 

Zn'^ 

^ 

ZnCl, 

4- 

II, 

2HCI 

-f 

OAK 

1^ 

2AtH;i 

+ 

Oil, 

iin 

+ 

OKll 

= 

KCl 

+ 

OH. 

NOjAg 

+ 

NaCl 

— 

AgCl 

+ 

NOjNa. 

From  all  these  conBiderations  it  nppear^  that  oxygen-salts  may  bo  re- 
garded* cither  as  compounds  of  aciid  uxidos  with  ba.iic  oxitlei^,  ar  as  una- 
logons  in  compoflittfin  lo  clilcride**,  —  that  is  to  say*  as  compounds  of  a 
metal  wiih  a  radical  or  group  of  t'lemcnta,  i?iich  as  NOj  (mtrmtif)  m  th«  ni- 
trates^ St)^  {tuiphiow)  hi  tbt"  sulphates,  dij^clisirj^iog  ItmcEions  similar  to 
ilko^tc  of  eblorinc,  and  eitpublt?,  like  that  ek'iiii'nt,  of  parsing  uuchauged 
from  one  compound  to  another. 

For  many  years,  indeed,  it  was  a  subject  of  discussion  among  chemisU 
whether  the  former  or  the  latter  of  tbesc  views  ybould  he  regarded  as  re- 
prcsenling  th?  <ic(ual  constitution  of  oxygen-salts.  Berieliu.s  dtvidi'd  salts 
ttto  two  classes:  (l),  Halutd  atttt*,  comprising,  as  already  mentioned,  the 
■lilorides^  bromiden,  iodide;!,  and  tlitorides,  which  are  compounds  of  a  metal 
rith  a  monad  meialUc  element,  (2).  Amphid  9(iUs,  consisting  of  an  acid  or 
ftlectro- negative  oxide,  sulphide,  selenidc,  or  t ell u ride,  with  a  b;isio  or 
iUictrn-poailivc  compoimd  of  Iho  Ramekind;  such  09  potasaium  nreenate, 
PjO^.f^llK..;  potassium  gulpharacnate,  l*^»Sg.3SK,j;  potassium  aeleniopliosphatc^ 
f^Se^.^SeK,*  Ac. 

Davy*  on  the  other  band*  observing  the  close  analogy  between  the  reac- 

Itonsi  of  chlorides,  on  llie  one  hand,  and  of  oxygen -tta Its*  such  as  sulphaieSf 

llitrat«S)  ttc*»  on  ihi*  other,,    suggested  that  the  latter  mighi  be  regarded, 

Ike  the  former*  as  compounds  of  metals  with  acid  or  electro-negntive  radi* 

fcls,  the  only  differonce  being*  that   in  the  forioer  the  acid-radical  is  an 

>1emeut*ry  body,  CI,  Br,  &o.,  wlierens  in  the  former  it  is  a  compound,  aa 

Tj^*  N'V  '***^'  ^^'     This  waf<  called  tho   hinanj  thfor^/  of  tatu :  it  was  sup* 

ed  by  many  ingenioim  argument h  by  \H  proposer  and  several  contem* 

'  chemii^Iii:  in  later  years  also  by  Liebig.  and  by  Daniell  and  Milter, 

observed  that  the    mode    of  decoujpo«ition   of  salts  by  tho  eleclrio 

urrent  is  more  easily  represented  by  this  theory  th&u  by  the  older  ono 

irp,247b 

At  the  present  day*  the  relalivo  merits  of  these  two  theories  arc  not  re- 
garded as  a  point  of  very  greut  importance*  Chemists,  in  fad*  no  longer 
attempt  to  con-ilruct  foniiiihe  which  >thall  reprcsonl  the  actual  arrangemeiita 
of  atoms  in  a  compound*  the  formube  now  in  use  being  rather  intended  to 
IjBtihibit,  fir»t>  th*)  balance  or  neutral ixation  of  the  units  of  equivalency  or 
Hlomicily  of  the  several  element<t  eoiitnined  in  a  compound  (p.  231);  and, 
Becoudly^  the  manner  in  which  any  compound  or  group  of  atoms  splits  up 
into  subor-linatc  groups  tinder  the  iiitluf*ncc  of  different  reagents.  Accord- 
ing to  the  latter  view*  a  compound  containing  three  or  more  elementary 
atoms  may  be  represented  by  ditfereat  formula  corresponding  to  the 
several  ways  in  which  it  decomposes.  Thus  hydrogen  sulphate  or  sul- 
phuric acid,  BOitlj,  may  be  repre8,ented  by  either  of  the  fallowing  formu- 
II        U:- 

kf  1.)  80^.ITj,  which  representa  the  Reparation  of  hydrogen  and  formation 
'  a  metallic  sulphate  by  the  action  of  xinc,  ^o. :  this  is  tiio  formula  cor- 
isponding  to  the  binary  theory  of  salts. 
(2.)    Sttj.Ollj.     Thi.^  formula  reprosenls  the  formtvUoTv  ot  \\ve.  tJke"v\  \k^ 
recthydrntioa  of  suipkunc  otidQ;  tlie  s«paraUoa  yf  wivt^tt  i^u^  te^m\sA\^Ta. 
^# 
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of  a  metallie  sulphate  by  the  action  of  magnesia  and  other  anhydrous 
oxides ;  and  the  separation  of  sulphuric  oxide  and  formation  of  phosphoric 
acid  by  the  action  of  phosphoric  oxide : 


SO,.OH,  +   MgO  =  SO,.MgO   +  OH, 
SOjOHj   -f-   P,0,    =   P,0,.OH,   -f-   SO,. 


(8.)  SO^.O^H,,  or  S02(0H),.  This  formula  represents  such  reactions  as 
the  elimination  of  hydrogen  dioxide  by  the  action  of  barium  dioxide,  BaO,. 

(4.)  SH.  Of.  This  formula  represents  the  formation  of  sulphuric  acid  by 
direct  oxidation  of  hydrogen  sulphide  SH,,  and  the  elimination  of  the  latter 
by  the  action  of  ferrous  sulphide : 

SHJ.O4  -f   FeS  =  SO^Fe   +   SH^ 

FormulsB  of  the  third  of  these  types,  like  SO.(OH)»  which  represent 
oxygen-acids  as  compounds  of  hydroxyl  with  certain  acid  radicals,  asSO/^ 
(sulphuryl),  W  (carbonyl),  PO^^'  (phosphoryl),  Ac,  correspond  to  a 
great  yariety  of  reactions,  and  arc  of  very  frequent  use.  They  exhibit  in 
particular  the  relation  of  the  oxygen-acids  ( hydroxy lates)  to  the  corres- 
ponding chlorides,  e.  g. : 


(so,)"(on), 

Bulpbiiric  Mcid. 

rpo)'^'(OH), 

Phosphoric  acid. 


(SOJ^'Cl, 
Solphimc  chlorideb 

(P0)''^C1, 
Phosphoric  chloride. 


Batieity  of  Adda.  Normal^  Acid  and  Double  Salts,  — Acids  are  monobasic, 
bibasio,  tribasic,  &c.,  according  as  they  contain  one  or  more  atoms  of  hydro- 
gen replaceable  by  metals;  thus  nitric  acid,  NO,H,  end  hydrochloric  acid, 
cm,  are  monobasic;  sulphuric  acid,  SO4H2,  is  bibasic;  phosphoric  acid, 
PO4H,,  is  tribasic. 

Monobasic  acids  form  but  one  class  of  salts  by  substitution,  the  metal 
taking  the  place  of  the  hydrogen  in  one,  two,  or  three  molecules  of  the 
acid,  according  to  its  equivalent  value  or  atomicity;  thus  the  action  of 
hydrochloric  acid  on  sodium,  zinc,  and  aluminum  is  represented  by  the  equa- 
tions: 

cm  -f  Na  =  ClNa  -f  H, 
2Cm  -f-  Zn^-'  =  CljZn^^  -f  H, 
8C1H  -f  AV'^  =  C\\V  +  H^ 

and  that  of  nitric  acid  on  the  hydrates  of  the  same  metals  by  the  equations  : 

NO.n  4-  Na  (HO)      =  NOJJa  +    H(HO) 

2N0,II  -}-  Ba^^(HO),  =  (NO,),Ba^'  -f  2H(H0) 
SNOjlI  +  AK^^(HO),  =  (N0,),AF'^  -f-  8H(H0). 

Bibasic  acids,  on  the  other  band,  form  two  classes  of  salts,  viz.  mono- 
metallic or  acid  tails,  in  which  half  the  hydrogen  is  replaced  by  a  metal ; 
and  bimetallic  salls^  in  which  the  whole  of  the  hydrogen  is  thus  replaced, 
the  salt  being  called  normal  or  neutral  if  it  contains  one  metal,  and  double  if 
it  contains  two  metals ;  thus : 


From 


SO«H, 

is  derived  SO.KH 

(( 

"        SO4K, 

2S0,H, 

"        SO^Ba'^ 
"      (SO^ijKjNa 
"      (S04),aV'^K 

f  hydro-potassic  or  acid  potassium 
\     sulphate. 

rbipotassic  or  normal  potassium 
\     sulphate. 

barium  sulphate. 

sodio-tripotassic  sulphate.         * 

potassio-aluminic  sulphate. 

ikOTm«\  a\iam\\)A\iui.  sulphate. 
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Tribomc  acids  in  like  marmer  form  two  classes  of  acid  salts,  mono-metaUie 

or  bimetallic^  ticcording  ua  one  [bird  ar  two  thirds  at  the  liydro^eti  in  replaecd 

Fl^y  a  mttal;  alao  normal  and  double  or  triple  «at{»^  in  which  ihc  hydrogen  is 

wholly  replaced  by  one  or  more  metala;  in  quadrlba^io  aoida  the  variety  is 

of  course  still  greater. 

The  use  of   the  terminations  out  ami  iV,  as  applied  to  saltfi,  ha»  already 

been  explained*     We  have  only  further  to  observe  in  this  place  that  when 

uietftl  forms  but  one  class  of  saltd,  it  i3  for  the  most  pari  better  to  deifig^ 

I  nate  those  aalta  by  the  name  of  the  metal  itself  than  Itj  an  adjective  ending 

J- in  ie  ;  thus  pota*sium  nitrate^  and  had  aulphnff  arc  mostly  lo  be  preferred  to 

tp&tank  nitmU  and  plumbic  aulphftie      But  in  naming  double   r^iiltn,  and  in 

many  caaea  where  a  numeral  prefix  is  required,  the  names  ending  in  ic  are 

more  euphonioua;  thus  triptumbic  photphatf  Kt>undj»  beiicr  than //■i/f*/f//?Ao*- 

phftte^  and  ht/drodijtodic  phosphate  is  certainly  better  than  htftiro^fn  and  divQ- 

dium  phovphaU;  hul  there  is  no  occasion  for  a  rigid  adiierenoe  to  either 

system. 

All  oiy gen -salts  may  also  be  represented  as  compounds  of  an  acid  oxide 
with  one  or  more  molecules  of  the  same  or  different  basic  oxides^  including 
water,  €,  y. : 

Hydro-potassie  sulphate  2SO4KIT       =  2S0,  E,0.n.O 

SodjO'tripotaasic  sulphate        2(8(><ijliH     =  480,  ^K,O.Nrt,0 

Potaasio-aluminic  sulphate  2{'^iy^\^\V^'K  =  IStij-Al'^'jO,  K,0 
Hydrodisodic  phosphate  lit'O^N'o^li      —  F^M^  jNa./J,U,0. 

When  a  tt^rmal  oxygen-salt  is  thus  formulated,  it  is  easy  to  see  that  the 
I  number  of  molecules  of  acid  oxide  euntaincd  in  its  molecule  is  equal  to  the 
|»uuiber  of  oxygen-atoms  in  the  base;  tbusi 

Normal  potaastium  aulpbate     SO^K,  ^    SOjj  K^O 

**       barium  sulphate  SO^Ba  ^=^    SOj,BaO 

•*       stannio  aulphnte        (SO^)jSn'^  =  2SOj  SnO^ 

'*       alumioium  sulphate  (SO^),Al'",  ^  380^  AljO,. 

When  the  proportion  of  acid  oxide  is  less  than  this,  the  salt  is  called 
baaic ;  such  salts  may  be  regarded  as  compounds  of  a  normiil  salt  with  one 
or  more  molecules  of  baaic  oxide,  or  as  derived  from  nnrinal  suit**  by  sub- 
stitution of  oxygen  for  an  equivalent  quantity  of  the  acid  radical;  thus; 

TribMio  lead  nitrate 


N,0^8Pb"0       =  (NOal.Pb'^SPb'^O 
^  Pb'VU^'^l.)»«''i 

**Tu1nh:tr '*'"""  =  (80,),A1-  8AK-A 

=  Ar^(SO,)'',o-V 


stilphaie 


I 
I 

i 


The  last  mnrle  of  formulation  exhibits  the  nnnlogy  of  these  baaic  oxyf^alts 
to  the  oxycbloridea,  oxyodides,  &c. ;  thus  the  basic  lead  nitrate,  Pbj(Ni)j)*JOj, 
just  mentioned,  is  analogous  lo  the  oxy chloride  of  tliat  nieial,  i*bjt..'l,Uj, 
which  occurs  native  as  mendiplte. 

The  term  basic  and  ftcid  are  sometimes  applied  to  salts  with  reference  lo 
their  action  on  vegetable  colors.  The  normal  saltjj  formed  by  the  union  of 
the  stronger  acid.*$  wiih  thealkaries  and  alkaline  earths,  such  as  poiHssiuiii  sul* 
phate,  SO^K,,  tmrium  nitrate,  (  Nnj)jLia",  &c.»  arc  perfectly  neutral  to  vege- 
table colors,  but  most  other  nurnuti  s"alts  exhibit  either  an  acid  or  an  alka- 
line reaction:  thus  ferrous  sulphate,  cuprie  sulphate,  silver  nitrate,  and 
many  others  redden  litmus,  while  the  normiil  curtHinates  and  phosphates  of 
tue  alkali-metals  cxhtbtl  a  decided  nlkaline  rt'tieiioti  U  ia  cleiir  ilien  llv^t 
the  action  of  a  salt  on  vegetable  colors  benrs  no  deftuUe  Te\a\Vot\\^>\\^  ^it^TO'^viiv- 
lion/  heaee  the  term  normal,  m  applied  to  suYt»  hi  wVvvcV  lVi<t\iftaiv«i\v^''««*- 
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gen  of  Ihe  acid  ia  wholly  replaced,  ta  preferable  io  neutral,  and  the  terma 
ba«ic  aod  add,  aa  applied  lo  Baits,  are  best  used  iu  the  manner  above  explained 
with  reference  to  their  compos iliou. 

When  a  Ttormal  salt  cootaiBiTig^  a  monoxide  passes  bj  oxidution  lo  a  salt  ^ 
contatniag  a  seHquioxidei  dioxide,  or  trioxide,  the  fiuaiitttj  of  acid  preaenl  I 
18  no  lotif  er  au^cient  to  aaturate  the  base.     Thus  when  a  ^olurion  of  fer- 
Toua  Bulphatc,  SO^Fc,  or  SO,  FcD  (coinwion   green  iritnijl),  is  exposed  lo 
the  air^  it  abaorba  oxjg^cn,  and  an  inNoluhle  ferric  salt  is  produced  contain- 
log  AH  excess  of  base,  while  aurmai  t'l^rrtc  sulphate  remuins  in  solution: 


4(SO,.FeO)    -1- 
irerroiu  «tilpluil«> 


0.    = 


JfoimAl  forrio 
■mlptitttei. 


These  basic  salta  are  verj  often  insoluble  in  water. 

Salts  conlaining  a  proportion  of  acid  oxidt-  larger  than  is  sufficient  U» 
form  a  neutral  coinpouniL  are  called  unfii/dro-jsalia  (sometimes,  though  im- 
properly, acid  Nalt»);  they  may  evidently  be  regarded  as  compuuudd  of  a 
normal  salt  with  excess  of  acid  oxide  ^  e.^.: 

'tb"-ipt'-7TX"    }  <«^'''-^'^°  =  («^«'^'''  ««•■ 

Potassium  anhvdrochromate  1  m^n.  \    ^  n  ir*^f\  \\:    r^^cx 

(bichromate  of  potash)       )i^^^t)r^^  =  (CrOJ^XrO,. 

The  following  is  a  Hat  of  the  most  important  inorganic  acids  arrange<i 
according  lo  their  basicity: 

Monohime  Acids. 


Hydochloric 
Hydrobromic  . 
Hydritidic    . 
HydroiJuoric    , 
Nitrous 
Nirric 

Ilypi>pho^phorou8 
M  etaphosphoric 
Boric  . 


ITydric  (water)  , 

8ulph-hydrio 

Selenhydric 

Tellurhydric  . 

Sulpliuroug 

Sulphuric 

Hyposulphurous 

Dith  ionic 

Trith ionic  . 

Teirathitmic  * 

Pcntathionic 


Ortho  phosphoric 
Pjropbosph  oric 


.     cm 

BrU 
IH 
Fl! 

.    NOJi 
Ni\lf 

Vt>sH 
.    BO,H 


Bibaaie  Acid*, 

SeHj 
Tell^ 

s,o,ii, 

S/>,11, 
8.t^H, 


Aniimonic  . 

.    SbOjH 

Hypochlorous 

ClOH 

Chlorous    . 

.    cityi 

Chloric  . 

€H),II 

Perchloric 

.      CIO.II 

Bromic  *         • 

BrO^Fl 

Iodic . 

lOjiH 

Poriodio 

lUJl 

po,n. 


p,o,n,  \ 


Selenioua 

,      SeO^K, 

Seleuio 

SeOJr, 

Tellurous           , 

.     TeOjH, 

Telluric 

TeDJI, 

Manganic 

.     MnOJI, 

Permanganic 

,        Mn,t),H, 

Chromic   . 

.      CrOJI, 

Stannic 

SnO,H, 

Melasilictc 

.       SiOjH, 

Carbonic 

COaU* 

Phosphorous    . 

(PHO.JH, 

A  fiat. 

Arsenic     • 

.    AsOJl^ 

Atid», 

OTl\\tta\iie\<i  . 

,         %?^5L, 
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The  general  characters  of  most  of  the  non-metallio  acids  and  their  salts 
have  been  already  considered ;  but  the  phosphates  require  further  notice. 

Phosphates.  —  There  are  three  modifications  of  phosphoric  acid:  one 
being  monobasic,  the  second  tribasic,  and  the  third  tetrabasic,  as  indicated 
in  the  preceding  table. 

Hydrogen  phosphide,  PH3,  burnt  in  air  or  oxygen  gas,  takes  np  four 
atoms  of  oxygen,  and  forms  trihydrie  phosphate  or  tribasie  phosphoric  acid^ 
PO4H9.  The  same  acid  is  produced  by  the  oxidation  of  hypophosphorous 
or  phosphorous  acid;  by  oxidizing  phosphorus  with  nitric  acid  (p.  214); 
by  the  decomposition  of  native  calcium  phosphate  (apatite)  and  other  na- 
tive phosphates;  and  by  the  action  of  boiling  water  on  phosphorus  pent- 
oxide,  P3O5.  This  acid  forms  three  distinct  classes  of  metallic  salts.  With 
sodium,  for  example,  it  forms  the  three  salts,  PO^NaH^  P04Na2H,  and 
PO^Na,,  the  first  two  of  which,  still  containing  replaceable  hydrogen,  are 
acia  salts,  while  the  third  is  the  normal  or  neutral  salt. 

If  now  the  monosodic  phosphate,  P04NaH.,  be  heated  to  redness,  it  gives 
•if  one  molecule  of  water,  and  leaves  an  anhydrous  monosodic  phosphate, 
POjNa,  the  aqueous  solution  of  which,  when  treated  with  lead  nitrate, 
yields  a  lead-salt  of  corresponding  composition;  thus: 

2P0,Na  +  (NO,),Pb^^  =  (PO,),Pb''  -f  2N0,Na; 

and  this  lead-salt  decomposed  by  sulph-hydric  acid,  yields  a  monohydrio 
acid  having  the  composition  PO.II,  possessing  properties  quite  distinct 
from  those  of  the  trihydrie  acid  above  mentioned: 

{VO^)^Vh''  +  SH,  r=r  2P0,H  +  Pb^^S. 

The  trihydrie  acid  which  is  produced  by  the  oxidation  of  phosphorus, 
and  by  the  decomposition  of  the  ordinary  native  phosphates,  is  called 
orlhophosphoric  add  or  ordinary  phosphoric  acid;  the  monohydric  acid  is 
called  metaphosphoric  add.  The  former  may  be  regarded  as  a  trihydrate,  the 
latter  as  a  monohydrate  of  phosphoric  oxide : 

2PO4TI3  =  PjOj.SOH^  orthophosphoric  acid, 
2P0,H   =  PjOyOH,,  metaphosphoric  acid. 

Both  are  soluble  in  water,  and  the  former  may  be  produced  by  the  action 
of  boiling  water,  the  latter  by  that  of  cold  water  on  phosphoric  oxide. 
They  are  easily  distinguished  from  one  another  by  their  reactions  with  al-  . 
bumin  and  with  silver  nitrate.  Metaphosphoric  acid  coagulates  albumin, 
and  gives  a  white  precipitate  with  silver  nitrate;  whereas  orthophosphoric 
acid  does  not  coagulate  albumin,  and  gives  no  precipitate,  or  a  very  slight 
one,  with  silver  nitrate,  till  it  is  neutralized  with  an  alkali,  in  which  case 
a  yellow  precipitate  is  formed. 

Metaphosphoric  acid  and  its  salts  differ  from  orthophosphoric  acid  and 
the  orthophosphates  by  the  want  of  one  or  two  atoms  of  water  or  base ; 
thus: 

Metaphf>ephAt«8.  Orthophoephatei. 

POjH  =    PO4H,  —  OH, 

PO.Na  =     PO^NaH,  —  OH, 

(PO,),Ba^>'  =    (PO^jjBa^^H^  --  2011, 

PO,Ag  =     PO.Ag,  —  OAg 

(PO,),Pb'^  =    (P04),Pb'^,  —  20Pb^'. 

Accordingly,  we  find  thai  metoph osphates  and  orlbopYvoftpWl^^  vc^  <i«iir 
rertibie  one  into  the  other  by  the  Jobs  or  gain  of  one  or  Ivro  %Xqisi«  Qt  "V^Vct 
crmeisJUc  buae;  thus: 
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«.  A  solution  of  meUphosphorie  aoid  U  oonyerted,  slowly  at  stdinaiy 
ieiup<Miiturejt,  quickljr  at  the  boiling  heat,  into  orthophosphorie  teid,  wi 
tho  HKMa phosphate*  of  sodium  and  barium  are  converted  by  boiUng  with 
watrr  into  the  corresponding  monometallic  orthophosphates  (see  the  tint 
ihr^  equations  aboTe). — $.  The  metaphosphate  of  a  heavy  meti^  sUfer 
or  lead«  for  example,  is  conrerted  by  boiling  with  water  into  a  trimeCaUie 
phosphate  and  orthophosphorie  acid: 

«PO^Ag  +  son,  a  PO^Ag,  4-  2PO4H,. 

y.  When  any  metaphosphate  is  fused  with  an  oxide,  hydrate  or  earbonate, 
it  becomes  a  trimetallio  orthophosphate,  e,  y. ; 

PO,Na  4-  CO,Na,  «  PO^Na,  +  CO^ 

On  the  other  hand  (^),  when  orthophosphorie  acid  is  heated  to  redncM, 
it  Ukxcs  water  and  itcconies  mctaphosphorio  acid ;  and  when  a  monometallic 
orthophosphate  is  heated  to  redness,  it  also  loses  water  and  is  transformed 
into  a  nietaphoiiphate. 

Intermetliate  between  orthophosphates  and  metaphosphatas,  there  are 
at  least  three  distinct  classes  of  salts,  the  most  important  of  which  are  the 
ftffrophAfphatft  or  paraphatphatrt^  which  may  be  derived  from  the  tetrahydric 
or  quadribasic  acid,  P/)^!!^,  the  normal  sodium  salt,  for  example,  being 
P,0fNa4,  the  normal  lead  salt,  P^O^Pb^^^  &c.  These  salts  may  be  yiewed 
as  compounds  of  orthophosphate  and  metaphosphate,  e.  g, : 

PjO^Na^  s  PO^Ns,  +  PO,Na. 

Sodium  pyrophosphate  i8  produced  by  heating  disodic  orthophosphate  to 
redness,  a  molecule  of  water  being  then  given  off: 

2P(\Na,n  =  OH,  -j-  PjO^Na^. 

Tho  aqueous  solution  of  this  salt  yields  insoluble  pyrophosphates  with 
lead  and  silver  salts;  thus  with  lead  nitrate: 

P,O^Na<  +  2(N0,),Pb'^  =  4N0,Na  =  P.OyPb^-',, 

and  lend  pyrophosphate  deconipn8C<l  by  hydrogen  sulphide  yields  hydrogen 
pyrophosphate  or  pyrophosphuric  acid: 

P,0yPb'^,  +  2SII,  =  2Pb^'S  +  PjO^H^. 

Pyrophosphoric  acid  is  distinguished  from  mctaphosphoric  acid  by  not 
coagulating  albumin  and  not  precipitating  neutral  solutions  of  barium  or 
silver  salts,  and  from  orthophosphorie  acid  by  producing  a  white  instead 
of  a  yellow  precipitate  with  silver  nitrate. 

Pyrophosphates  are  easily  converted  into  mctnphosphates  and  ortho- 
phosphates, and  met  versdy  by  addition  or  subtraction  of  water  or  a  metallic 
base. 

a.  The  production  of  a  pyrophosphate  from  an  orthophosphate  by  loss 
of  water  has  been  already  mentioned. — 0.  ('onvcrsely,  when  a  pyrophos- 
phate is  heated  with  water  or  a  base,  it  becomes  an  orthophosphate,  e,  g,  : 

P,0-Nn4+    H.O      =2P0.Nn,II 
PANn^  -j-  20NaH  =  2P04Nn,     +  Oil,. 

In  like  manner  orthophosphorie  acid  heate'l  to  215°  is  almost  entirely  con- 
verted into  pyrophosphoric  acid :  2PO4H, —  OII^  =  PjO-H^;  and  conversely, 
when  pyrophosphoric  acid  is  boiled  with  water,  it  is  transformed  into 
orthophosphorie  acid. 
y.  jyropboFphorie  acid  heated  to  dull  rednera  \a  cowxe-vted  into  meta- 
phospboric  acid:   P,Oy  11^  —  OH,  =2P0^\l.    1Yi«  qohv^tm^tc^^qW^tiV^  ti^ 
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eatily  effected,  inasmiich  fi?  inoriiplioftplioric  acUl  hy  aTiRorbinp;  walergener* 
ally  passes direcil^v  i<J  lUe  **ta.tc'  ot  ortho}>howphorie  nch\.  PiHigot,  howovcr, 
observed  the  formation  of  pyrophonpliioric  Iroiu  TiieliiiplnLJit|ihori«  JK'id  by 
very  slow  nbaorptioo  uf  wuter.  — (5.  Wln^n  a  rapiullic  njt* uphosplmte  13 
treatcid  with  u  proper  propovtion  of  a  Lydriile,  gxide,  or  ourbtdiate,  it  is 
converted  into  n  pyropUiFSphsile  ;  thus: 

2P0jNa     -f     COjNi^    =     TjO-Nni      4.  CO, 

Mrtitpboiiphiite.         CttrUinnte.  FyrofiUcKipliato.        Ciu-tion  Jluxido. 

Fleitniauo  and  Hennt^berg,*  by  ftising  logetlier  a  niolecule  of  Modium  py* 
rophosphutt*.  PU|N<i,.P<UNa,  with  two  tiiok't'iikvs  of  nietaphnsphnie,  FUjNa, 
obtained  a  ftalt  Uikviug  ine  composttiori  ro^Na^.^FOjNn  r^  P/>,jNng.  wkiich 
is  soluble  wttboul  deeom position  in  a  Hniall  ipiaiitity  of  hot  water,  and 
erysLftllizes  from  it!i  Holittlom  by  evaporation  over  oil  of  vitrioL  An  excess 
of  hoi  water  decomposes  il,  but  its  cold  aqueous  solution  i»  nioiU'rately  per- 
manent, insoluble  pho^pbates  of  sinular  i'onipo-iition  nmy  be  ol>tained 
from  the  Hodium-»a!t  by  double  deeompoiiiiion.  Fleil matin  and  IIcuiii.4ierg 
obtained  another  crysiatUrable  but  vary  iMMcduhle  pa!t,  havln>^  the  eoiiUKj^ 
/pilioa  PO^NsijJ^POgNa  =  PnjOj,Nftj^  by  fueling  togetbt'r  one  molecule  of 
iodiuui-pyropliosphate  Hitii  eight  moleeules  of  the  tui-lapliofiphate  ;  and  in- 
ftolublo  plioapliales  of  similar  coDStilulion  were  obtained  from  it  by  double 
deconipoMition. 

The  comparative  eomposition  of  these  different  phosphates  is  best  shown 
by  representing  them  aseompoundH  of  phosjdiorio  oxide  with  metallic  oxide, 
and  assigning  to  I  hem  all,  the  quantity  of  hiiKo  cutitained  in  the  moat  com- 
plex tuctnber  of  the  series;  thu8  (for  the  sodiutii  salts): 

Orthophospbate SPgO^-ONajO  =  4P0^Xa 

Pyrophosphate SP^(>5  .  ftXa/ ^  =  HP/J^Na^ 

Fleiimann  and  Hennebcrg's  phofiphate  (a)  4Pjl)(  .  ONajO  --^  -iV^s^'U 

(b)  &P/)j.GXa,0  ^  P,J>3,Sa,, 

Metaphosphate OP/)j.  6Na,0  =3  ll^VOgNa. 

XetaUio  StilpMdei.  — These  compounds  correspond,  for  the  most  part,  to 
the  oxidea  in  oumpo^ttlon:  tbtis  there  are  two  sulphides  of  arsenic,  As,F^ 
and  AsjSj,  corres.ponding  to  the  oxides,  A?*Oj  and  Asjtl^;  aUotwo^ulphiuea 
of  mercury,  HgjS  and  Hg8,  analogous  to  the  oxtdcH,  Hg^n  and  llgO.  t>c- 
c&sionally.  however,  we  meet  with  oxides  to  wbicb  there  are  no  correspond- 
ing sulphides  (manganese  dioxide,  for  cxampto),  and  more  frequently  sul- 
phides to  which  there  ara  no  corresponding  oxides,  the  moat  remarkable  of 
whtcb  are  perhaps  the  alkaline  polys^^ilpbides,  Potajisium,  for  example, 
forms  the  series  of  milpbides  K.jS,  K^S^,  K,Sj.  K^S^.  and  K,t>j.  the  third  and 
fifth  of  which  have  no  analogue*  in  the  oxygen  series. 

There  are  ali^o  Bulph-hydrates  analogous  to  the  hydrates,  and  containing 
the  elements  of  a  metallic  sulpbido  an<l  hy<lrogen  sulphide,  or  siidph-bydrio 
aeid;  e.  «f.  pota*»<iuni  siilph-hydrate  K^S  H^S  ^^  2KHS;  lend  Bulpb-hydrato 
Pb'''SJI^==;  Pb'''H,8^.  Sulph-hydratea  and  sulphides  may  be  dcHved  from 
fulph-hydric  actd  by  partial  or  total  replacement  of  the  hydrogen  by  metals^ 
just  aa  metallic  hydrates  and  oxides  are  derived  from  water: 


■ 


SHH 

8ulph-li>'dric 

acid 

Water 


SKir  SKK 

Sulph-hydraie  Sulphide. 

OKII  OKK 

Hydrate  Oxid«« 

•  itBD.  Cb.  PlMum.  JxT.  304. 
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ViAf  ii*^r  III*;  ^::a.  Us  'txr^^  l«  isfcricril  mJiicnIjL  cf^^riaOr  tke  lolpibidef 
-.f  'tkL  :•.:.?•*"-  li  :.  i-frr-ry  "wj-jij.  tf  ri  ti^ta  > -ji.^^  f«r  ike  czincf ion 
:'    !-»  2i«*'*i  *.  la-:  -r:«i  "i-s*-j-ajm   if  :r»«.  prr.-Sffi.  r«i^»  vkidi  u  largclj 

*  i- -I _■>»•*  IT-*  i:ni*«;  ir-jiiuiILj  "ij  i-*A.T-Tr  smcaL*  wiik  fslpknr :  by  iha 
I*;?::  1  .'  3x-*-.i  ^  :a  £xm<:>l.«  ij  ir:ic»a  «^iaj4e:  bj  ibe  rcductioii  of  nil- 
;'i.Lr>*<*  'r::a  ijis'r'i.  :-  :xvr-:::ikl  :  rj  i-s«£izf  s.«rall>  oxides  in  coBCftd 
-r-.-j  ru*^:~*  i-Lv-r'i  *a-^  iji«*.  ;r  -r^Z'ir  -ti  ekrb<«  b£fal|khide:  And  by 

;r*«!  7  -  i--^;a  :f  a**- 1 ■:  *.  . --.  :^*  -r.-.j.  ij  ir:«»3.  f«If-k>ie  or  a  mlpbide  of 

AiiL-ai-"Al  S:«n-«  sx-?*-^.  u  ^-Tj-^r.  >»i  f2»er.  boaatk.  Merearr.  and 
::tL3iIi3i.  kr»  rr-'iTT"  i.-.»-i  fr-(a  :i-!:r  *:6i  «is!?t>9e»  by  kyiiofea  solpbide, 
riL.M<-i  '.Z-:  'j.'Pa  if  rxf  :r  «.:*{•£  is,  % :  s«*:4bc  *xvti4B.  tke  i«lpkidcs of  tbcte 
3x*-a1*  '-^--r  :- *«. '- -"".-l-^  ::!  i."  i"*  «.  i* ;  :^i*r«L  a£  ir»a.  coImIu  iiiekeL  maii- 
rii**«.  s-2.r  liz  ir*=  -3-  ^rs  yil^iii-f*  "»2i-fk  »?•  fl«Inble  in  aekls*  and 
li^-M  ir-  ir*.':- r.xT-^i  -j  "iTirir*!  *./-7iii*  -irTy  frio«  alkaliae  foIuiioBS. 
:r '"T  i-r.:i.:^  :t  ^•:.:t~*:-=.  *ilii_-:*  fr:a  s*Btral  M>!iiiioiuL  Many  of 
:i*-*-»  «:i".Tl:i*<  *xi.:.-.  t*-t  .•^.u-ur-^rj^ci-r  mI.t*.  vaifk^erre  aaindieauons 

>I*«4^.r  *r:'.ri:i**  ir*  xl*.:  f.ra-ni  ^j  :•*  r^iafrioA  of  ralpkates  witb 
<rr»- -  *  k: :«:&=.  :«4  :  -  fc-j  :l^iiv-±  «;=^:iiir»  iare  doabileaa  been  formed  in 

Tl*  r  i  t *:  :-4l  ; i  in : : - r*  ■  f  <-  n ■•  =.-**A"i  r  «:i'r  i:  i«  c!«elT  resemble  tkoM 
■:f  :i*  -*:.il*  :i  :-ir:.vl2.  i.i.r:-.:-li.rPu  *r-:i  a«  «i*  rereliar  opaeiir.  lustre, 
ai :  i*z.K'.j.  **;■>:.  ilj  -b  i;r  :i^T  are  -.-  a  frvsa:!ine  condiiion.  Tkey  are 
c*-enlT  •77<i'.'_:i'^  ■•.  "'t.--:*.  ir  :  :'*  Jmy.  r>ile  Te"ow.  or  dark  brown 
<:'. .r.  Tl*  *-Iti;'  *  ^f  :.*  iliili-TL*:*':*  *r*  «.?h:b!e  in  water,  most  of 
il*  :*i*r*  Ar-»  ;--. ■.-•'.*.  Ti-t  ir*  fr?-; -■»-:>  n.r^  f::«:ble  than  the  cor- 
rT-*T;- ;:-r    iIIt*.  v=.i  *■;=.*  ire  r  i\^-.'.,s^V.i.  ^  r^ercurr  sulphide  and  ar- 

M11.T  «-^":  i:  ;**.  -a':  *-  Yz^:-:  '.  : .::  f  ^-t::*.?:  ^::b  a"ao«ph?rie  air,  do  not 
-r-i-err*  i-r  :-;:-;■'.::  -.  :  >  -.?  :i*  :a'-*  «:'!.:*fT  ^iih  iho*e  containing 
li*  s-i'!--*:  rr  :  r-.  i«  '*-".:  r.-r.  *-:i  i<  :i-f  ~  >::  ••u'f hi Jc?  of  iron  and 
r'L:.  .S  .'rii  I'l-s  :  ^-i.:::r.r  .s.rr^r  ttt-  r::::.*  cf  «uThnr  are  partially  de- 
c  ~r-->*-i  *T  r.ri*..  1  '.ir  :  i-r:  .f  ::.•:. r  *_'r:.--r,  *ni  beinp  conTeried  into 
I.,wtr  r-'.iii  i--.:  i-  :i  :lv  M*f    f  ir  r.  T.s-liiiie.     The  sulphides  of  gold 

By  the  *i~':':i::v  .?  *.-:::-  :f  h*i:  1- :  ; '  *uV«tasees  capable  of  combin- 
in?  w::h  «=iT'-UT.  <  r^*  s-'ii.le*  my  y-e  i <•: or- p ;**■.!.  Thus,  for  inntancef 
•iirer.  coj  p-er.  !":*:r.  ^!b.  ::=.  *r:  5  ATi'.;:r.:r.T  *-^'t"-:  i**  are  reduced  by  hydro- 
gen :  c^-jr*T.  leai.  =ier>:;irT.  ini  an:i=;T:y  su'.phides  are  reduced  by  heat- 

Sulph:i*-s  wb:oh  are  =■::  r^^ :-.:,'*':  >y  r*«:  a'xTse.  are  always  decomposed 
whtn  hra:-?'!  ir.  cr-tac:  «:■":.  .-lyp:-  .r  *:n-.;<j  *:er:c  air.  Those  of  the 
alk»i:-ni'*!»i«  an!  eirrh-r-.c:*'.*  *rt-  v-.r,x<r:ot  "r.To  sulphates  by  ihis  means. 
Zinc,  iri-n.  n:aLrir.o*i*.  corr-er.  \»;.  s.r.  ?  ^  *Tr.*.3:h  sulphides  are  converted 
into  oxiit-".  an  i  <--':  h-.;ro.:<  .  \.  :r  <  :r.-:::v't  i:  but  when  the  temperature 
is  not  aK've  -iu"  roi:n-*<,  *.v<>  *•..':"■'.•<>  •«  vrn-.e^l  by  direct  oxidation. 
Mercury  J»nl  *!:T'*r  «?;'.i  h..?o*  a-v  o.  -  ■;::"'.v  T^■^.i*:c^li  10  the  metallic  state. 
Some  native  *u';hiit'*  cr*::.s'*\  ■. '  '..-^r'  **Tcr*:ion  by  mere  exposure  to 
the  aimo-phero :  V-.::  •.:  <  •..■••.  c"  .:  ."  \  '  r  :^.i  to  tlio  priniuction  of  sol- 
ph  at  o- .  uc :  f  <*  :  1. 1*  /  \  -.  :  * :  v.  :  a  V  o*  t '  *  .■ ;'  ^ ,-  r  a  r  .  i  '.y  1  h  at  the  h  cat  gene  rat  ed 
i?  sufBoieni  to  vitVv'v.i .  >f  ::i'  '^•./.r^  *:r  f*^.  r-.Vi:o<*d.  In  the  production 
of  *''mo  n'.ct*'.*  tVr  '.>i*  -v.  :^o  *:'.s^  :!  c  i^-v.^r*"  :,^^.  of  sulphur  from  the  na- 
tive iiiinoral*  :*  c«iv:ou  olr.ot'.x  ^\  r.:<^*r.*  0:  ihw  action  in  the  operation  of 

.Vi»f, i/Zic  sulphide's  ar^  d^s^wT'^N*^^  \^  VV*'  ^Mmnrt  ^V«^  Keated  with 
meisJUc  oxid^g  ui  Miiiabie  |«»|««rt\<MiK  xMkuaiL  avLV^f^wrowA  wiX^^  aaA4&!^ 
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meUl  of  both  the  sulphide  and  oxide.    Lead  is  reduced  from  the  natiye 
sulphide  in  this  manner. 

Many  metallic  sulphides  are  decomposed  by  acids  in  the  presence  of 
water,  sulphuretted  hydrogen  being  eTolved  while  the  metal  enters  into 
combination  with  the  acid  or  chlorous  radical  of  the  acid.  Nitric  acid  when 
concentrated  decomposes  most  sulphides,  with  formation  of  metallic  oxide, 
sulphuric  acid,  sulphur,  and  a  lower  oxide  pf  nitrogen.  Nitromuriatio  acid 
acts  in  a  similar  manner,  but  still  more  energetically. 

Sulphur-salts. — The  sulphides  of  the  more  basylous  metals  unite  with 
those  of  the  more  chlorous  or  electro-negative  metals,  and  of  the  metalloids, 
forming  tuiphur^alu,  analogous  in  composition  to  the  oxygen- salts,  e.  g. : 

Carbonate  CO,K,  =  CO,  K^O 

Sulphocarbonate  CS,K,  =  CS,.K^ 

Arsenate  2A8O4K,  =  k%fi^.ZKfi 

Sulpharsenate  2A8S4K,  =  As^Sg-SK^ 

MenidM  and  Telloridet.  —  These  compounds  are  analogous  in  composi- 
tion, and  in  many  of  their  properties,  to  the  sulphides,  and  likewise  unite 
one  with  the  other,  forming  selenium-salts  and  tellurium  salts  analogous  to 
the  oxygen  and  sulphur  salts. 

Metals  also  form  definite  compounds  with  nitrngen,  phosphorus,  silicon, 
boron,  and  carbon;  but  these  compounds  are  comparatiyely  unimportant, 
excepting  the  carbonides  of  iron,  which  form  cast  iron  and  steeL 
26 


CLASS  L  — MONAD  METAL& 
GROUP  I. ^METALS  OF   THE   ALKAUES. 


Atomic  weight,  S9I.     Symbol,  K  (Kalium). 

POTASSIUM  WfiH  riigcovcTcfi  in  1807  bj  Sir  IL  Davy,  who  (ibtaiocd  it  in 
T^ry  small  qunntity  by  exposing  a  piece  of  moist pned  potftsj^iimi  hydrate 
to  the  action  of  n  powerful  voltTiic  bat t fry,  th«  alkiili  being  placed  between 
a  pair  of  platinum  platens  connect ed  m'ith  the  apparatus.  ['rocesseB  bftYe 
Biiice  been  devised  for  obtaining  Ihia  metal  iq  almost  any  quantity  that  can 
be  desired* 

Au  intinyite  mixture  of  potasHiiam  carbfmate  and  charcoal  i»  prepared  by 
calcining,  in  a  covered  iron  pot»  the  crude  tartar  o^  commerce;  when  cold 
it  is  rubbed  to  powder^  miicd  with  one  tenth  part  of  charcoal  in  jiiniall 
lumps,  and  quickly  trantf;ferred  to  a  retort  of  stout  haniiuered  iron  :  tbe  iat* 
ter  may  be  one  of  the  iron  bottles*  in  which  mercurv  is  imported.  The  retort 
tH  introduced  into  a  furnace  *j  (fig.  162),  and  placed  horizontally  on  tiupports 
of  fire-brick,/,/-  A  wrought-iron  tube  d^  four  inches  long,  server  to  con- 
▼ey  the  vapors  of  potassium  into  a  receiver  f.  formed  of  two  pteeejt  of 
wrought -iron,  a^  h  (fig,  163),  which  are  fitted  clo!4iely  to  each  other  no  as  to 
form  a  shallow  box  only  a  quarter  of  an  hich  deep,  and  are  kept  together 
by  clnnip-i^crews.  The  iron  plalo  should  be  one  sixth  of  an  inch  thick, 
twelve  inches  long»  and  five  inchee  wide.  The  receiver  is  open  at  both 
ends,  the  socket  fitting  upon  the  neck  of  (he  iron  bottle.  The  object  of 
giving  the  receiver  thifl  flattened  form  is  lo  ensure  (he  rapid  cooling  of  the 
potaasiumf  and  thus  to  withdraw  it  from  the  action  of  the  carbon  monoxide^ 
which  ia  disengaged  during  the  entire  process,  and  haj^  a  strong  tendency 
tu  unite  with  the  potassimm,  forming  a  dangerously  explosive  compound- 
lk"f*»re  eonnoctingtlie receiver  with  the  tube  f/,  the  Ire  is  t«lowly  raised  till  the 
iron  bottle  nttaina  a  dull  red  heat.  Powdered  vilrefied  borax  is  then  sprin- 
kled upon  it,  which  melts  and  forms  a  eonting.  serving  to  protect  the  iron 
from  oxidation.  The  heat  ia  then  lo  bo  urged  until  it  is  very  intense,  care 
being  fnken  to  raise  it  ajf  equally  as  possible  throughout  every  part  of  the 
furniice.  When  a  f\jll  redd iwh- white  hent  is  attained,  vapors  of  potassium 
begin  to  appear  and  burn  with  a  bright  flume  The  receiver  is  then  a/ijunted 
(o  the  end  of  the  lube,  which  mti*it  not  project  more  than  a  i|Uarter  of  an 
inch  (hrouc^h  the  iron  plnte  forniiug  fhe  front  wall  of  the  furnace;  other- 
wi««  ihe  tube  is  Ituble  to  be  ohstrticted  by  the  Hccumulatinn  of  solid  polas- 
sium,  or  of  the  explosive  compound  above  mentioned.  Should  any  obstnio- 
tinn  occur,  it  must  be  removiul  hy  thrusting  in  an  iron  b»r,  and  if  this  fail, 
the  fire  must  be  immediiiiely  withdrawn  by  removing  the  bars  from  the  fur* 
nnce,  wirh  the  excepri«in  of  Iwn  which  support  the  iron  bottle.  The  receiver 
h  kept  cool  by  the  application  of  a  wcl  eloUv  lo  its  outside.  When  the  oper- 
»A.' —  |-^  complete,  the  receiver  with  the  po\A&&mm\aT%mck'««&^vtw^i  vmmedi- 
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fttcljr  plunged  into  a  vessel  of  rectified  Persian  naplilba  provided  wltli  a 
cover,  and  kept  cool  by  iinmerBicm  in  water.  When  the  apparalus  is  auffi- 
oienily  cooled,  the  potassium  m  d«taohcd  and  proaerved  lender  naphtha. 


Fijf.  162. 


J^.163. 


Z37 


If  the  potassium  be  wanted  absolutely  pure,  it  inuBt  be  afterwards  re- 
"  tilled  in  an  iron  retort,  into  which  wome  nuphtba  ban  been  put,  that  its 
ftpor  may  expel  1he  air^  and  previ'Ut  oxidmiun  of  the  nietiiL 
'Potassium  i»  a  brilliant  wbite  uietal,  wilh  a  high  degree  of  lustre ;  at  tho 
ommon  temperature  of  the  air  it  is  syft,  and  may  bu  eftj*ily  cut  with  a 
life,  but  at  U^  it  ia  brittle  and  crystalline.  It  melts  completely  at  02*5**, 
ad  dintils  at  ft  low  red  heat.  It  fioala  on  water,  ita  specifio  gratity  being 
Bly  0*8fl5. 

Exposed  to  tbe  air,  pota-sflium  oxidizpa  tnstantly,  a  taruiBh  cov(?riiig  (he 
arface  of  the  metal,  which  quickly  thickens  lo  a  crust  of  eaustic  potan^h. 
brown  upon  water,  it  takes  lire  epoiUaneously,  and  burii»  with  a  beautiful 
irple  fiame«  yielding  an  .ilkaline  solution.     When  it  \»  brought  into  croi- 

ct  with  a  little  water  in  a  jnr  standing  over  mercury,  the  li^juid  if*  deciuu- 
*  with   great  energy,  and   hydrogen   liberated.     Potassium  ia   alivayti 

eeerved  under  the  surface  of  uaphtlia. 

POTAsanJM  CntORTDE,  KCl.  ^Tbia  salt  is  obtained  in  large  qunniity  in 
be  manufacture  of  the  chlorate:  itt  in  easily  puritied  from  any  portionti  of 
be  latter  by  exposure  to  a  dull  red  hcatn  Within  ilic  luHr  few  yearn  largo 
liautitics  of  this  salt  have  been  ohtutned  from  seawuler,  by  a  peculiar 
ruces^  suggested  by  M,  Balard.*  It  is  also  contained  ju  kelp*  and  is  scp- 
atcd  for  the  use  of  the  alum-maker.  Considerable  quantities  of  it  aro 
obtained  from  the  sall-beda  of  Strafi?furt,  near  Magdeburg,  in  Prussia. 
Potajisiuni  chloride  closely  resembles  commoD  sali  in  appearance,  assum- 
'ike  that  Bubstance,  the  cubic  form  of  erystalliiation.  Tbe  crya- 
oWe  in  three  parts  of  cold,  and  in  n  much  Hmallt-r  quantity  of  boil- 
_  Aer:  they  arc  anhydrou«i,  have  a  simple  saline  laate,  with  slight  bit* 
Irnesa,  and  fuse  when  exposed  to  &  red  beat*  Pol«Bsium  chloride  is 
platilised  by  a  very  high  temperuture. 

PoTAisiiTM  loiiiPK,  KL— There  are  three  different  me tboda  of  preparing 
Ms  important  medicinal  compound. 

(I .)  When  iodine  is  added  lo  a  strong  solution  of  causlic  potash  free  from 
irbonate,  it  i»  dissolved  in  large  c|ui>ntily,  forming  a  colorkft*  %Q\vi\.\vi\i 
^  "    ag  potMaium  iodide  &Dd  lodate;  tbe  reaction  b  liie  &«,iii«  %A  Vo.  tV^ 
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analogous  case  with  chlorine.  When  the  solution  begins  to  be  permanently 
colored  by  the  iodine,  it  is  evaporated  to  dryness,  and  cautiously  heated  to 
redness,  by  which  the  iodate  is  entirely  conT>  rted  into  potassium  iodide. 
The  mass  is  then  dissolved  in  water,  and,  alFter  filtration,  made  to  crys- 
tallize. 

(2.)  Iodine,  water,  and  iron  filings  or  scraps  of  linc,  are  placed  in  a 
warm  situation  until  the  combination  is  complete,  and  the  solution  colorless. 
Tiie  rcHuIting  iodide  of  iron  or  zinc  is  then  filtered,  and  exactly  decomposed 
with  solution  of  pure  potassium  carbonate,  great  care  being  taken  to  avoid 
cxccHi*  of  the  latter.  Potassium  iodide  and  ferrous  carbonate,  or  ilnc  car- 
bonate, are  thus  obtained:  the  former  is  separated  by  filtration,  and  evap- 
orated until  the  solution  is  sufficiently  concentrated  to  crystallize  on  cooling, 
the  washings  of  the  filter  being  added  to  avoid  loss: 

Fel,    -f     COjK,     =     2KI    +    CO,Pe'^ 

(8.)  A  very  simple  method  for  the  preparation  of  potassium  iodide  has 
recently  been  proposed  by  Liebig.  One  part  of  amorphous  phosphorus  is 
added  to  40  parts  of  warm  water;  20  parts  of  dry  iodine  are  then  gradu- 
ally added  and  intimately  mixed  with  the  phosphorus  by  trituration.  The 
dark-brown  liquid  thus  obtained  is  now  heated  on  the  water-bath  until  it 
becomes  colorless;  it  is  then  poured  off  from  the  undissolved  phosphorus 
and  neutralized,  first  with  barium  carbonate  and  then  with  baryta  water, 
until  it  becomes  slightly  alkaline.  The  insoluble  barium  phosphate  is  fil- 
tered off  and  wasliod ;  the  filtrate  now  contains  nothing  but  barium  iodide, 
which,  when  tn^atcd  with  potassium  sulphate,  yields  insoluble  barium  sul- 
phate and  potassium  iodide  in  solution.  Lime  answers  nearly  as  well  as 
buryta. 

Potassium  iodide  crystallizes  in  cubes,  which  are  often,  from  some  unex- 
plaiiKMl  cause,  milk-white  aud  opaque:  they  are  anhydrous,  and  fuse  rea- 
dily when  heated.  The  salt  is  very  soluble  in  water,  but  not  deliquescent, 
when  pure,  in  a  moderately  dry  atmosphere:  it  is  dissolved  by  alcohol. 

{Solution  of  potassium  iodide,  like  those  of  all  the  soluble  iodides,  dis- 
solves a  large  quantity  of  free  iodine,  forming  a  deep-brown  liquid,  not 
decomposed  by  water. 

PoTAssii'M  Bromidr.  KBr. — This  compound  maybe  obtained  by  pro- 
cesses exactly  similar  to  those  just  described,  substituting  bromine  for  the 
iodine.  It  is  a  colorless  and  very  soluble  salt,  quite  undistinguishable  in 
appearance  and  general  characters  from  the  iodide. 

PoTASsirM  Oxides.  — Potassium  combines  with  oxygen  in  three  propor- 
tions, forming  a  monoxide,  OK^,  a  dioxide,  OjK^.  and  a  tetroxide,  04K^ 
besides  a  hydrate,  OKM,  corresponding  to  the  monoxide. 

Potattsium  monoxifie,  i  JK,,  also  calle<I  anhydrous  jwtas/t,  or  potassa,  is  formed 
when  potassium  in  thin  slices  is  exposed  at  ordinary  temperatures  to  dry 
air  free  from  carbon  dioxide ;  also  when  the  hydrate  is  heated  with  an 
equivalent  quantity  of  metallic  potassium: 

20Kn     4-     K,    =    20K,     -h     H,. 

It  is  white,  very  deliquescent   and  caustic,  combines  energetically  with 
water,  forming  potassium  hydrate,  and  becoming  incandescent  when  moist- 
ened with  it ;  melts  at  a  red  heat,  and  volatilizes  at  very  high  temperatures. 
OK 
The  dioxide  O^K,  or   I     is  formed  at  a  certain  stage   in  the  preparation 
OK 
of  the  tetroxide,  but  has  not  been  obtained  quite  pure.     By  carefully  reg- 
ulating the  heat  and  supply  of  air,  nearly  the  whole  of  the  potassium 
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may  be  conTerted  inio  a  white  oxide,  having  nimrly  the  comijosition  of  tJie 
dioride.     An  aqueous  aolulion  of  this   oiide   is   t'ormed   by  the   action  of 

0— 0— K 
Wttier  on  the  tetroxide.    The  Mroxiek,  O.K*,  or  |  ^  is  producftd  when 

0— O^K 
potAssium  is  burnt  in  excess  of  dry  air  or  oxygen  giis.  It  i»  a  chrome- 
jeltow  powilcr,  whieh  cukes  together  al,  iibout  liHlF.  It  ubaurbs  moisture 
TApidly,  and  is  decomposed  by  walfr,  giving  off  oxygen  nud  I'ormhig  a 
olution  of  the  dioxide.  When  gently  heated  m  a  Htream  of  carbon  men- 
Lide,  it  jieldii  potav'tmutn  carbonate  and  two  atoms  of  oxygon: 

O^K,     -\-     CO     =     COjK,    -f     Oj: 

Ith  carbon  dioxide  it  acts  in  a  similar  manner,  giving  off  three  atoms  of 
sygen.* 

PoTA-HaiUM  Hydratk,  OKH,  commonly  called  caustic  potash ^  or  potaeta^  is 

'very  importniit   pnhstance,  and  one  of  great  praclleal  utility.     It  is  al- 

yft  prepared  for  nse  by  decomposing  the  CJirbonate  with  calcium  hydrate 

aked  lime),  as  in   the  following  pr^cesi?,  wliit-h  is  very  convenient:   IQ 

lirts  of  potassium  carbonate  are   dissolTcd  in    lUti  purts  of  water^  and 

lated  to  ebullition  in  a  clean  nntinned  iron,  or,  still  better,  adver  veascl; 

parts  of  good  qjtiicklime   are  meanwhile  slaked  in  a  covered   ba^in,  and 

le  rc?'ulttng  calcium  hydrate  added,  little  by  little,  to  the  boiling  solution 

carbonate^  with  frequent  stirring.     When  all   the  lime  ha^  been  intro- 

iced,  the  mixture  is  suffered  lo  hoi!  for  a  few  minutes,  and  then  removed 

m  the  fire  and  coTcred  up.     In  the  course  of  a  wry  Hhurt  time,  the  so- 

ion  will  have  become  quite  clear^  and  fit  for   decantation,  the   calcium 

bonato,  with   the   excess  of  hydrate,  settling  down  as  a  lieavy^  sandy 

ipitAte.     The  solution  should  not  effervesce  with  ncids 
It  is  essential  tn  this  proccHH  that  the  solution  of  pota.«.«inm  carbonate  be 
utc.  otherwise  the  decom posit i»>n  bvcomes  itnperfuet.    The  proportion  of 
e  recommended  is  mnch  greater  than  that  required  by  theory »  but  it  is 
[ways  proper  to  have  an  excess. 

The  solution  of  pota«sinm  hydrate  may  be  concentrated  by  quick  evap- 
arion  in  the  iron  or  silver  vessel  to  any  desired  extent ;  when  liiNited 
til  vapor  of  water  censca  lo  be  disengaged,  and  then  suffered  to  cool,  it 
rnishes  the  solid  hydrate,  OKII^  or  OK^.OIl^. 

Pure  potassium  by  drat  e  is  also  easily  obtained  by  heating  to  redness  for 
klf  an  hour  in  a  covered  copper  vcsMd,  one  purt  nf  pure  powdered  nitre 
ilh  two  or  three  partu  of  finely  divided  copper  foil.  The  muss^  when 
bl,  is  treated  with  water. 

potassium  hydrate  is  a  white  solid  Buhstancc,  very  deliquescent  and  aol- 
le  in  water;  alcohol  aUo  dissolves  it  freely*  which  is  the  case  with  coiu- 
ratively  few  potassium  compounds ;  the  solid  hy<lratc  of  commerce,  which 
very  impure,  may  tlins  be  purified.  The  solution  of  this  suhstuuce  pos- 
sesses, in  the  very  highest  degree,  the  properties  termi^d  alkaline:  it  re- 
stores the  blue  color  tu  litmus  which  has  been  reddened  by  au  acid;  neu- 
fmliies  completely  the  most  powerful  acids;  has  a  nauHeous  and  peculiar 
tu*i(^;  and  di]i«<olves  the  skin,  and  many  other  organic  matters,  when  the 
Iter  are  subjected  to  its  action.  It  is  frequently  used  by  surgeons  as  ft 
iilery,  heini^  inotdded  if»tt>  liitle  sticks  for  that  purpose. 
Potaasium  hydrate,  both  in  (he  solid  Plate  and  in  solutioii.  rapidly  absorbs 
carbonic  acid  from  the  air;  hence  it  muitt  be  kept  in  closely  stopped  bot- 
parcd,  or   pjirtially   altered  by  exposure,   U 


flterresces  with  an  ueid. 
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ftniklogoiiB  CII8C  with  chlorine.     When  the  soluricm  bt>ginA  lo  he  permaaently 
colored  by  the  ioUine,  it  ia  cvaporaied  lo  dr)'ru'i«»,  autl  ciiutioiirtly  bcwtcd 
rtMlnej!i»,  hy  wliieh  th«  iuibite  is  entirely  conv<  ried  into  potiiM.sium    iodid 
Tho   nifisM  is  then  diAtnoWed  in  water,  arid^  lifter  illrtttion,  made  to  cry 
tallize. 

(2.)  Iodine,  water,  and  iron  filings  or  scraps  of  zinc,  are  placed  in 
warm  sitnntion  until  tbt-  combination  ia  compluto,  and  the  solutiuu  eolorlesa^ 
The  H't^tdting  it^didc  of  iroti  or  ziot*  i»  Own  filtered,  and  estaetlv  deeompOMed 
with  sohition  of  pure  potassium  carbonate,  great  care  ho\u^  tuk^n  lo  avoid 
excess  of  the  latter.  PotflB^ium  iodide  and  ferrtma  curb<iniiK\  or  iinc  car- 
bonate, are  thus  obtained:  the  former  h  separated  by  filtration,  and  cva 
orated  until  the  solution  is  t«ufliciently  concentrated  to  cryHtallize  oncoolinj 
the  washings  of  the  tilter  being  added  lo  avoid  loss: 

Pel^     +     COjK,     =     2KI     -f-     COaFo^'. 

(3.)  A  very  aitnple  methoil  for  iho  preparation  of  potaHsium  iodide  hai 
recently  been  propuj»ed  hy  Liebig.  (Jne  part  of  amorphous  phosphorus  iB 
added  t*>  40  parts  of  warm  water;  20  parts  of  dry  iodine  are  then  gradu- 
ally added  anrl  intimaltdy  mixed  witb  the  phosplionnj  by  triturotioii.  The 
dark-brosvn  li(|uid  thus  obtained  is  now  heated  on  the  water-bath  until  it 
becomes  colorle»!i;  it  is  then  poured  off"  from  the  undi^^ii^olved  pho.*<phorui|J 
and  neutrallited,  lirst  with  barium  carbonate  and  then  with  buryta  watery 
until  it  becomes  slightly  atkalitie.  The  insobdde  burium  phosphate  is  liU 
tcrcd  oS  and  washed:  t}w  liltrnte  now  eontaina  nothing  but  hariiLin  indidO|| 
wliich,  when  treated  with  potassium  sulphate,  yields  insoluble  barium  suJ 
phate  and  poiai^^iuni  iodide  in  solutioti.  Limis  answers  nearly  as  well 
briryta, 

Potasf^ium  iodide  crystallises  in  cubes,  which  are  often*  from  some  unci 
pb'iinc'l  cause*  milk-white  and  opai|ue:    they  are  anbydiotis,  and  fuse  rea^^ 
ddy  wlieu  heated.     The  salt  is  wry  soluble  in  water,  but  not  dcliquesccwl, 
when  pure,  in  a  moderately  dry  afmospliere:  it  ts  dissolved  by  alcohol. 

i^olution  of  potajtMUiini  iodide,  like  thopc  of  all  the  soluble  iodides,  dia- 
solves  a  large  (|uantity  of  free  iodine,  forming  a  deep- brown  liquid,  not 
decotnpoaed  by  water, 

PoTASJtirM  BBosirPK,  KBr. — Thia  compound  maybe  obtained  by  pro- 
CeB«e8  exactly  similar  tf>  those  just  described,  substituting  bromine  for  tha: 
iodine.     It  i»  a  colorless  and  very  goluble  Wili»  quite  undistinguiBbable  ii 
appearance  and  general  eharactors  from  the  iodide. 
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FoTAssirw  OxiDKfi.  —Potassium  combines  with  oxygen  in  three  propor 
tions,  forming  a  monoxide,  (FK^,  a  dioxide,  d^K...  and  a  tetroxide,  O^K^ 
beiides  a  hydra! e.  OKU,  correspomling  to  ilie  monoxidts 

Potasirium  muftnxifir,  nK^.  also  called  nnh/droun  potux/i,  or  potm^a,  informed 
when  potassium  in  thin  slices  ij*  expoi*ed  at  ordinary  temperatures  to  dry 
air  free  from  earbon  di\ixide;  al*o  when  thts  hydrate  is  heated  with  an 
cqutTalent  quantity  of  metallic  potassium : 

20KH     +     K,    =     20K^    -^    H^ 

It  is  while,  very  delifineseent  and  caiiRtic.  combines  energetically  with 
water^  forming  potassium  hydrate,  and  brroming  incandej*eeut  when  cioist- 
ened  with  it;  melts  at  a  red  heat,  and  volaliliies  at  very  high  temperatures. 

OK 
The  dt&jpifie  0,K,  or   J     is  formed  at  a  certain  stage   in  the  preparation 

OK 
*•  ihe  tetroxide.  but  has  not  been  obt&med  qmU  ^\«^.    "^1  cM%t\\\Vj  t*^^ 
tiing  the  h^mt  and   supply  of  air,  netarly  t\ie  ^\itA*  ^t  vVi*  ^<iV*fe^Viim 
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m^y  be  GonTerl44  l&lo  %  wbilc  oxide,  haTing  ni^arlj  Iho  compoaition  of  the 
dioxide.     An  aqueous  Boluliuu  of  IhiH   oxide    is   TortniHl   by  Ike    action  of 

irater  on  the  tetroxido.    The  ietr&xiik,  O^R,,  or  1  ,  is  produced  when 

6—0— K 
poUasiiim  is  burnt  in  oxccss  of  dry  air  or  oxygc«n  ga^«  It  is  m  ohrome- 
jcUow  powder^  which  cakes  together  ai  ahout  280°.  It  absorbs  momturo 
rapidly,  and  is  decomposed  by  water,  giving  off  oxygen  and  forming  a 
Bolution  of  the  dioxide.  When  gently  lieated  in  a  »lream  of  ciirl>on  mon- 
oxide, it  yields  potas8ium  carbonate  aud  two  atomei  of  oxygen: 

0^14     +     CO     =     COjK,     +     O,: 

with  carbon  dioxide  it  acts  in  a  similar  manner,  giving  off  throe  atoma  of 
oxygen.* 

PoTAJ<siitM  Hydrate,  OKH*  conifQonly  called  camtk potaah,  or  potana^  is 
lb  Tery  important  substance,  and  one  of  great  practical  utility.  It  ia  al- 
ways prepared  for  use  hj  decomposing  the  crtrhoiiate  with  cakium  hydrate 
(filaked  lime],  as  in  tbe  following  process,  which  is  very  convenient:  10 
parts  of  potassiuoi  carbanate  are  dissolved  in  100  ((arts  of  water,  and 
heated  to  ebullition  in  a  clean  untinned  iroUt  or,  ;4till  belter,  Kilver  vessel; 
8  parts  of  good  (|uicklirae  arc  niennvvhile  slaked  in  a  covered  basin,  and 
the  resulting  calcium  hydrafe  added,  litilc  by  lilile,  to  the  boiling  solution 
of  carbonate,  with  frequent  stirring.  When  all  the  lime  hn8  been  intro- 
diiecd.  the  mixture  ta  suffered  fo  boil  for  a  few  minutes,  and  ihcu  removed 
from  the  fire  and  covered  up.  In  the  course  of  a  very  *«hrvrt  time,  the  bo- 
httion  w*ill  have  become  quite  clear,  and  fit  for  decant ation,  the  calcium 
carbonate,  with  the  excess  of  hydralo,  settling  down  as  a  heavy,  sandy 
precipitute.     The  solution  should  not  effervesce  with  acids. 

It  19  essential  in  this  process  tliat  the  s<dulion  of  potaKF^ium  carbonate  be 
dilute,  otherwihc  the  decomposition  becomes  imperfect.  The  proportion  of 
lime  recommended  is  much  greater  ihnu  that  required  by  theory,  but  it  ia 
always  proper  to  have  an  excess. 

The  Holution  of  potassium  hydrate  may  be  concentrated  by  quick  evap- 
oration  in  the  iron  or  t^ilveir  vessel  to  any  desired  extent ,  when  heated 
uuti)  vapor  of  water  ceases  to  bo  disengaged,  aud  then  suffered  to  cool,  it 
furnishes  the  solid  liydnite,  OKU,  or  OKj.OHj. 

Pure  potas?^iiim  hydrate  is  also  easil3'  obtained  hy  beating  to  redncBfl  for 
half  an  hour  in  a  covered  copper  vessel,  one  part  of  pure  powdered  nitre 
with  two  or  three  parts  of  finely  divided  copper  foil.  The  mass,  when 
cold,  ia  treated  with  water. 

PotaBsiam  hydrate  is  a  white  solid  substance,  very  deliquescent  and  sol- 
uble in  water;  alcohol  also  dissolves  It  freely,  which  is  the  €a»e  with  com- 
paratively few  potnssiiim  compounds:  the  solid  hydrate  of  commerce,  which 
is  yery  impure,  may  Ihus  be  puritied.  The  solution  ofthii*  suhslance  pos- 
eesseif,  in  the  very  highest  degree,  the  properties  termed  alkaline:  it  re- 
■lores  the  blue  color  to  litmus  %vhich  has*  been  reddened  by  an  acid;  neu- 
tralises com  pl*^(cly  the  most  powerful  acids:  has  a  nauseous  and  peculiar 
taste;  and  dissolves  the  skin,  and  many  other  orgnnie  matters,  when  the 
latter  are  Bu!»jecled  to  its  action.  It  is  frequently  used  by  surgeons  as  a 
oauterj,  being  moulded  into  little  sticks  for  thai  purpose. 

Potaaeium  hydrate,  both  in  ihe  solid  state  ami  in  solution,  rapidly  absorbs 
carbonic  acid  from  the  liir;  henci*  it  iiuist  be  kept  ni  closely  ato|'ped  hol- 
tles.  VVh^n  imperfectly  prepared,  or  partially  altered  by  exposure,  it 
efTervesees  with  an  acid, 

•  Uartourt,  CiiMin  Sor.  Juara.  xiv.  Wt 
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This  oompound  is  not  decomposed  bj  heat,  bat  ToUtiliies  undecomposed 
at  a  very  high  temperature. 

The  following  table  of  the  densities  and  yalue  in  anhjdrous  potassium 
oxide,  OKy  of  different  solutions  of  potassium  hydrate,  is  given  on  the 
authority  of  Dalton: 


DeiMity. 
1-68 
1-60 
152 
1-47 
1-44 
1-42 
1-30 
136 


Ferceotageof 

OKt. 
.     6f2 

46-7 
.    429 

89-6 
.    86-8 

34-4 
.    82-4 

29-4 


Dendty. 
1-88 
1-28 
1-28 
M9 
115 
111 
1-06 


Percentage  of 

OKa. 

.    26-3 

23-4 

.    19-6 

16-2 

.    18-0 

96 

.      4-7 


Potassium  Kithats;  Nitbs;  SALTPETas,  NO^  =  N0,(0K). — This  im- 
portant compound  is  a  natural  product,  being  disengaged  bj  a  kind  of 
efflorescence  from  the  surface  of  the  soil  in  certain  dry  and  hot  countries. 
It  may  also  be  produced  by  artificial  means  —  namely,  by  the  oxidation  of 
ammonia  in  presence  of  a  powerful  base. 

In  France,  large  quantities  of  artificial  nitre  are  prepared  by  mixing 
animal  reftise  of  all  kinds  with  old  mortar  or  ofdcium  hydrate  and  earth, 
and  placing  the  mixture  in  heaps,  protected  from  the  rain  by  a  roof,  but 
freely  exposed  to  the  air.  From  time  to  time  the  heaps  are  watered  with 
putrid  urine,  and  the  mass  turned  over,  to  expose  fresh  surfaces  to  the  air. 
When  much  salt  has  been  formed,  the  mixture  is  lixiriated,  and  the  solution, 
which  contains  calcium  nitrate,  is  mixed  with  potassium  carbonate ;  calcium 
carbonate  is  formed,  and  the  nitric  acid  transferred  to  the  alkali.  The  fil- 
tered solution  is  then  made  to  crystallize,  and  the  crystals  are  purified  by 
re-solution  and  crystallization,  the  liquid  being  stirred  to  preyent  the  for- 
mation of  large  crystals. 

The  greater  part  of  the  nitre  used  in  this  country  comes  from  the  East 
Indies:  it  is  dissolved  in  water,  a  little  potassium  carbonate  added  to  pre- 
cipitate lime,  and  then  the  salt  purified  as  above. 

Considerable  quantities  of  nitre  are  now  manufactured  by  decomposing 
native  sodium  nitrate  (Chile  saltpetre),  with  carbonate  or  chloride  of  po- 
tassium. In  Belgium  the  potassium  carbonate  obtained  from  the  ashes  of 
the  beetroot  sugar  manufactories  is  largely  used  for  this  purpose ;  the  po- 
tassium nitrate  thus  prepared  is  very  pure,  and  is  produced  at  a  low  price. 

Potassium  nitrate  crystallizes  in  anhydrous  six-sided  prisms,  with  di- 
hedral summits,  belonging  to  the  rhombic  or  trlmetric  system :  it  is  soluble 
in  7  parts  of  water  at  15-5^,  and  in  its  own  weight  of  boiling  water.  Its 
taste  is  saline  and  cooling,  and  it  is  without  action  on  vegetable  colors.  At 
a  temperature  below,  redness  it  melts,  and  by  a  strong  heat  is  con;pletely 
decomposed. 

When  it  is  thrown  on  the  surface  of  many  metals  in  a  state  of  fusion,  or 
when  mixed  with  combustible  matter  and  heated,  rapid  oxidation  ensues, 
at  the  expense  of  the  oxygen  of  the  nitric  acid.  Examples  of  such  mixtures 
are  found  in  common  gunpowder,  and  in  nearly  all  pyrotechnic  compositions, 
which  bum  in  this  manner  independently  of  the  oxygen  of  ihe  air,  and 
even  under  water.  Gunpowder  is  made  by  very  intimately  mixing  together 
potassium  nitrate,  charcoal,  and  sulphur,  in  proportions  which  approach 
2  molecules  of  nitre,  8  atoms  of  carbon,  and  1  atom  of  sulphur. 

These  quantitieB  give,  reckoned  to  100  parts,  and  compared  with  the 
proportions  used  in  the  manufacture  of  tVie  Eni^Uah  Qovernment  powder,* 
^e  fo/lowing  results : 

•  Dr.  M'Culloch,  Encyclop»«\la  BT\\»)au\ca. 
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Potassium  nitrate         .        74-8        ,        76 
Clmrcoal  .         .         .     13  3    .         .    Ifi 

Sulphur        *        .        *        11*9        .        10 

1000  100 

The  nitre  is  rendered  very  pure  by  the  meft&s  ulready  nienHoncd*  freed 
from  wnicr  b}'  fij8ion,  nmJ  ground  to  fine  powJer;  Ibe  sulpbiir  uud  cliHr- 
coftl,  the  Utter  b«iog  made  from  H^rht  wood,  ue  dogwood  or  ftlder,  iirt?  iilr^o 
finuljr  gruund,  after  wliich  liie  niateritilH  iiri.'  weiglieri  out,  uioii4ieMe>t  with 
walvr,  anJ  tlioroughlv  mixL*d  l»y  griuiiiug  umirr  nn  iHigC'ridlL  Tlit*  rnnss 
is  then  subjt^oted  in  };rti«r  preswure,  und  the  luillcnke  lliua  produced  hr«>kfii 
in  piece?,  mnl  pla(?i»d  in  sieves  mude  of  per fu rated  vellum,  moved  by 
mjichinery^  each  containing,  in  nddiiton.  a  round  pie<!e  of  beiivy  woo<L 
Tlie  grains  of  powder  broken  off  by  nitriiiion  fall  llirongh  the  \mU'»  m  iho 
skin,  and  are  eai^ily  scpiimted  from  (he  dust  by  inlting.  The  jtowdr^r  is, 
lastly,  dried  by  exposure  to  <^teani-liefit,  nnd  sometimeii  glazed  or  polisbcd 
by  agitntion  in  a  kiml  of  ntsk  mounted  on  an  axb. 

It  was  formerly  j<up|w^Med  that  when  gunpowder  is  Hred,  the  whole  of  Ihe 
oxygen  of  the  polrisi»inm  nitrniie  was  rmnsferred  to  (he  carb<»n,  forfrting 
carbon  diostdet  tho  sulphur eombining  with  (he  |iotas<«iiim,  and  the  nitrogen 
being  set  free.  There  is  no  doubt  (hut  tbis  reaction  doe^i  take  plact«  to  a 
considerable  extent,  an<J  tha(  tlie  large  volume  of  ga»  (hu»  produced,  and 
Si  ill  furl  her  expanded  hy  the  v<?ry  exulted  temperature,  sufficiendy  ncconnta 
for  the  exploBiire  effect^  IJiit  recent  invej*(igationw  by  Buiisen.  Karcdyi, 
and  others,  have  shown  that  tht*  actual  produe(j*  of  the  combu8(ioii  of  gun- 
powder arc  much  mr>re  cofjipliea(ed  than  this  theory  would  indicate,  a  very 
large  number  of  jiroduet"-  being  formed,  and  a  conMiderahle  por(iou  of  (ho 
oxygen  being  irfinnfcrred  to  (he  |u>fn!tsium  sulphiile,  converting  it  into  i^ul- 
plmte,  whieh,  in  faet,  conndtiiteft  the  chief  portion  of  the  solid  residue  and 
of  the  smoke  formed  by  the  explosion.* 

PoTASsirM  Chlobatf,  ClOjK  r=  nryOK).  —  The  theory  of  the  produc- 
tion of  chloric  acid,  by  the  action  of  chlorine  gas  on  a  solution  of  caustic 
potASsa,  has  been  already  expluineil  (p.  187). 

Chlorine  ga»  is  conducted  by  a  wide  tube  into  a  strong  and  warm  solu- 
tion of  potassium  carbonate,  until  absorp(i€)ti  of  the  gaa  ceases;  and  the 
liquid  is,  if  nece,«*tftry,  evaporated,  and  then  allowed  to  cool,  in  order  that 
the  slightly  soluble  chlorate  may  cryatalliie  out.  The  mother-liquor  atfords 
A  second  crop  of  crystals,  but  they  are  much  more  contuminated  by  potas- 
sium chloride.     It  may  be  puriHed  by  ono  or  two  re-cryst alligations, 

Potussinm  chtoratc  is  aoluble  in  about  20  parts  of  cold  and  "J  of  boiling 
water:  the  crystals  are  anhydrous,  flat^  ami  tabular;  in  tai*te  it  somewhat 
resembles  nitre.  When  heated,  it  gives  off  the  whole  of  its  oxygen  gas 
Sind  leaves  potassium  chloride.  By  arresting  the  decompoAiiion  when  the 
evolution  of  gas  begins  to  slacken,  and  redissolving  the  s&U,  potussium  per- 
chlorate  and  chloride  may  be  obtained. 

This  salt  deflagrates  violently  with  combui^tible  matter^  explosion  often 
occurring  by  friction  or  blows.  When  about  one  grain-weight  of  chlorate 
and  an  equal  quantity  of  sulphur  are  rubbed  in  a  mortar,  the  mixture  ex- 
plodes with  ft  loud  report:  hence  it  cannot  be  useil  in  the  preparation  of 
gunpowder  iustead  of  the  nitrate.  Potassium  chlorate  is  now  a  large  article 
of  commerce,  being  employed,  together  with  phosphorus,  in  making  instftn- 
taneous-lighl  matches^ 

POTAflSirJi  PEBVilLOKATM,  CIOfi=z  C\0^{OK),^TtClh%?\i)\^\i^^XlLiSx^'^'% 
•  8m*  H'aKmm  ZWcKoitiirj  of  rb«»mUtr>,  t«V.  U.  v-  ^»**» 
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noticed  under  tbc  he«d  of  percbloric  acid.  It  is  best  prepared  by  project*! 
w>g  powderfil  potju«?ium  chlorate  into  warm  nitric  acid,  wben  the  eUlo-J 
rJc  acid  is  resoUtnl  imo  perchloric  acid,  chlorine  and  oxygen  gases.  Th«] 
salt  is  separated  bTcrystallitaiion  from  the  nitrate.  PoliiSsiuDi  pcrchlorat€»I 
is  a  Tery  sligbily  goluble  ?all :  it  rt'f|uires  oo  porta  of  cold  water,  but  ml 
wore  freely  taken  «p  at  a  boiling  heat-  The  crjftalji  arc  fitnall,  and  hav«] 
the  figure  of  an  octohedron  with  square  base.  It  ia  decomposed  bj  beat,  inJ 
the  same  m&nner  as  the  chlorate. 


PoTASsrtrit  CABBoifAHR«.*— Potassium  forms  two  well-defined  carbonates,  I 
namely,  a  normal  or  neutral  carbonate,  CO^K^  and  an  acid  ealt  cotitaining] 

A'ormal  potm»ium  earhonate,  or  dipoiaMsic  carbonate  =  COj  OKI,  ^=  COj.OE^I 
Potasalum'Sallfl  of  Tegetable  acids  are  of  coiislant  occurrence  in  planL%1 
where  they  perform  important^  but  not  yet  perfectly  understood  fiiiiction«1 
in  the  economy  of  those  beings.  The  pota-^sium  is  derived  from  the  soiU  J 
which,  whon  capable  of  supporting  tegctaWe  life,  always  contAin.««  that  sub-] 
stance.  When  plants  arc  burned,  the  organic  acids  are  destroyed,  umi  lh«  J 
potassium  is  left  in  the  BtAte  of  carbonate. 

U  in  by  those  indirect  means  that  the  carbonate,  and,  tn  fact,  nearly  all] 
the  salts  of  potassium^  are  obtained,  Tbe  great  natural  depository  of  thtt] 
alkali  is  the  felspar  of  granitic  and  other  unstraiified  rocks,  where  it  igJ 
combined  with  silica,  and  in  an  iiisoluble  state.  The  eitroction  thence  mi 
attended  with  great  difficulties,  and  many  attempts  at  maniifaciuring  it  ottl 
ft  large  scale  from  this  source  have  failed;  but  experiments  quite  recently] 
made  by  Mr.  T.  0.  Ward  appear  to  indicate  that  the  object  may  be  aoeora^  I 
pli^hed  by  fueling  potossio  rocks  with  a  mixture  of  calcium  carbonate  and] 
fluoride.  There  are,  however,  natural  processes  at  work,  by  which  tha 
potash  is  constantly  being  eliminated  from  these  rocks  Under  llie  infla*  I 
enee  of  atmospheric  agencies,  ihei^e  rocitg  disintepraie  into  soils,  and  as  the  1 
alkali  acquires  solubility,  it  is  gradually  tnkcn  up  by  plants,  and  accumur  I 
latcs  in  their  substance  in  a  condition  highly  faTorable  to  its  subsequent  J 
applicatious. 

I'otassium'Sattfl  are  always  most  abundant  in  the  green  and  tender  p«rtil 
of  plants,  as  may  be  ex|iected,  since  from  those,  cvaporaiiun  of  nearly  pur»i 
water  lakes  pbice  to  a  large  extent :  the  t^olid  timber  of  forest *trcev«  eoutainirl 
comparatiTply  litfle. 

In  prepnrtng  the  salt  on  an  extcnsiTe  scale,  the  ashes  are  subjected  to  \ 
process  ottHt'<l  lixiviaTion :  they  are  put  into  a  large  conk  or  tun,  having  am} 
aperture  near  the  bottom,  stopped  by  a  plug,  and  a  qunntiiy  of  water  isJ 
added.     After  some  honrs  the  liquor  is  drawn  oW,  and  mure  water  addetl,  / 
that  the  whole  of  the  soluble  matter  may  be  remoYcd.     The  weakesl  solu- 
tions arc  pfuirc^d  upon  tVesh  quantities  of  ash,  in  place  of  water,    Thetisdu-^J 
tioiis  are  then  evaporated  to  dryness,  and  the  residue  calcined,  to  rt-nutve  ft] 
liJlle  brown  orgnnic  maMcr:   the  prr>dui:i  is  the  crnrlt*  potash  or  |!fiirk?*!l1 
of  comnieree.  of  which  very  larg«»  quantities  are  obCHined  from  Hns!«ia  antlJ 
America,    This  salt  ia  very  impure :  it  contains  potassium  silicate,  sulphate 
chloride,  kc. 

The  purified  pol>issium  carbonate  of  pharmacy  is  prepared  from  the  erndtil 
article   by  adding  an  equal  weight  of  cold  watvr,  iifiUultng  iiud  tillering;? 
most   of  the  foreign  salts  are.  from  their  inferior  degree  *>f  s^olubility,  U'flJ 
behind.    The  soluli«in  ia  ihcn  boiled  down  ton  very  wmriU  bulk,  and  i^nflV-redJ 
to  cool,  when  the  enrbonale  sepamtes  in  !»mnll  eryatala  contrtioinjr  H  nude 
cules  of  water,  CO^K^  2011,;  these  are  drained  from  the  mother-liquor,  and 
ilten  drteii  in  n  slove, 
A  stjj]  purer  mil  may  be  obtained  by  eitposvng  to  a  red-heat  purified  cream 
of  t^rijir  (acid  ptHfi»siuin   tart  rale),  at^d  separi^Uiv^  tW  CMWiiii.\ft^^  xk'aXs*.- 
lion  in  ^rmter  and  crystAlliialioD,  or  e^apftviiVWu  to  iXv^Xkeaa, 
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I.  Potaisium  carbonate  b  citiremely  4lelii|iiesoeat^  anil  solitble  in  less  than 
'  its  owft  wtsigbt  of  Wttler:  the  solution  is  liigblj  alkalints  to  tuHr-pafjer.  It 
18  insoluble  ju  ulcohoL  Oj  heat  the  wutei*  of  crjt^tailuation  i^  drivan  off, 
Anil  by  A  temperntiire  of  full  igniiion  tlic  anil  la  fiiaed,  but  not  otUerwiHO 
changed.  Tliid  fiubdliiQoe  is  largely  u»cd  iti  the  arts,  and  h  a  compound  of  J 
greifct  imporLauco.  ^ 

L       Add  poiatsium   carbonate^  Bydroyeti  poitUMum  carbonate,    or  Mono-pohumk 
m  €arbonatr^  CO^KH  =:COj|KHO|;  commonly  called  bicarbonafr  o/  podi^h.— 
'  When  ti  strcjim  of  carbonic  acid  gaa  h  pasaed  through  u  cold  solution  of 
poirtTisritiTn  carbonate,  the  gna  is  rapidly  absorbedj  and  a  white,  crystulline, 
und  tc3s  soluble  t*ubsLance  separated,  which  ia  the  acid  salt.    It  is  c<dlccted^ 
I  pressed,  re-disaolved  in  worm  water,  and  the  solution  left  to  crystalliie. 
I       Acid  potassium  carbonate  it)   mueh   }ci*H  itoluble  than  the  normal  carbon* 
l^te:  it  requires  for  ihat  purpose  4  piirts  of  cold  water.     The  solution  is 
I II early  neutral  to  test-paper,  atid  has  a  riiucdt  milder  tafte  than  the  nornuiil 
I  salt      When  boilwl  it   (;ivua   off  ciirbon  dioxiilc.     The  crystals,  which  are 
I  large  and  beautiful,  derive  tlieir  fono  from  a  monoclinic  prism:   tbey  are 
■   decompoHiid  by  hetit,  water  and  carbon  dioxide  being  evolved^  and  normal 
carbonate  leA  behind: 

I  2CUjKH     =.     CO^Kj     -I-     OH,     +     CO^. 

W  PotASBiuM  Sulphates.  —  l*otaBf<ium  forme  a  normal  or  neutral  sulphate, 
Ftwo  acid  Milpbates,  and  an  antiydrostilphaie. 

I-  yurmnl  p^/tni^tum  sufphntf^  or  ihp<pttiS9k  tulphatr,  BO4K,  =r  BOj(OK)|  ^ 
I^O,OK^„i!3  ohtaineil  by  neuiraliyang  the  iicid  residue  letr  in  the  retoK  ulicn 
luitrie  acid  if  prepnrod,  with  crude  putaH^iiini  carbonate  Tlic  sidution 
I  yields,  on  cooling,  bard  iranj^pareut  crj^^tuh  of  tlie  nrulrul  jaulpbale,  which 
I  may  be  re-disaolved  in  boiling  water,  and  recryftalliied. 
I  Potassium  sulphate  is  sobjble  in  about  It)  pnrln  of  cold,  and  In  a  mucll 
I  ^mailer  quantity  of  boiling  water:  it  hai  a  bitliT  taste,  and  in  neutral  to 
l%est'paper.  The  crystals  are  combinaitims  oi  rl*ombic  pyramids  and  prisuis, 
I  inucb  resembling  thuae  of  quartz  in  figure  and  appearance:  they  arc  anhy- 
Nrou*<,  and  decrepitate  when  suddenly  heated,  wJiich  is  often  the  *.*asc  with 
halts  containing  no  water  of  crystallixation.  They  arc  quite  insoluble  in 
■Itlcohol. 

I  Arifi  potoMnium  sulphate.  Ifi/dro^en  and  potaatium  Jfufpftatr^  or  Afonopotatne 
mtifphate,  SO^tCH  =  80j(aK)(aH)  ^  SO,.OKH,  commonly  called  htmlphaU 
miof  pottinh.  —  To  obtain  tills  salt,  the  neutral  sulphate  in  powder  is  mixed 
liritli  half  its  weight  of  oil  of  vitriol,  and  the  whole  evaporated  quite  la 
lllrynes*!  in  a  platinum  vessel,  placed  under  a  chimney:  the  fused  salt  in 
■•dissolved  in  hot  water,  and  left  to  crystallize.  The  crymals  have  tbc  figure 
I  of  Hiittened  rhombic  prisms,  and  arc  much  more  soluble  than  the  neutral 
I911U.  requiring  only  twice  tiieir  weight  of  water  at  li">  5^  and  less  than  half 
I  III  it  *|uantiiy  at  100°.     The  solution  has  a  sour  taste  and  strongly  acid 

I  Another  acid  tufphate,  containing  (SO^l^K^Hj  or  2SO^K^,S04H,.  crystal- 
plUing  in  fine  needles  resembling  asbestos,  was  obtained  by  I'hillips  from  Iho 
raitric  acid  resi<luc,  JacqueUin  waa  unsiicoeAsful  iA  his  attempts  to  repro- 
Ifluce  this  compound. 

i  Ttie  anhtfdtitAulphalt,  S(>;K.^.SO,  =  280,  OK^,  commonly  called  anhf/drou^ 
nMt^fphattt  of  poUuh,  is  obtained  by  dissolving  equal  weights  of  the  normni 
Ihjtlpbate  and  oil  of  vitriol  in  a  small  f|uaurity  of  warm  distilled  water,  and 
Hp^ng  the  solution  to  cool  The  anhydrous  sulphate  cry^talVijicM  out  in 
EVin^  delicate  needle,^,  which  if  k-ft  for  !<cveral  days  in  t\\i  \\\t>\Vv<;TA\^WAV^ 
disappear,  and  gi re  place  to  cry^tnU  of  the  ordinary  ac'vA  ftwVvWV'i  li^tiQ^^ 
dMriboii,     This  salt  is  dceomposeil  hj  a  large  tiviatilily  ot  Yifk\«T.* 

^^K  ♦  J«qrtteJiiin,  AniL  Chim.  Phya,  [81,  yoV  yVU  ^  ZVL. 
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Potassium  Sulphtdes.  — Potassium  heated  in  sulphur  vapor  bums  with 
great  brilliancy.  It  unites  with  sulphur  in  five  diffcreut  proportions, 
forming  the  compounds  SK,,  ^i^j*  ^fir  ^fiv  ^^i«  ^^^  ^  sulph-hjdrate, 
SKH. 

Monowlphidcj  SK,.  — It  is  doubtful  whether  this  compound  has  been  ob- 
tained in  the  pure  state.  It  is  commonly  said  to  be  produced  by  heating 
potassium  sulphate  in  a  current  of  dry  hydrogen,  or  by  igniting  the  same 
salt  in  a  covered  vessel  with  finely  divided  charcoal ;  but,  according  to 
Bauer,  one  of  the  higher  sulphides  is  always  formed  at  the  same  time,  to- 
gether with  oxide  of  potassium.  The  product  has  a  reddish-yellow  color, 
is  deliquescent,  and  acts  as  a  caustic  on  the  skin.  When  potassium  sulphate 
is  heated  in  a  covered  crucible  with  ezoess  of  lamp-black,  a  mixture  of  potas- 
sium sulphide  and  finely  divided  carbon  is  obtained,  which  takes  fire  spontane- 
ously on  coming  in  contact  with  the  air.  The  monosulphide  might  perhaps 
be  obtained  pure  by  heating  1  molecule  of  potassium  sulph-hydrate,  KHS, 
with  1  atom  of  the  metal. 

When  sulph-hydric  acid  gas  is  passed  to  saturation  into  a  solution  of 
oauHtio  potash,  a  solution  of  the  sulph-hydrate  is  obt-ained,  which  is  oolor- 
IcHH  nt  first,  but  if  exposed  to  the  air,  quickly  absorbs  oxygen,  and  turns 
yellow,  in  consequence  of  the  formation  of  bisulphide: 

2SKH    -1-     0    =    8,K,    -f     OH^ 

If  a  solution  of  potnsh  be  divided  into  two  equal  parts,  and  one  half 
saturated  with  hydrogen  sulpliidc,  and  then  mixed  with  the  other,  a  solu- 
tion is  formed  which  may  contain  potassium  monosulphide: 

SKU     4-     OKH    =    SK,    +    on,. 

But  it  is  also  possible  that  the  hydrate  and  the  sulph-hydrate  may  mix 
without  niiitiial  decomposition.  The  solution,  when  mixed  with  one  of  the 
stronger  acids,  gives  off  hydrogen  sulphide  without  deposition  of  sulphur, 
a  roftction  which  is  consistent  with  either  view  of  its  constitution. 

The  bisulphide,  SjK,,  is  formed,  as  already  observed,  on  exposing  a  solu- 
tion of  the  sulph-hydrate  to  the  air  till  it  begins  to  show  turbidity.  By 
evaporation  in  a  vacuum,  it  is  obtained  as  an  orange-colored,  easily  fusible 
substance. 

The  trisulphide^  SjKj,  is  obtained  by  passing  the  vapor  of  carbon  bisul- 
phide over  ignited  potassium  carbonate,  as  long  as  gas  continues  to  escape: 

2C0,K,    +     3CS,    =    2S,K,    +     4C0     +     CO,. 

Also,  together  with  potassium  sulphate,  forming  one  of  the  mixtures  called 
liver  of  sulphur^  by  melting  552  parts  {i  molecules)  of  potassium  carbonate 
with  820  parts  (10  atoms)  of  sulphur: 

4C0,K,    -1-     S,^    =    SO^K,    +     8S3K,    +     4C0y 

The  tetratulphidey  S^K,,  is  formed  by  reducing  potassium  sulphate  with 
the  vapor  of  carbon  bisulphide. 

The  pentatulphide^  ^sK^,  is  formed  by  boiling  a  solution  of  any  of  the 
preceding  sulphides  with  excess  of  sulphur  till  it  is  ssturatod,  or  by  ftising 
either  of  them  in  the  dry  state  with  sulphur.  The  excess  of  sulphur  then 
separates  and  floats  above  the  dark-brown  pentasulphide. 

Liver  of  sulphur^  or  hepar  aulphuris^  is  a  name  given  to  a  brownish  sub- 
stance, sometimes  used  in  medicine,  made  by  fusing  together  different 
proportions  of  potassium  carbonate  and  sulphur.  It  is  a  variable  mix- 
ture  of  the  two  higher  sulphides  with  hyposulphite  and  sulphate  of  po- 

When  equal  parts  of  sulphur  and  dry  po\as«\\xm  caiT\>oiv%.\*  %.t^  Ta€V\^\ 
together  at  a  temperature  not  exceeding  25(y»  C.  (,4%'2?  ^V  ^^^  ^%CkQmv>*v- 
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iion  of  the  saH  ia  quite  oomplete«  nnd  a\\  the  earbon  dioxide  10  expelkd. 
fused  mass  disBolvcs  in  water,  witli  the  exception  of  o.  litt!o  mechiLn- 
llj  mixed  sulphur^  with  d^Lrk-ltrown  color,  and  Liie  solution  is  found  to 
tiin  noLliing  bonides  pentatiulpJiido  and  byposiulpbite  ol'  potassium: 

30K,    +     S„    =    2SftKj    4-     SiO.K^ 

When  the  mixture  has  bccu  exported  to  a  tempernture  upproAoblng  Ibftt 
of  i|Ei»ition,  it  is  found,  on  the  contrary,  to  eontnin  pptussiuui  Bulpbate, 
Aming  from  ibe  decompositlou  of  ihki  lijposulpbiLe  wbiuh  Lb«ii  gocurs: 

From  both  these  mixtures  the  polaasium  penlaaulpbide  may  be  eztrooted 
hy  alcohol,  in  which  it  dij^solves. 

When  the  carbonate  in  fused  with  biiif  jt8  weight  of  sulphur  only,  the 
trisulphtde  ie  produced,  as  above  indieiited,  ins'ead  of  the  pentii^ulphido. 

The  efTeets  dcserilied  happen  Iti  the  8ume  manner  when  pohis^ium 
liydrnte  ia  subBtituted  fur  the  i^urbonute  :  also,  when  a  solution  of  the  hy- 
drate is  boiled  with  sulphur^  a  mixturo  6t  sulphide  and  hyposulphite  al- 
ways reiults. 


Poiassiam-salts  are  oolorlcBg,  when  not  assooiated  with  a  colored  metallic 
oxide  or  acid.  They  are  all  move  or  leas  soluble  in  water^  and  niiiy  be 
distinguiHhed  by  tlie  fullowing  charactera: 

(L)  iSolutioQ  nf  tartaric  add,  added  in  excess  to  amoderntely  strong  boIu- 
tioD  of  putawsiuui-ealt,  giTes,  after  aotne  time»  a  white  cry^tnUine  precipi- 
tate of  oreatn  of  lartar;  the  etl'cct  is  greatly  promoted  by  siroiig  ugitutioa* 

(2.)  8olutioi]  of  platinic  chloride  with  a  little  hydrochloric  acid,  if  neoes- 
#ary,  gives,  uijlcr  similar  circumstanceR^  a  crystalline  yellow  precipitate, 
which  ia  a  double  »iilt  of  platinum  tetrachloride  nnd  puta^ij^ium  chloride. 
Both  this  compound  and  cream  of  tartar  are,  bovrever,  soluble  in  aboitl  til) 
parts  of  cold  water*  Ad  addition  of  alcohol  increases  the  delicacy  of  both 
testa. 

(8-)  Perchloric  acid,  and  sificnjfuoric  acid,  give  rise  to  slightly  soluble  while 
[  prcipitates  when  added  to  a  potri.'<siiim-sMit» 

(4.)  l'ota*^Biuul -salts  Uj^tiuliy  color  the  outer  blowpipe-fliume  purple  or 
f  iolet :  ibis  reaction  is  clearly  perceptible  only  when  the  potassium-salts 
'  sre  pure. 

(5.)  The  spectral  phenomena  exhibited  by  potassiuin  compounds  are  men^ 
[  liooed  ftt  p.  88. 


« 


8OBI0M. 

Atomic  weight,  28,     Symbol,  Na.  (Natrium). 

SopiCM  is  a  ifery  abundaot  element,  and  very  widely  ditfuscd.     It  occurs 
in  larg«}  i|uantities  as  chloride,  in  rock-satt,  sea-waier»  salt-springs,  aad 
L  many  other  mineral  waters ;  more  rarely  as  carbonate,  borate,  and  suK 
1  phate,  in  Rolutiun  or  in  the  solid  Htate,  and  as  silicate  in  many  mineral.H, 
t      3IeUillio  Hodium  was  obtained  by  Davy  soon  after  the  discovery  of  po* 
[|ast*iuni,  and  by  fliiiiilar  means.     Gay-Lussac  and  Tbenard  uflerwards  pre- 
Ipart^l  il  by  decompu^^ing  i^odiuni  hydrule  with  metuULc  iron  ut  a  white  heat; 
[ftud  B runner  showed  thai  it  may  be  prepared  witU  mutik  ^TttiAtix  taft^W^ 
I  by  disidlinx  a  mixture  of  »odimn  carbonate  and  cbarcotj\. 
_,    TJiif  preparAtiQa  ofBodinm  by  thiaj  last-mentiotted  ^r«c«%a\i  mvisitw  «^\«i^ 
ihmn  thAt  ^f  poUssium,  not  being  compUcaied,  or  <jttVj  to  tt  %\\^\iV  ^TkW\*S 
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hj  the  formation  of  secondary  prodacts.  Within  the  last  few  jears  it  has 
been  considerably  improved  by  Deyille  and  others,  and  carried  out  on  the 
manufacturing  scale,  sodium  being  now  employed  in  considerable  quantity 
as  a  reducing  agent,  especially  in  the  manufacture  of  aluminium  and  mag- 
nesium, and  in  the  silver  amalgamation  process. 

The  sodium  carbonate  used  for  the  preparation  is  prepared  by  calcining 
the  crystallised  neutral  carbonate.  It  must  be  thoroughly  dried,  then 
pounded  and  mixed  with  a  slight  excess  of  pounded  charcoal  or  coal.  An 
inactiye  substance,  vis.  pounded  chalk,  is  also  added  to  keep  the  mixture 
in  a  pasty  condition  during  the  operation,  and  prevent  the  fkised  sodium 
carbonate  from  separating  from  the  charcoaL  The  following  are  the  pro- 
portions recommended  by  Deville : 


For  Laboratory  Operatioru. 
Dry  sodium  carbonate^      717  parts 

Charcoal 176     " 

Chalk 108     «« 


For  Manu/aeiurn^  OpenUiotu, 
Dry  sodium  carbonate,     80  kilogr. 

Coal 18      " 

Chalk 8      ♦« 


These  materials  must  be  very  intimately  mixed  by  pounding  and  sifting, 
and  it  is  advantageous  to  calcine  the  mixture  before  introducing  it  into  the 
distilling  apparatus,  provided  the  calcination  can  be  effected  by  the  waste 
heat  of  a  furnace ;  the  mixture  is  thereby  rendered  more  compact,  so  that 
a  much  larger  quantity  can  be  introduced  into  a  vessel  of  given  size. 

The  distillation  is  performed,  on  the  laboratory  scale,  in  a  mercury  bottle 
heated  exactly  in  the  manner  described  for  the  preparation  of  potassium. 
For  manufacturing  operations,  the  mixture  is  introduced  into  iron  cylin- 
ders, which  are  heated  in  a  reverberatory  furnace,  and  so  arranged  that, 
at  the  end  of  the  distillation,  the  exhausted  charge  may  be  withdrawn  and 
a  fresh  charge  introduced,  without  displacing  the  cylinders  or  putting  out 
the  fire.  The  receivers  used  in  either  case  are  the  t^ame  in  form  and  di- 
mensions as  those  employed  in  the  preparation  of  potassium  (p.  291^. 

When  the  process  goes  on  well,  the  sodium  collected  in  the  receivers  is 
nearly  pure;  it  may  be  completely  purified  by  melting  it  under  a  thin  layer 
of  naphtha.  This  liquid  is  decanted  as  soon  as  the  sodium  becomes  per- 
fectly fluid,  and  the  metal  is  run  into  moulds  like  those  used  for  casting 
lead  or  zinc. 

Sodium  Chloride  ;  Common  Salt,  NaCl.  —  This  very  important  substance 
is  found  in  many  parts  of  the  world  in  solid  beds  or  irregular  strata  of  im- 
mense thickness,  as  in  Cheshire,  Spain,  Galicia,  and  many  other  localities. 
An  inexhaustible  supply  exists  also  in  the  waters  of  the  ocean,  and  large 
quantities  are  obtained  from  salino  springs. 

Rock-salt  is  almost  always  too  impure  for  use.  If  no  natural  brine-spring 
exists,  an  artificial  one  is  formed  by  sinking  a  shaft  into  the  rock-salt,  and, 
if  necessary,  introducing  water.  This  when  saturated  is  pumped  up,  and 
evaporated  more  or  less  rapidly  in  large  iron  pans.  As  the  salt  separates, 
it  is  removed  from  the  bottom  of  the  vessel  by  means  of  a  scoop,  pressed 
while  still  moist  into  moulds,  and  then  transferred  to  the  drying-stove. 
When  large  crystals  are  required,  as  for  the  coarse-grained  hat/saU  used  in 
curing  provisions,  the  evaporation  is  slowly  conducted.  Common  salt  is 
apt  to  be  contaminated  with  magnesium  chloride. 

Sodium  chloride,  when  pure,  is  not  deliquescent  in  moderately  dry  air. 

It  crystallizes  in  anhydrous  cubes,  which  are  often  grouped  together  into 

pyramids,  or  steps.     It  requires  about  2J  parts  of  water  at  15-6®  C.  (60® 

F.J  for  BolutioD,  and  its  solubility  is  not  sensibly  increased  by  heat ;  it  dis- 

eolvea  to  Bome  extent  in  spirit  of  wine,  "but  ia  ncaxV^  \i\?iQ\>xbl^  in  absolute 

MlcoboL     It  melts  at  a  red  heat,  and  is  voVat\\«  at  a  «X\!l\  Yi\^«t  XAm^TaiuQx^ 

TJic  e^qx^oinigal  nae^  of  common  aali  ar^ireiW.'kiio^ira. 
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Tlie  iodide  and  bromide  of  todium  much  rostJinblt?  the  corrc^apornlmg  potns- 
dum-compourida:  the/  crysUUixe  iii  cubes  which  are  liiilij^-droua,  and  verj 
luble  in  water. 


^H  Bodhtn  Oxides,  —Sodium  rorma  a  moDoride  &iid  a  diozido;  also  a  hy- 
^Hkate  corresponding  to  the  former. 

'  Sodium  Mtmoxidfi,  or  Anhydrou*  Soda,  ONft,,  is  produced,   together  wiih 

the  dioxide,  when  eodluiu  burns  in  the  air,  »ind  may  be  obtained  pure  by 
exposing  the  diosi<le  lo  n  very  high  (emporitiurt^;  or  by  hvAting  aodinm 
hydrtitc  with  an  e«tiiiv»lenl  tjuantity  of  sodium:  liOXnlf  4-  Sn^  =  ^ONa, 
^  H^  li  in  n  gray  masn,  which  melts  at  a  red  heat,  and  voUtiliiies  with 
difficulty. 

Sodium  flffdrate^  or  Caiutic  Sod4i,  ONaH  or  ONaj,  OH,.  —  This  Bubstance 
U  prepared  by  decomposing  am)mewhot  dilute  solution  of  sodium  ciiibonat© 
with  calcium  hydrate  1  the  descriplion  of  the  procefta  employed  in  the  case 
of  potassium  hydrate,  and  the  precautions  necesaaryf  apply  word  for  word 
,       to  that  of  sodium  hydrate 

The  solid  hydrate  ia  a  white,  fusible  snbutance,  very  similar  in  properties 
I  pot  allium  bydrute.  It  it^  deliquescent,  but  dries  up  again  after  a  time 
I  consequence  of  the  absorption  of  carbonic  acid.  The  solution  it*  highly 
aline,  and  a  powerful  tiolvcnt  for  animal  matter:  iL  is  used  in  large 
nantity  for  making  soap. 

The  strength  of  a  solution  of  caustic  soda  may  he  roughly  determined 
om  a  knowledge  of  its  density,  by  the  aid  of  the  lollowing  tablu  drawn 
>  by  Dalton: 

TABLB  OP  pbuczntaox  of  an  n  yd  ROUS  SODA,  ONa„  IN  soLimoNa  of 


PJFrKaENT    UKNSITY* 


BeoAity. 

200 
1-85 
1-72 
1-63 
1-65 
1'60 
1  47 


Percentage'  of 

,    77-8 

63-6 
.    53-8 

40-6 
.    41  2 

86-8 
,    840 

810 


I>(»iwi$tjr* 
1  40 
lU 
1-S2 
1  29 
1-23 
1*18 
112 
106 


pprerntJigv  ttf 
aiiJijdri/iu  mmU. 
.     29-0 
26*0 
.    23  0 

100 

.     ICO 

13-0 

.      O-O 

4-7 


a 


Sodium  Dioxide,  0,Na,.  — Sodium,  when  heated  to  about  200**  in  a  curreat 
f  dry  air,  absorbs  oxygen,  and  is  converted  into  dioxide:  this  substance  is 
vbite,  but  becomes  yellow  when  heated,  which  tint  it  again  loses  on  cool- 
Hg.  It  is  soiuble  in  water  without  decomposition:  the  solution  may  be 
vttporated  under  the  receiver  of  the  air-pump,  and,  when  sufficienlly  con- 
putrated,  depoaits  crystalline  plates  having  the  composition  0,Na,,8QH^ 
These  crystals  left  to  effloresce  over  oil  of  vitriol  for  nine  days  lo*ie  three 
"ourths  of  their  water,  and  yield  another  hydrate  containing  OjNaj  20H, 
(Harcourt).  The  aqueous  Bolulion  of  sodium  dioxide  when  boated  on  the 
water-bath,  is  decouipo^H^ed  into  oxygen  ami  the  monoxide. 

SonrtTM  Carbon ATKS.  — The  Nfutral  or  fhvodie  Carbonate,  CO,Na,.I0OH^ 
was  once  exclusively  obtained  from  the  anhes  of  sea- weeds,  and  of  plants, 
ich  as  Ihc  SaUota  Moda^  which  grow  by  the  sea-»ide,  or,  being  cultivated 
suitable  localities  for  the  purpoi»e,  are  afterwards  subjected  tn  \TL^\xv^iTft.r- 
lion      The  barilla^  still  employt'^1  to  a  small  extent  in  soa^-mtiWTv^/v*  vVw^i 
produced  in  geweml  places  on  the  coast  of  Spuiu,  na  Alicwil©,  Ca^TVk^^^sMa;^, 
*-      Thsi  made  in  Britiaaj  ia  ottlled  varee, 
I'd 
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fiodinm  emrbonata  is  aov  ■aoafmctargd  oa  a  ■tafcadoiis  smI*  ftrnk  tom- 
mon  smli  bj  a  series  of  processes  which  mAj  be  dirided  into  two  st«g«:  — 

(1.)  Msnafactare  of  sodium  >ulphate.  or  salt-cake,  from  sodium  ehlorids 
(common  salt);  this  is  called  the  ssli-cake  process. 

(2.)  MannCseture  of  sodium  carbonate,  or  soda-ash;  called  the  soda-ash 
process. 

(1.)  Salt-cake  proeetM, — This  process  consists  in  the  decompositioB  of 
common  salt  by  snlphuric  scid.  and  is  Reefed  in  a  furnace  called  the  SmUf- 
caie/Mmaee,  of  which  fig.  164  represents  a  section.     It  consists  of  a  large 


coyered  iron  pan,  placed  in  the  centre,  and  heated  by  a  fire  undemcatli; 
and  two  roasters,  or  rcTerberatory  farnaces,  placed  one  at  each  end,  and  oa 
the  hearths  of  which  the  salt  is  completely  decomposed.  The  chargo  of 
half  a  ton  of  salt  is  first  placed  in  the  iron  pan,  and  then  the  requisile 
quantity  of  sulphuric  acid  is  allowed  to  pass  in  upon  it.  Hydrochloric  acid 
is  eroWed,  and  escapes  through  a  flue,  with  the  products  of  combustion, 
into  towers  or  scrubbers,  filled  with  coke  and  bricks  moistened  with  a  stream 
of  water;  the  whole  of  the  acid  rapors  are  thus  condensed,  and  the  smoke 
and  heated  air  pass  up  the  chimney.  After  the  mixture  of  salt  and  acid 
has  been  heated  in  the  iron  pan,  it  becomes  couTerted  into  a  solid  mass  of 
acid  sodium  sulphate  and  undecomposed  sodium  chloride: 

2Naa    -f    SO^H,    =     Xaa     -^     SO^NaH     -^    HCL 

It  is  then  raked  on  to  the  hearths  of  the  furnaces  at  each  side  of  the  decom- 
posing pan,  where  the  flame  and  heated  air  of  the  fire  complete  tbe  decom- 
position into  neutral  sodium  sulphate  and  muriatic  acid : 

KaQ    -t-     SO^NaH     =    SO^Xa,    -*-     HCL 

(2.)  Soda-ath  proceu,  —  The  sulphate  is  next  reduced  to  powder,  and 
mixed  with  an  equal  weight  of  chalk  or  limestone,  and  half  as  much  small 
coal,  both  ground  or  crushed.  The  mixture  is  thrown  into  a  rererberatory 
furnace,  and  heated  to  fusion,  with  constant  stirring,  2  cwts.  are  about  the 
quantity  operated  on  at  once.  When  the  decomposition  is  judged  complete, 
the  melted  matter  is  raked  from  the  furnace  into  an  iron  trough,  where  it 
is  allowed  to  cool.  This  cru<le  product,  called  black  ash  or  hall-wda,  is 
broken  up  into  little  pieces,  when  cold,  and  lixiTiated  with  cold  or  tepid 
water.  The  solution  id  eraporated  to  dryness,  and  the  salt  calcined  with  a 
little  sawdust  in  a  suitable  furnace.  The  product  is  the  9oda-a*h^  or  Briiuk 
alkali  of  commerce,  which,  when  of  good  quality,  contains  from  48  to  52 
per  cent,  of  anhydrous  soda,  ONa^  partly  in  the  state  of  carbonate,  and 
partly  as  hydrate,  the  remainder  being  chiefly  sodium  sulphate  and  common 
salt,  with  occasional  traces  of  sulphite  or  hyposulphite,  and  also  cyanide 
of  sodium.  By  dissolving  soda-aah  in  hot  water,  filtering  the  solution,  and 
then  allowing  it  to  cool  slowly,  the  carbonate  is  deposited  in  large  trans- 
parent crystals. 

The  reaction  whicli  takes  place  in  the  calcination  of  the  sulphate  with 
cAalk  and  coal-duai  seems  to  consist,  flrst,  in  i\ie  <:ou7«eT%\oti  ^t  iU«  sodium 
Bulpbate  into  suJjjhide  by  the  m^  9f  ihe  oom\»ui^\A«maXX«c,%&dL^«MwiiSai^^ 
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in  (h^  itiicrchtttigc  of  elements  between  lliat  (^tibafunce  and  the  cslcium  car- 
bo  nftte: 


+ 


Sodium 
ciirbottttle. 


Sodium  Calcimn  Calcium 

sulphide.  oarbouate.  sulpJiide. 

Other  procesaci*  have  hpcn  proposed^  and  even  carrl^'rl  into  execution;, 
but  Ihe  above,  which  was  onglnullj  proposed  hy  LebUiuc,  ia  faund  mcuit 
AtlTantagtMiiUS. 

The  ordinarj  crystals  of  sodium  carbonate  eontaln  ten  moleeulca  of 
water;  but  hy  particular  nmuiigt'iji^nt  tlie  sftuie  saU.  nuxy  be  obtninecl  with 
fifteen,  nine,  »ovt?n,  njoleculeii^  or  sometimes  wiih  only  one.  The  comuioa 
form  of  the  crystals  is  tlertved  from  ivn  oblique  rhombic  prism;  they 
effloresce  in  dry  air,  and  cmoihle  to  a  white  powder.  Hoaied^  th(?y  fuse  in 
iheir  water  of  cryaiallizatton;  when  ilic  hiltfr  has  been  expelled,  aud  the 
~~ry  ialt  exposed  to  a  full  red  heal,  it  melts  without  uuilergoiiig  change.  The 
Dmmon  erystali<  dii<soIvo  in  two  pnriA  of  cold,  mid:  in  le^s  than  their  own 
Ireight  of  boiling  water:  ihc  solution  hiis  a  strong,  disagreeable,  alkaline 
8te»  and  a  powerfully  alkaline  reaction. 

H^fdrog^n   and    Sodium   CarboHiftf,    II ifdrotodic    CitrbonaU^  Monomdic  Car- 

ontiU,  Arid  Sodium  CurbonaU,  Ct)j,Nan,  or  COjNajCtJjH,,  cmimonlj  called 

bicarbonate  of  $rida.  —  This  salt  is  prepared  hy  paikHiiig  carhoide  acid  gua 

ato  a  cold  solution  of  the  neutral  carbonaie,  or  hy  placing  iho  crystaLs  in 

atmo.sphere  of  the  gas,  which  n  rapidly  absorbed,  while  the  crystalsi 

bfie  the  greater  part  of  their  waicr^  and  pass  into  the  new  eoiiipound. 

Monosodic  carbonate,  prepared  by  either  process,  is  a  crystalline  white 

owder,  which  cannot  he  re-disaolvcJ  in  warm  water  without  partial  de- 

l[C»mpo«^ition.     It  reijuirea  10  parla  of  wutcr  nl  \b  l\^  for  solution:  the  liquid 

1  feebly  alkaline  to  tosl-puper,  and  has  a  much  milder  taste  than  that  of 

he  simple  carbonate.     It  does  dtjI  precipitate  a  solution  of  magtiesia.      Bjr 

Kposure  to  heat,  the  salt  is  eoHTcrted  into  nciiiral  carboimte. 

Dihtfdrti-tftru-^Qdk  Carf/onaU,  (COjjjNa^Hj.  20M,,  —  This  salt,  comraonly 
fclled  attquiciirbfttutte  nf  nnda,  may  be  regarded  as  a  compound  of  the  neuiral 
nd  acid  sails  just  described  (Ct>,Na,  2C0j|NaU),     It  occurs  native  on  Iho 
inks  of  the  soda  Inkea  of  Sokenna,  near  Fifzzan,  in  Africa,  whcrw  it  is  called 
i>nii;  also  as  urno^  at  the  bottom  of  &  lake  la  Maracaibo,  Souih  America. 
,  in  profbioed  artificially,  thougli  with  some  diifieulty,  by  miiing  the  mo- 
kosodic  and  dlsodic  carbonates  in  the  proportions  above  indicated,  meliing 
liem  together,  d»*ymg  and  exposing  the  dried  muss  in  a  cellar  for  some 
Veeks;    it  then  ahsorbs  water,  becomes  crystalline,  and  contains  spaces 
lllcd  with  the  tetrasodic  carbonate. 
Sodium  and  Pottunum  CarhQuate,  CO,NaK .  60H^  separates  in  nionoclinic 
^stals  from  a  solution  containing  the  two  carbonates  in  equiyaleni  pro* 
ortioos. 

A  mixture  of  these  two  carbonates  in  equlTalent  proportions  melts  at  a 
Quch  lower  heal  than  either  of  the  salts  separately »  such  a  mixturu  ia 
iry  useful  in  the  fusion  of  glUcatcs,  &c- 

Alkalimetry.  —  Analysis  of  Alkaline  Uydra^^M  and  CarhonaUa* 

The  amount  of  alkali  or  alkaline  Cftrbonato  in  commercial  potash,  noda, 
or  ammonia,  is  estimated  by  determiiiinpr  the  quantity  of  an  acid  of  given 
strength  required  to  nentraltie  a  given  weight  of  the  sample.  The  esttma- 
tion  dependi>(  upon  the  facts  that  the  alkaline  sail'*  of  strong  acids  (vciV 
phuric,  oxalic*  &c,^  are  neutral  to  litmus;  ami  that  the  Vvo\«:\  %iA\\V\«xv  Qt 
litmu*  J*  cohrt'd  blue  by  cauHic  alkalies  or  alkaWne  csvT^(>ii«XQ««  V\\i^-ict^ 
itjr  cMrbonic  meld,  and  light  red  bj  alrong  acids. 
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The  int  step  b  ihe  prepmmion  of  ihe  ■xandiml  acid.  It  is  best  to  makt 
this  liquid  of  "aeh  strength  that  liX'iO  cabic  centimetres  (1  litre)  shall 
coniain  exactly  one  j  /rvm-noiiotit  <  i.  «..  1  molecule  expressed  In  (  gnas) 
of  the  acid. 

About  70  grams  of  concentrated  «alpbaric  acid  are  dilated  with  about 
OU)  gram«  of  water:  vheo  the  mixture  i«  cooL  the  Tolume  of  it  necessaiy 
to  Mturate  't-Z  jrram«  •.•n<-  }^lec: pram-molecule  i  of  pure  anhydrous  sodinoi 
carbonate.  COp^'a^  is  deteruineil>  For  thid  purpose  5-3  grams  of  freshly 
ignite*]  sclium  carbonate  are  di5»olTe<i  in  hot  water,  the  solurion  colored 
blue  with  a  few  drop«  of  litmus,  an-l  the  aciJ  added  from  a  burette  or  al- 
kalirneter  p.  305..  at  la^t  drop  by  drop,  till  the  color  ja»t  passes  from 
wine-red  to  light  red.  and  till  strips  of  litmu*-paper.  moistened  with  the 
solution  bfgin  to  retain  the  color  when  dry.  The  Tolume  of  acid  employed 
U  then  note*!,  and  the  whule  diluted  so  as  to  approximate  to  the  require 
s:rcngth.  Suppose,  for  instance.  '^T  cubic  centimetres  of  acid  have  been 
usclf  water  is  then  aJded  till  every  Un)  volumes  is  dilated  to  I'dO  volumes, 
and  another  determination  is  made.  If  &0  cubic  centimetres  are  now  re- 
quired to  saturate  the  f-<lecigram  alkaliue  ^ohiiiun.  every  90  volumes  of  the 
acid  must  be  diluted  to  l*M),  aa>i  the  result  conirolle«i  by  a  fresh  determina- 
tion; l(Nj  cubic  centimetres  of  this  acid  should  exactly  saturate  5*3  grams 
of  sodium  carbonate,  and  will  contain  1  haI:'-decigram-mo1ocule  of  acid; 
2  cubic  centimetres  will  therefore  contain  1  milligram-molecule  (0-098 
granut  and  will  saturate  2  milligram-mi  lecules  of  an  alkali  (OKH  or 
ONaTl).  or  1  milligram-molecule  of  an  alkaline  carbonate  (CO^K,  or  CO,Xa,). 

To  estimate  the  proportion  of  alkali  in  a  cikmmereial  sample,  a  weighed 
portion  of  the  substance  is  <lio<olTtr  1  in  water  if  a  soliiii.  a  few  drops  of 
litmus  added,  and  the  stand.-iril  acid  addo^i  from  a  burftte.  until  the  first 
permanent  appearance  of  a  light  red  color:  an>l  the  volume  of  acid  em- 
ployed is  read  off.  Each  cubic  centimetre  of  acid  corresponds  to  1  milli- 
gram-molecule of  alkali,  or  1  half  niillignnn-uiolecule  of  alkaline  carbonate; 
i.  €.,  toO  053  gram  solium  curb-mate,  CO^Na,,  niM'i'j  gram  potassium  carbo- 
nate, COjKj.  n.04(»  gram  cauiftic  j^oda  ONaH.  M-lV>»»  gram  caustic  potash  OKH, 
and  001 7  gram  ammonia  NI!,:  and  a  simple  prttporiion  gives  the  amount 
of  alkali  or  alkaline  carbonate  present  k.  y.  li.M :  G-'J  :  :  number  of  cubic 
centimetres  employed:  potassium  carbonate  prc<eni).  Dy  operating  on 
100  times  the  J -milligram-molecule  (<,  y.  H  'J  grams  in  the  case  of  potassium 
carbonate,  5*3  grams  in  the  case  of  sodium  carbonate ).  all  calculation  is 
8ave<l:  for  as  this  amount,  if  present,  would  rotjuire  UHt  cubic  centimetres 
of  aciil  for  its  saturation,  the  number  of  cubic  ceutiniet res  actually  required 
at  once  indicates  the  perccutai;e  of  alkaline  carbonate.  The  burettes 
commonly  used  contain  50  cubic  centimetres,  and  are  graduated  into  half 
cubic  centimeters;  so  that  by  operating  on  5<)  times  the  }-milligram-mole- 
cule,  the  number  of  divisions  employed  indicates  the  percentage. 

Sometimes,  instead  of  exactly  neutraliiing  the  alkali  with  the  standard 
acid,  it  is  better  to  add  the  aciil  till  the  litmus  assumes  a  distinct  light-red 
color,  then  heat  the  solution  to  boiling,  anil  add  a  small  excess  (5  to  10 
cubic  centimetres)  of  acid.  The  hot  solutittn  is  freofl  from  carbonic  acid  by 
agitation  and  by  drawing  air  through  it  with  a  glass  tube  :  and  then  neu- 
tralized with  a  standard  solution  of  caustic  soda  (UK)  cubic  centimetres  of 
which  exactly  saturate  100  cubic  centimetres  of  the  standard  acid)  till  the 
color  just  changes  from  red  to  blue.  Since  the  acid  and  alkaline  solutions 
neutralize  each  other  volume  for  volume,  it  is  only  necessary  to  deduct  the 
number  of  cubic  centimetres  employed  of  tlic  latter  from  that  of  the  former, 
and  calculate  the  amount  of  alkali  from  the  residue.  This  method,  called 
the  tnt/irrcl  or  re^itfual  method^  is  preferable  to  the  direct  method  previously 

*  The  molecule  of  indium  carbonate  COaNat  irr\0u  \%  -v  4^  -v  «^  =  \^A« 
t  The  molwulmr  wd^ht  of  ftUlpUoric  actd  aO«Ut  U  «S  «  3i&  -V  ^  -V  ^ 
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Ced,  for  the  analysis  of  carbonnte*,  «mce  Ibe  change  from  blue  to 
more  distincMy  iu«rkiHl  than  Ihut  from  one  pbade  of  red  lo  &nol.hi;r. 
The  tfUmdard  fiolution  of  caustic  ttodn  niui^t  be  kt!pt  in  a  flask,  into  the 
cork  of  which  is  inHerti>d  a,  culiMuui  ohlorid*?  tubt!  filled  with  a.  miatture  of 
Bodium  siilphiite  and  quicklimt!,  which  ffteerunlly  |»revi*tit9  the  abemrption 
of  c&rbouic  iicid.  If  the  burette  be  closed  wiih  a  similar  tube,  the  sodn  80» 
lutioQ  niftj  remain  in  it  for  days. 

The  **ttlkalimeter"  or  *•  burette"  is  A  pla&s  tube  (fig.  I(i5)     JV#  IftS. 
closed  at  one  end,  and  utonlded  into  a  spout  or  tip  at  the  othefi 
ftiid  marked  irithany  cotivenient  Fwale  of  et[ual  paiin,  genenillyt 
an  above  menlionedi,  into  100  half  cubic  centimetres.*     A  wtrip  of 
ptper  i»  pasted  on  ihe  tube  and  suffered  to  dry,  iiOer  whiob  the 
inatrtiment  is  graduated  by  counterpoitting  it  in  il  neiirly  upright 
position  in  the  pan  of  a  bulauee  of  moderate  delieuey  and  weigh- 
ing into  it,  in  auceesaion,  6*  10,  15,  20,  &c.,  gram^  of  distilled 
wiit«r  at  4**  C-  (JJU-2F.)  until  the  whole  quantity,  amounling  ti>  50 
g^ms^50cubic  centimetres),  b&Bbeen  introduced.  1  he  level  tjf  ihe 
'        water  in  ihe  tube  being,  after  euch   addition*   ejirefully  marked 
with  a  pen  upon  the  strip  of  pnper,  while  the  tube  la  held  ^|uire 
L      upright,  and  rho  mark  made  between  ihe  lop  utid  bottom  ot  the 
»jjBPrvc  formed  by  the  surface  of  the  water.     The  j»maUcr  divisions 
r  <I>f  the  •teale^  of  a  half  cubic  centimetre  each*  may  then  be  made 
I       hy  dividing  with  compasflcs  e^ch  of  the  spaces  into  10  ecjiial 
pftrtji.     When  the  gmduation  19  complete,  and  the  operator  is 
eatiiified  with  its  accuracy,  the  marks  mny  be  transferred  lo  the 
tube   itself  by  a  sharp  tile,  and   the  pnper  removed  by  a  little 
warm  water.     The  numbers  are  scratched  on  the  glass  with  the 
hard  end  of  the  aame  tile,  or  with  a  ditttnond.     Or  the  glass  is 
eov<»rod  with  etching  wai,  the  acale  traced  upon  it  with  a  fine 
needle  point,  and  the  marks  et<^hed  by  ex|>osing  Ihe  tube  to  the  yapor  of 
hjfdrofluoric  acid* 

FUff.  letk  Fig,  ler.  i^,  i<s8. 
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The  alkalimetef ,  represented  in  fig.  1^6,  ib  the  »iiDpleat  form  of  tlilfl  id- 

fitruQient.  The  pouring  out  af  minute  quantiiifcs  is,  huwever*  ^reallj  faeil- 
itaied  by  providing  I  lie  UieasMrc  witU  a  nnrrow  dropping  luhct  ^g'  ]t>6t 
Ibe  lower  extreniiiy  of  which  i»  solderpd  inta  the  nitasurCp  while  the  upper 
one  is  bent  outward  and  sharply  cut  off.  ThiM  kind  of  burette,  which  it 
known  as  Gny-Lussac'd,  is  chietly  usted  in  France.  The  liquid  may  be  very 
coBTeniently  poured  from  it;  but  it  is  rather  easily  broken,  bo  thai  its 
manipulation  requires  a  good  deal  of  care.  This  defect  is  greatly  obviated 
in  the  burette,  l^g.  107,  in  which  the  graduated  lube  is  provided  with 
a  spout  at  the  top^  there  being  at  the  t^me  lime  an  orifice  for  pouring  in 
the  liquid. 

A  very  elegant  instrument  has  been  contrived  by  Dr,  Mohr  of  Coblenti, 
It  is  a  graduated  tube,  drawn  out  at  one  etid  io  a  point,  to  which  is  at- 
tached, by  means  of  a  narrow  vulcanized  cuoutchouc  tube,  a  short  glasd 
tube,  likewise  draun  out  to  a  point  (fig.  I(i8),  There  is  a  small  epace 
(about  i  inch)  between  tiie  two  tubes,  upon  which  h  fixed  a  nietallic  clattip, 
<f,  represented  in  its  actual  diniensioii»  in  fig,  109.  Thi»  clamp  ehuts  olT 
the  conneclion  between  the  graduated  cylinder  and  the  i^mall  gla^  tube. 
But  by  pressing  with  the  ftngera  upon  the  ends,  A  h,  of  this  clamps  it  opens, 
and  alloWH  the  liquid  to  flow  out  of  the  lower  tube.  It  \n  evident  that  by 
this  arrangement  the  amount  of  liquid  may  be  regulated  with  the  greatest 
nicely. 

It  is  often  desirable^  in  the  analygia  of  carbonates,  to  determine  direciiy 
the  proportion  of  carbonic  acid:  the  following  methods  leikve  nothing  to 
be  desired  in  point  of  precision: 

A  small  tight  glass  tlask  of  three  or  four  ounces  capacity,  with  lipped 
edge,  is  chosen,  and  a  cork  fitte*!  to  it.  A  piece  of  tube  jibout  three  inches 
long  is  drawn  out  at  one  eitremiiy,  and  fitted,  by  lueatis  of  a  small  cork 
and  a  bit  of  bent  tube,  to  the  cork  of  tlie  iln»k.  This  tube  is  filled  with 
fragments  of  cjileium  chloride,  prevented  from  eseuping  by  a  lit  tie  cotton 
at  either  end!  the  joints  are  secured  by  sealing-wax*  A  s^liort  tube,  close^l 
at  one  extremity,  and  small  enough  lo  go  into  the  Qask^  ^f^  ali^o  provided, 
and  the  apparatus  i^  complete.     Fifty  grains  of  the  carbonate  to  be  exun* 
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ined  are  carefnUy  weighed  out  and  Introduced  into  the  lla«k,  together  with 
a  little  water;  the  small  tube  is  then  titled  witb  oil  of  vitriol  und  pluci>d 
in  the  flask  In  a  nearly  upright  position,  and  leaning  against  its  side  in 
flueb  n  manner  that  the  acid  does  not  ei^cape.  The  cork  and  calcium  ehlor- 
ide  tube  are  then  adju!*ted,  and  the  whole  apparatus  acetirately  counter- 
poiBCii  on  the  hdhince  Thi^^t  done,  the  f1a.«k  is  slightly  inclinrd,  po  that  the 
oil  of  vitriol  may  ploivly  mix  with  l:\ie  <il\veT  feViWi&Ticcs  and  decompose  the 
CArboaMiet  *Ae  f^s  from  whkb  escapes  \u  ik  At^  iXaic  Uowv  \\\%  ^-vVtvsmvtif 


SOUItTM. 


m 


I 


llf  the  lube.  When  the  action  has  entirely  ceaaed*  the  liquid  ia  heat<^d 
UnUl  it  boils,  aud  the  Meam  begiaa  to  cotideusc  in  the  drying-tube;  it  in 
then  Icit  to  cool,  and  weighed,  when  the  loss  indicatea  the  quuntily  of 
onrhon  dioxide.  The  aeid  uiu^t  be  It)  cicc^s  aficr  the  experimtrnl.  Wbea 
Iciuui  carbonate  b  thus  analyxtid,  hydrochloric  acid  must  be  substituted 
r  the  sulphurio  acid* 

Instoad  of  the  above  apparatuii,  a  ncnt  arrangement  tnny  be  iiacd,  which 
first  suggested  by  Will  and  FreBeoiu?.  It  coiisisis  of  tuo  itruall  glass 
flasks,  A  and  s,  the  latter  beitif^  souiewtiut  smaller  than  the  former.  £ach 
of  the  flasks  is  provided  with  a  doubly  pirrforated  cork.  A  tube,  open  at 
both  ends,  but  closed  at  the  u[>per  extremity  by  means  of  a  small  quantily 
,of  vrax,  passes  through  the  cork  of  a  to  tlie  very  bottoni  of  the  DiiFik, 
hiUt  a  second  tube,  reaching  to  the  bottom  of  n,  o^tabliNhes  n  eommuni- 
tion  between  the  two  Hus^ks,  The  cork  of  n  ia  provided,  mori'OTor,  with 
short  tube  d.  In  order  lo  annli^ze  a  carbonate,  a  »uitah]|e  qitaulity  (hlly 
irains)  is  put  into  a»  togeth^^r  with  some  wator,  d  is  half  filled  with  coii- 
ntrated  sulphuric  acid,  the  apparatus  tiplitly  titled  and  weighed,  A 
.11  quantity  of  air  is  now  ii^ucked  out  of  flask  b  liy  means  of  the  tube  (/, 
hereby  the  air  in  \  is  likewise  rarelieJ.  On  allowing  the  air  to  retiiru, 
quantity  of  the  autphuric  ncid  a5*cendH  to  the  tube  r,  and  flows  over  into  llask 
causing  a  disengagement  of  carbon  dioxide,  which  escapes  nt  d,  after 
Laving  been  perfectly  dried  by  pasMing  through  the  botdo  b.  TIiih  opera- 
Ion  is  repeated  uiilil  the  whole  of  the  carbonate  ia  decomposed,  and  the 
rocesa  terminated  by  opening  the  wax  stopper,  anil  drawing  a  quimtityuf 
air  through  the  appjiratua.  Tlic  apparatus  is  now  re- weighed.  The  dif- 
ference of  the  two  weighings  expresses  the  quantity  of  carbon  dioxide  in 
the  compound  analyxed. 

SotiiiTM  SrLPHATE,  SO^Nfl^JOOH,,  commonly  called   Olanher*»  tatt^  is  a 
by-product  in  ncveral  chemical  operations  and  sn  intermediate  product  in 
the  manufacture  of  the  carbonate  as  above  described;   it  nifiy  of  course  bo 
prepared  directly,  if  wanted  pure,  by  ad-ling  dilute  eulphiirii;  acid,  to  aat- 
uratioD,  («  a  solution  of  atidium  carbonate.     It  cryglalllzes   in   forms  de- 
rived from  an  oblique  rhombic  priMii :  the  crystals  coiitain  10  molecules  of 
water,  are  offlorescent,  and  undergo  watery  fusion  when  heated,  like  those 
of  the  carbonate;  they  arc  soluble  in  twice  their  weight  of  cold  water, 
and  rapidly  increase  in    solubility  as  the   temperature  of  the  liijuid  rises 
to  .1:^^  C.  ('H*o^  F  ),  when  a  niaxiiiiuin  is  rericlK-d.  ICK)  ptirta  of  water  dis- 
BoUing  117  9  parts  of  the  salt,  corresponding  to  o2  parts  anhydrous  &«diuni 
ftulphato.     When  the  Hnlt  i»  heated  beyond  thi»  point,  the  solubility  dimlu- 
he*,  and  a  portion  of  sulphate  is  deposited.     A  warm  saturated  solution, 
vapnraiod   at   n   high   tcmperattire,   depostts   opaijiie   pri!*niatic   cryslals. 
hiob  are  anhydrous.     The  jtalt  ha^  a  slightly  bitter  taste,  and   is   purga* 
vc.     Mineral  apringa  sometiinus  contain  it,  as  thnt  at  Cheltcuham* 
Sodium  nnd  Ujfdro^fn  SufphiiU^  or  Aeid  S<iditim  Sulphtif,  ll^StJ^NnH '^OHj, 
»r  SO^Na^  S(>^Hj,30Hy,  commonly  called  bwtfphatf  of  toda,  is  piepnred  by 
iding  to  lU  parts  of  the  anhydrous  neutrni   sulphate,  7  of  oil  of  vitriol, 
vaporating  the  whole  to  dryness,  aiid  pcntly  igniting.     The  ttcid  >'ulpbat« 
very  soluble  in  water,  and  has  an  ncid  reticlion.     Il  is  not  delifjUeseenl. 
lien  very  strongly  heated,  the  fused   ,^uU   gives   up  anhydrous  hulphnric 
acid,  and  becomes  neutral  ,«ulphjite;   a  clian|2;e  whiidi  neireRi^arily  supposes 
the  previous  formation  of  an  aiihydro-bisulphnte,  SO^Na,^.SOj. 

SoDtUH  Hri*ostn*rniTE,  SjO^Na,.  — There  are  several  modes  of  procur- 
ing this  salt,  which  is  now  Uf*i'i\  in  *!onsiderahle  quantity  for  photographic 
kurposes  and  as  antichVore.     One  of  the  beai  U  to  furin  neutral  ttudttim  jtut- 
by  pacing  a  stream  of   well-w&shed   sulphurous  u&ide   gas   inlu  a 
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Birong  solution  of  Bodiiim  cnrbonate,  ntid  tlicn  digest  the  solution  witk 
eulpUur  fit  A  gentle  heat  during  s(?vt*ral  dfija,  Uy  CArvful  CTaporiLtioii  lit  ^ 
BimJenittt  temperalurt*,  the  ^nlt  is  obtiiiucd  tn  large  liiid  regular  cr^8tiiU, 
which  are  very  Bolublo  in  water. 

Sodium  NitratFm  NO,Xa,  —  This  Bait,  sometimes  called  Cuhk  Niire^  or 
Chile  Stt/tpHrCf  occurs  rmtiTe,  an<J  in  enormous  qutiutity,  at  Tampnck  in 
Nor!  hern  Peru,  where  it  foriu»  a  regular  bed,  of  great  extent,  along  wifk 
gypMum,  couimon  suit,  and  remain»  of  reeeui  shelU,  The  pure  salt  com* 
monly  erystalliies  in  rhombohedrons,  resembling  I  hose  of  calcareous  ^piir* 
It  is  delitjueMceiit^  and  very  i^iuluble  in  water.  Sodium  nitrate  is  employe  "^ 
for  making  nitric  acid,  but  cannot  be  used  for  gunpowder,  as  the  niixtur 
burn^  loo  slowly,  and  becomes  damp  in  fhc  air.  It  has  been  lately  use4 
with  Bome  success  in  agriculiurc  na  a  i^uperhcial  manure  or  top-dre^stngi 
also  for  preparing  potassium  nilrato  (p,  21>4). 

SoDirM    Phosphates. — The    composition    and    chemical    relations 
these  Balt^   have  already  beea  explained   in  speaking  of  the  basicity  of 
acids  (p.  l»8ii). 

Dimdiohifdrk  Phfi,ythate,  or  Ditodie  OrthophottphaU  ;  Common  TVibaJtic  Phot- 
phofi\  Vih'Sii^jUA'lOUj. — This  salt- is  prt pared  by  precipitaling  the  acid 
calcium  puoHphiite  obtained  in  decomposing  bone-asli  by  sulphuric  aci  \ 
with  a  -*ilight  exceiss  of  sodium  carbouule,  and  evaporating  the  clear  liquid 
U  crystallines  in  oblique  rhombic  prijiuis,  which  are  efflorescent.  Tli 
crystals  dissolve  in  4  parts  uf  cold  water,  and  undergo  the  aqueous  fusion 
when  healed.  The  salt  is  bitter  and  purgtitive;  its  solulion  i*  alkaline  io 
lest-pager.  Crystals  conlainiug  7  mrjiecule?*  of  water,  and  having  a  form 
dilTereuL  from  that  atmve  mentioned,  have  been  obtained. 

A  triiodic  orthnpho^phnte^  sometimes  called  tuhphofphiUr,  I'O^Na,  120H-,  ii 
obtained  by  adding  a  solution  of  caustic  soda  to  the  preceding  salt,  Th«i 
crystals  are  slender  six-sided  pri-^ms,  soluble  in  5  parts  of  cold  water.  It 
is  di;compose<l  by  acids,  even  carbonic,  but  suS'ers  no  change  by  heat*  ex 
cept  the  lof<s  of  il»  walor  <if  crystallizaiion.  Its  solution  is  strongly  alka* 
line.  A  third  tribasie  phosphate,  often  calle<l  tiuperpho&phate  or  biph 
phaie,  PtJ^Nall-.OII,.  may  be  obtnined  by  adding  phosphoric  acid  lo  thi 
ordinary  phfjsphale,  until  it  ceases  to  precipitate  barium  chloride*  and 
exposing  the  concentrated  solution  to  cold.  The  crystals  are  prismatic, 
vei-y  soluble^  and  have  an  »ieid  reaction.  When  sstrungly  beiited.  ihe  salt 
becomes  changed  inhj  mouobaaic  sodium  phosphjile,  or  UH'tapliof^phale. 

Sodium,  Ainmtunium,  und  Ht/droffm  Phnnphutr;  Phfjmphoron*  Stilt;  Mkrfhi 
Cintmie  Salt,  PO.Na(Nll4}H.4t>llj.  —  Six  parts  of  common  sodium  phosphat 
are  heated  ^vitli  two  of  water,  uniil  ttie  whole  is  liquefied,  and  1  pari  of 
powdered  sal-ammoniac  is  added;  common  salt  then  sejmrate*^,  and  may  he 
removed  by  ii  filter,  find  from  the  solution,  duty  concentrated,  the  ndcro- 
cosmic  salt  is  deposit lhI  in  prismatic  crysfaH  which  may  be  f^iirified  by 
one  or  t^ro  rc-crystallixations.  Mieroeosmic  salt  is  very  soluble,  Whea 
gently  heated,  it  parts  with  its  4  molecules  of  crystallization  water,  and^  at 
a  higher  tempernture,  the  basic  Jiydrogen  is  likewise  expelled  as  water, 
together  with  ammonia,  und  a  very  fusible  compound,  sodium  metaphos- 
phate.  remains,  Avhich  is  valuable  as  a  flux  in  blow-pipe  experiments. 
Microcosmic  suit  oecurs  in  decomposed  urine. 

Tttrftxodif  PhnitpfMtc  or  Sndtuin  rifntpfio^phnfe,  PjOyNa^  ICHldfj,  is  prepared 

by  strongly  heating  common  disodic  oiihopho^phate,  dissolving  the  residue 

in  water,  and  re-erystalliiing.     The  crystals  are  very  brillianl,  permanent 

in  /he  air,  and  less  soluble  than  the  original  phosphate:  Iheir  solution  is 

a /Ira  fine.     A  sodioA^drk  pffrophoiphaU  has  bc^n  u^ttVaincd  •,  but  U  dooa  not 

crj'staUixe. 


M 


SODIDJC. 


309 


Monotodk  PfioJiphatit  or  Sodium  Mrfnphonphatc,  POjNft^  li  cAHaine^t  by  heut- 
ftg  tiither  the  aci<1  tribasiic  [ihii!«pbat«.  or  microctMinio  mH.  It  18  a  traQs^ 
pn.ro nt  gla»ej  substance,  I'liaible  lit  a  lUdl  red  IieAt,  ih-liiinosoeni,  and  very 
etoluble  in  water.  It  refuses  Iq  crystallize,  but  dries  up  iuLo  a  gumi-likQ 
mass. 

If  thia  glasey  phospbnte  be  cooled  rery  rfowly,  it  separates  aa  a  beauti- 
fully cryniaUine  mitaa.     It  mny  be  purified  by  mertiis  of  boiling  wiittT  from        ■ 
tlie  Tilreouij  metaphosptiate,  which  will  nutcrystiilliie.     Anolhi>r  melaphos-       H 
phate  has  been  obtained  by  ttd<ling  podium  sulphate  to  an  t'xce!*s  of  phos-        ■ 
phoric  acid,  evaporating  and  heating;  to  upwards  of  31/)°  {GOiJ*^  F. ),     Po««>*ibly 
ihesc  several  mctuphoaphftti'H  may  be  repreaented  by  the  forniuloe  PO|Na, 
r,0,Na^  and  P/^Na^.      (Graham.) 

The  triba!4io  phoHphates  or  ortiiopbosphates  gire  a  bright-yellow  precipi- 
tAte  with  jK)lution  of  siWer  nitrate;  the  bibn^io  and  munobii»ic  |djoj»pha(e§ 
»(rard  white  precipitates  with  the  same  «iib«inuce.  The  m.hn  of  the  two 
lAtter  classes',  fused  with  exci'ss  of  soditim  curbonate,  yield  orthi>piio8phoric 
acid, 

Reapecting  the  phosphates  intermediate  in  cotnpo»ilion  between  tlie  meta- 

Shosphate   and   pyroplto*<phate   of  Bodium,  dtsoovered  by  Fleitmann   and 
[enneberg,  see  page  2H7- 

SoDiVM  Borates.  —  Tbe  neutral  horafe  or  mfiahoratf,  BO^Na,  or  B^Oj.ONa,, 
ia  formed  by  fusing  common  bornx  and  sudium  carbouiite  in  eqiiivuleni 
proportions,  and  diss^olving  the  iimm  in  water.  It  formtj  hirge  crystals 
coalaiatnfc  BUjNa.30H,^. 

The  Anhydro&oratf,  Jiiharatc,  or  Borax,  21SO,N!i,B/»,.10Ori  =  2B2Oj,0Naj. 
lfM)FI.»  ocmirs  in  the  waters  of  certain  bikt'y  in  Thiln^t  >unl  Persia:  it,  18  im- 
ported in  a  crude  etato  from  the  Eai*t  Indies  under  the  tiatnc  of  lineal, 
Whun  purified  it  constitutes  the  borax,  of  ooiuinerce.  Much  borax  is  now, 
hovreirer»  maaufacturod  from  the  native  boric  aciil  of  Ttiscfiny,  and  al«o 
from  a  native  calcium  boraie  called  hayrmnf^  wbicli  occurs  in  t^outhern  Peru. 
Borax  cry^iitairues  in  six-sided  prisims',  which  effloresce  in  dry  air,  and  re<]uir© 
20  parts  of  cold,  and  6  of  boiling  water  for  solutiun.  Kxposcd  to  heal,  Ihe  10 
moTleoules  of  water  of  cryHtallixation  are  expelled,  (\nd  at  a  higher  leoipera- 
lure  the  salt  fuse>»,  and  assumes  a  gla>«f*y  appearance  on  cooling:  in  this 
state  it  is  much  used  for  blowpipe  experiments,  the  metallic  oxidejs  dissolv* 
ing  in  it  to  transparent  beads,  many  of  wiiich  are  diytingniwhed  by  charac- 
teristic colors.  By  particular  munagetneni^  crystals  of  borux  can  be  ob- 
iamcd  with  5  molecules  of  water:  ibey  are  \v!ry  hard,  and  permanent  in 
the  air.  Although  by  constitution  an  ncid  sidt,  borax  hafi  an  alkaline 
reaction  to  test-paper^  it  is  used  in  the  arts  for  soldering  metals,  its 
action  consUting  in  rendering  ihe  ^urfiici"*  tu  btj  joined  metallic,  by  dis- 
solving the  oxides,  nnd  it  sometimes  enters  into  the  conipoaitioD  of  the 
glaxe  with  which  stoneware  is  covered. 

Soonest  SuLPHTDE,  SNr^.  ^  Preparpd  in  the  same  tnnnner  as  potassium 
inastilphide:    it    separates   from   a   concentraled   solution   in   ocioltedral 
Irystal-s  which  arc  rapidly  decomposed  by  contact  with  the  jiir  inio  a  mix- 
"^lire  of  sodium  hydrate  and  iiyposiilphite.      It  fortus  double  sulpliur-isalta 
rith  hydrogen  sulphide,  carbon  bif?ulphide»  and  other  sulpliur-ncids, 
8odium  sulphide  is  suppi».tedto  enter  into  the  eonipositioii  of  the  benuti- 
glkl  pigment  ulirnmnrinr^  which  is  prrpurcd  from  the  /.j/M/f  iaznt^^  jind  i«  now 
Eiitated  by  artificial  rneiiurt.     An  infiumie  twixture  of  '17  kaolin,  lo  soiHum 
tllphat«,  22  sodium  carbonate.  IH  sulphur,  and  8  charcoal,  U  WavV^vV  U<iiv\ 
icnly-four  to  thirty  hoijr.f  in  ^argo  crucibles.     The  prodivcl  \\\vvft  oN^Vhau^s^ 
•  Mgain  boated  in  cast-iron  hoxcs  ut   a   moderate  leiv\pcraV\\Te  V\\\  V\\<i  \^- 
lired  tint  is  obtulned.     After  being  fiuely  pulteriied,  \9a&\\t&4  «wu4  eLT\<6^ 
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it  consiiiuies  commercial  uUmmarine.      The  composition  of  this  color 
yaries,  and  its  true  constitution  is  not  known. 


There  is  no  good  precipitant  for  sodium^  all  its  salts  being  Tery  soluble, 
with  the  exception  of  the  metantimonate^  which  is  precipitated  on  mixing  a 
solution  of  a  sodium  salt  with  a  solution  of  potassium  metantimonate ;  the 
use  of  this  reagent  is,  howcTer,  attended  with  some  difficulties.  The  pres- 
ence of  sodium  is  often  determined  by  negatire  evidence.  The  yellow 
color  imparted  by  sodium  salts  to  the  outer  flame  of  the  blowpipe,  and  to 
combustible  matter,  is  a  character  of  considerable  importance.  The  speo- 
tral  phenomena  exhibited  by  sodium  compounds  are  mentioned  on  page  88. 


AMXOKIUIL 

The  ammonia  salts  are  most  conveniently  studied  in  this  place,  on  account 
of  their  close  analogy  to  those  of  potassium  and  sodium.  These  salts  are 
formed  by  the  direct  union  of  ammonia  Nil,  with  acids,  and  as  already 
pointed  out  (p.  168),  they  may  be  regarded  as  compounds  of  acid  radicals, 
CI,  N0|,  SO4,  &c.,  with  a  basylous  radical  NH4,  called  amfnomum^  which 
plays  in  these  salts  the  same  part  as  potassium  and  sodium  in  their  respeo- 
tive  compounds ;  thus : 


NH, 

Ammouia. 

NH, 


NH, 


2NH, 


-f 


+ 


+ 


HCl  = 

Hydn>chloric 
acid. 

HNO3  r= 

Nitric 
acid. 

HjSO.  = 

Balphnric 
acid. 


NH4.CI 

Animoiilum 
chloride. 

NH4NO3 

Ammoniam 
nitrate. 

NH4.H.SO4 

Acid  Rmmoniam 
Bulpliate. 

(NH,),.SO, 

Ncutml  Hiiimoniam 
sulphate. 


The  radical  NH^  is  not  capable  of  existing  in  the  free  state,  inasmuch  as 
it  contains  an  uneven  number  of  monad  atoms :  it  is  simply  the  residue 
which  is  left  on  removing  the  atom  of  chlorine  from  the  saturated  molecule 

N'H^Cl.     Whether  the  double  molecule  N^Hg,  or  |      ,  has  a  separate  exist- 

NH4 
ence,  is  a  different  question.     Ammonium  appears,  indeed,  to  be  capable 
of  forming  an  amalgam  with  mercury ;  but  even  in  this  state  it  is  quickly 
resolved  into  ammonia  and  free  hydrogen. 

When  a  globule  of  mercury  is  placed  on  a  piece  of  moistened  potassium 
hydrate,  and  connected  with  the  negative  side  of  a  voltaic  battery  of  very 
moderate  power,  the  circuit  being  completed  through  the  platinum  plate 
upon  which  the  alkali  rests,  decomposition  of  the  latter  takes  place,  and 
an  amalgam  of  potassium  is  rapidly  formed.  If  this  experiment  be  now 
repeated  with  a  piece  of  sal-ammoniac  instead  of  potassium  hydrate,  a 
soft,  solid,  metalline  mass  is  also  produced,  which  has  been  called  the 
ammoniacal  amalgam,  and  considered  to  contain  ammonium  in  combination 
with  mercury.  A  simpler  method  of  preparing  this  compound  is  the  follow- 
fngr:  A  little  mercury  is  put  into  a  test-tube  wU\\  a  ^T*.m  ot  Vvjq  ci^  ^^it^a- 
sjum  or  sodium,  and  gentle  heat  applied;  comVinaWou  ^n^xx^^,  i»XViiTv^<i^\>^ 
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at  find  light.     When  cold,  the  Quid  atiinlgam  H  put  into  a  cnpaule,  nnd 

Dveretl   with   a   atrong  sidution  of  sjjl-aiuiiMiuiac,     The   producHoii  oC  an 

DimciDltLcal   iimaljcani   in^tiitilly  coiiirnvnceH,  the   inertiMry  inLTeu?<iiig   pro- 

a;iou»ly  in  voluirie^  nnd  becoming  <:[iii[t'  pmstjir.     The  iourL^as^c  of  wt-iglit  ia, 

owcvcr*  'juite   triOing:   it  varicH   troiu  i;A?r  ^"^  tiVu  l****"^'     ^^^^   *"   itaidf^ 

he  amalgiim  qiiicklj  decompoHe.s  into  iJiiid  mercury,  ainmoniu,  iind  hydro- 

en  ;   it  is  "luiie  poMsible,  indeed,  that  the  so-called  amjvlf^arii  mtiy  be  iiuiliing 

■ore  thnn  mercury  which  han  absrirbed  a  certuin  quantiry  of  ihi^se  ga^ea, 

iml  as  flilyer,  whon  heatetl  to  a  V4.»ry  high  tempfirnturc,  is  ciipahle  of  lukitig 

Ip  ifchuitt  twenty  Limed  its  voLuiuti  of  oxygen  gas,  whioh  it  giTes  up  again 

c»iding« 

Tb<?  following  oxp'^riments  lately  made  by  Weyl »  afford  Jomewhat  stronger 
ftdence  in  fitvor  of  the  Mepiiruti'  existi'iici?  of  nmmoiiiufii.     Whan  liiuips  of 
ire  bright  sudium    are  placed   lil    one   tjnd  of  a   beiii  tube,  a   rtusiiiiity  of 
liver  chloride  previ<mwly  sahimliMl  with   ammonia-gas   at   tht^   oilier,  the 
ubo  then  $>eale4l,  Iticeinl  coiituining  tbe  jjiilver-cldurtde  healed  in  a  bath  of 
am  chloridu,  and  the  other  end  immersed   in   cold  water,  the   HtMlium 
Ills  lip,  and  is  converted  irifo  a  iMiuid,  which   In  copper-red  by  perpen- 
Kcularly  reflected,  greeninh-ytdlow   by  ohliquely  reflected    light*    blue    in 
thin  films  by  triinHniitted  light.     Thj*f  li^jiiid  is  miUunmomnm  S\Fl^Na^*  that 
j        §9,  ammonium  N  Jl^  hiiving  two  of  itn  liydr«!gen  aturn^i  replaced  Ity  :^oiliiuui» 
A«  the  silver  cliloride  enols^,  i»o  i  ihe  nmmonia-gas  in  reabi*orbed.  the  8o<lam- 

Imonium  decomposes  and  pure  wudiunj  reinaina  hehimi*  having  a  dull  surface 
itid  spongy  texture.  Uy  again  heating  the  silver-chloride^  the  eooipound 
Bay  be  reprodticeil  any  number  of  (tines 
r  Potiummmonmttu  N^H^K^?,  is  prepared  like  sodammonium,  and  exhihks 
llnillar  properties. 
►  Other  metallammoninms  ma^'  be  prodttoed  by  the  decomposilion  of  so- 
liiiim-  or  pot{i!^y-)imtnotdn[ii.  Thus  when  a  mixture  of  a  metallic  chloride  or 
oxide  with  an  equivalent  quantity  of  sydium  is  exposed  in  the  manner 
'  above  described  to  the  action  of  amniouia-gjis,  the  gas  it*  first  abs^orbed  by 
^^^be  metallic  chloride  (or  oxide)  and  afterwards  by  the  stodiunit  the  sodam- 
^HhBoniiim  thus  formed  flowing  over  the  metallic  salt,  and  reacting  upon  it 
^V^iihout  much  rise  of  temperatnro.  Wiih  a  mixture  of  barium-chlorido 
'        and  9odinm  the  reaction  appears  to  be: 


ScMlajauaouiatn. 


BaramuiuDlatis. 


2NH9NttCL 

ClilMri<U»  of 

SodAtiitituaiuai. 


I 


Bnrftmmomum  forms  a  deep  bbie  liquid  having  a  tnetnllie  lustre.  —  Oy- 
er-, M^mrff,  and  Hilvfrfimrnmvium  are  obtained  in  like   manner  from   the 
e»pective  ehlorides,  and  Zincammoniutn  from  the  oxide.    These  eompoitnda 
f«  Ukewine  very  unstable,  being  resolved,  even  in  the  sealed  fnbe,  into 
|li^  (which  nppeurs  gray,  dull,  und  do^titute  of  coherence)  and  ammonia. 
n'ihe  arrangement  just  deBcribed  the  metallic  chloride  be  replaced  by 
I  Bininoniuni-!*alt.  f^^,,  NH/^l  or  (Nn^)^.SO^,  tiimilar  reactions  take  place, 
id  the  tube  becomes  filled  with  a  blue  liquid   mixed  with   excess  of  am- 
bonia.     This  blue  liquid,  which  is  also  formed  by  the  action  of  potnesiutn 
kydrate  on  pota»aamn*oninm,  appears  to   connist  of  ammonium  il»elf.  NjHg. 
*  is  even  more  unstable  than  the  metallammoniuma*  being  resolved   into 
mmotiia  and  hydrogen,  partly  even  before  the  reaction  Ixjtween   the  arn- 
DMnium-salt  and  the  sodammonium  ia  completed. 
But  whether  ammonium  has  any  separate   existence   or   not,  it    h  qnrle 
prtain  that  many  aaimoniacal  nalts  are  isomorphous  with  those  of  poia^- 
'mum;  and  if  from  any  two  of  the  corrcspo tiding  Bt^Uft,  i^a  W\«  vCxUilV^'^ 

*  rpgir.  Aao.  cxxJ.  WT. 
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KNOj  iind  NH^NOj,  we  Hubtmct  tlie  radical  NO,  commoo  to  Ihe  twd»  Ihero 

reniAiu  I  be  metal  K  antl  the  group  NH^,  vrbich  are»  Ibereforc,  supposed  to 
be  iaamorpboua, 

Ammokicm  CntoBiDE,  3At-A«>iONiA€,  NH^Cl. — Sal-ammomac  wiui  foF- 
merlj  ubtaini^d  from  Egypt,  being  extrncted  bj  emhltiimtion  from  the  soot 
of  cami^s'  duug:  it  i»  now  largely  manufactured  from  Ihe  axtimoDiac&l 
liquid  of  the  g&i-works,  and  from  the  eoDdvnsed  products  of  the  distilUticm 
of  bunefi^  and  other  iLnimal  refuse,  in  the  prepiiration  of  animal  charcoal. 

These  impure  and  higlily  offensire  solutions  are  treated  with  a  slight  ex* 
oeas  of  hydrochloric  acid,  by  which  the  free  allcali  is  neutralized,  and  tht 
Ciirbonate  and  sulphide  are  decomposed,  with  evolution  of  carbonic  acid 
and  sulphuretted  hydrogen  gases.  The  liquid  is  evaporated  to  dryness, 
and  the  »aU  carefully  hfated,  to  expel  or  decompose  the  tarry  matter;  it 
is  then  purified  by  subtimatioo  in  large  iron  veuaels  lined  with  clay,  sur- 
mounted wi*h  domes  of  lead. 

Sublimed  »al-ammonJaG  has  a  fibroua  texture;  it  is  tough,  and  difficult 
to  powder. 

When  crystallized  from  water  it  separates,  under  favorable  circumstances, 
in  distinct  cubes  or  octohedrona  ;  but  the  cryffiulij  are  usually  small,  andag- 
gregflted  together  in  rays.  It  has  a  sharp  sialiue  laste,  and  ts  soluble  in  2J 
parts  of  cold,  and  in  a  much  snijilltjr  i|uanlity  of  hot  water.  By  heal*  it  is 
sublimed  without  decon»po«iiion.  The  crystals  are  auhytlrous.  Ammonium 
chloride  forms  double  sabs  with  the  chloridet)  of  magnesium,  nickel,  cobalt, 
iron.  Manganese,  mc,  &nd  copper, 

Ammoniuw  Nitbatb,  NO-(Nlf^),  is  easily  prepared  by  adding  ammonium 
carbonate  to  slightly  dilute  J  nitric  acid  until  neutralization  lias  been  reached. 
By  slow  evaporation  at  a  moderate  teniperntore  it  crys^tallizee  in  six-sided 
prisms,  like  those  of  potassium  nitrate  j  but,  as  usually  prepiired  for  making 
nitrogen  monoxide,  by  <|uick  boiling  until  a  portion  solidifies  completely  oU 
cooling,  it  forinisi  a  fibrous  and  indistinct  crystnllinc  mass. 

Ammonium  nilrato  dissolves  in  two  parts  of  cold  water,  producing  con- 
siderable depression  of  temperature;  it  is  but  feebly  delicjuejicenl,  and 
defiagrnteg  like  nitre  on  contact  with  healed  combustible  matter.  Us  decom- 
position by  heat  has  been  already  explained  (p.  169). 

AMMoyiUM  Sulphate,  S0^(NH/)3.^ — Prepared  by  neutralizing  ammonium 
carbonate  with  sulphuric  acid,  or  on  a  large  scale,  by  adding  sulphuric  acid 
in  excess  to  the  coal-gas  liquor  just  fnentionedp  and  purifying  the  product 
by  suitable  means.  It  is  soluble  in  2  parts  of  cold  water,  and  crystuUivea 
in  long,  fattened,  six-sided  prisms.  It  is  entirely  decompose*!,  and  drivea 
oi"  by  ignition,  and,  even  to  a  certain  extent,  by  bmg  boiling  with  water, 
ammonia  being  expelled  and  ihe  liquid  rendered  acid. 

AMMONirjf  C.\nttoKATK«  — H.  Rose  admits  the  existence  of  a  considerable 
number  of  ihese  salts,  to  which  he  assigns  vf^ry  complicatcil  formulse;  hut, 
accnriling  to  H  Sainte  Claire-Deville,*  there  exist  only  two  ammoiiiutn 
carbonates  of  definite  coTnpo«ilion,  namely: 

{t}  )  Ammonium  and  J/i/drof/f-n  Curhontiff,  or  Mono-ammonic  Carhonatf„ 
Cnj(NH^).II,  commonly  called  liictirftontjff,  or  Arid  mrhotmif.  «/  ammonia, — 
This  salt  is  obtained  by  saturatitig  an  acjueous  t^nlution  of  atnuinnln,  or  of 
the  j»eSf|Viicarboaate.  with  carbonii?  acid  gns ;  or  by  troutingthe  fineh  pounded 
se^C|uicorbonate  with  strong  alcohol,  which  dissolves  out  normfti  or  dinm- 
monic  cttrbonatc,  leaving  a  rcwiihi©  of  the  mono«amnionic  salt.  Told  water 
IBM/'  be  used  insieud  of  alcohol  for  this  purpose ;  but  it  disaolTea  a  larger 
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Lquantily  of  the  mono-ummonk  carbonate.  All  animoTiium-cftrboniitcs  wben 
[Itirt  Iti  ihtMiiselves  are  gmiliuilly  converted  inio  luoiio-umujuiiic  carboimte. 
[  This  sail  forms  large  crystals  bi'longing  to  the  triiiH-tric  .system.  According 
to  iJpvUk*  it  tfi  diniorphoiirt,  hut  never  iaoniorphou!^  willi  munopofjissic  tinr- 
[lionato:  wUon  exposed  to  the  iiir.  it  vnlaliliieB  f<lo\vly,  and  gireis  olf  a  fiiint 
iuitnoniacal  odor*  It  dissolves  in  H  parts  of  cold  water,  ihc  goluiion  dctwjm- 
I'poain^  grjidiinlly  nt  ordinary  tempL-niritrt-H,  (|Miokly  when  honied  »Imi%-o  iKP 
|C.  (Hti°  F. )  with  cvolntlon  of  amniniiia  It  is  ini^ohihk"  in  alcohol,  tmt  when 
lexpo.^ed  to  tho  airp  under  alcohol,  it  diitsolvea  tks  tiortuul  cdrhotiati?,  evolving 
I  carbon  dioxide. 

It  ha^  been  found  ualiye  in  corasidcrablo  qiiantit  j  in  the  dcpositji  of  g^Ano, 
Ion  the  western  coa»t  of  Patagonia^  in  white  cryslalUtie  luasset;,  having  a, 
|litrong  auinioniAcal  odor. 

{ft.)  Tttrmnmonio-dihydric  Carbonate,  CjO^N^H^ -=:  (COj^jfNHJ^H,.  —  This 
fsalt,  cortimonly  called  teJiqui-carfjonate  of  ammonui,  conl:iiiiH  itii''  elemenlH  of  1 
Ffnoleculc  of  dlammonic  iind  2  nioleoyjeji  of  luono-ainTuonic  carbonate,  into 
Iwhich  ii  ia,  in  fact,  resolved  by  treatment  with  water  or  alcohol : 

(CO,),(NH.)A    =    CO,(NH«),    +    2[(C0,(Nn,)II]- 

It  if  ohtAined  by  dissolvinjr  the  commcroiiil  carbonate  in  strong  aqueous 

Fummoniu^  at  about  atP  C.  (Hti**  F.)  and  cryKlalliiing  the  solution.     It  forms 

L large  transparent  rectangular  priHius,  having  their  Hummita  truncateil  by 

J'octohcdral:  t'nces,    The,<*e  cryBtala  decompose  very  rapidly  in  the  air.  giving 

Ijoff  water  and  ammonia,  and  btjing  converted  into  inono-ammouic  CEirhonnte* 

The   normal  or  (fiammofn'c  carhoniih%  COj(Nn^)j,  haa  not  been  obtaitivd  in 

I  the  »oJi<l  state.    Commercial  carbonate  of  ammonia  [9al  tfolttiiU,  unit  of  harts- 

\hnm)  eonsi^ta  of  eeH(|at-carbonate  more  or  lees  pure.     Ii  is  prepared  on  the 

rHrgc  scale  by  the  dry  distillation  of  bones,  hartshorn*  and  other  animal  mat- 

ler,  and  is  purified  from  adiiering  empyreumntic  oil  by  !*nbliming  it  once  or 

twice  with  actininl  charcoal  in  cast-iion  vessels,  over  wliieb  glass  reeeivcra 

are  inverted.     Another  method  consiats  in  healing  to  rednes^s  a  mixture  of 

1   part  ammonium  chloride  or  Hulphate,   and  2  parts  caleiuni  oftrboimte 

[(chalk),  or  potims^ium  carbonate,  in  a  retort,  to  which  a  receiver  \9  luted. '^ 

AMMONirikt  SuLrFTiniis. — Several  of  Ihese  cotnpounds  eii^t,  and  may  bo 
formed  by  disliillng  with  sabaunnoniac  the  corresponding  sulphides  of 
otas-^iurn  or  sodium. 
Ammonium  and  Hy^drogen  Sulphide^  or  Ammonium  Sulph-^hydratf,  8(NTr^)ir, 
111  A  compound  of  great  pructical  utility  •  it  is  obtained  by  ttaturatiug  a  solu- 
tion of  ammonia  with  weU*washeil  sidphuretled  hydrogen  gars.  uolil  no 
lunre  of  the  latter  is  absorbed.  Tlie  sidution  is  nearly  colorless  ni  tirni,  but 
l>ef*oine»  yellow  after  a  time,  without,  however,  suffering  material  iignry, 
imlesH  it  huft  been  exposed  to  the  air.  It  gives  precipitates  with  most  metal 
lutloni,  which  arc  Tery  often  chAriicteriaiic,  and  is  of  great  serrice 
.lytical  chctuiatry. 


AmmotiiAcal  salts  are  easily  recognissed  ;  they  are  all  decomposed  or  voIa- 
tilized  ikl  a  high  temperature;  ami  when  heated  witti  euleium  hydrate  or 
lolutiou  of  alkaline  carbonate,  they  give  off  ammonia,  which  may  be  recog- 

[  •  IhttmmfmifiHkviIHe  FhntrfthaU :  (\rmmtm  THhatic  PJi'yiphaU,  PO^  2(Nn*iH.Ori5.— Tlii»  Mill 
I  prrimri.*!  tiy  prn<M|ilttit{tifr  llir'  n  frl  rahliiia  plioxptniti^  with  nfi  fxt:%^*.n  nt  thv  i:(»iiuiiit<-ri:'ittl  Jini- 

|tut»lt*«  ilcrn ' 


^7 


ihir  |irii#iu*     Tlin  rryHi.iIii  nll^^olvt?  ju  4  jmrt*  of'wMliwr  and 
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niferl  by  iU  {kIot  and  AlkaUne  r€actioti.  The  alia  mrt  «11  more 
toliihle  \  ibe  acid  tartrate  and  the  platinoehloride  beinf,  however, 
the  1«a»l  iKflable ;  hence  ammonium  salts  canoot  be  diHiAguiahed 
potamiiuni  »alte  by  the  t«sta  of  tartaric  actd  and  f»latiniuii  totulion,  H 
a  9o\ntUiti  eotitaitting  an  ammoniaetkl  §ah,  or  free  aiiuiioaita,  ia  mixed  i 
patujili.  and  a  BoUiUon  of  mrrrurir  todui*'  iu  poOistfatm  iodide  badd^d,  ftbrotm 
prcicipttate  or  coloration  i»  immediately  jjri>ducedf  eoacbtiiig  of  dimoreitr- 
aitimooium  iodide,  T^llg^'li 

NII^  4-  2Hg^'T,  =  Nng"J  +  SHt 

THli  \%  called]  Kesster's  lest ;  it  b  hy  far  the  most  delicate  t^et  for 
that  ii  known. 

Amk  Aeidi  and  Amtdet. 

Si  i.i'iiAHic  Arip.  ^ — When  dry  ammonia  gas  is  pasted  orer  a  ihin  layer 
of  Kiilpliuric  oxide  S0|,  the  gtui  is  absorbed,  and  a  white  crystalline  powder 
in  ftjnijt^d,  having  thv  eoiupoiiiLion  N^H^SU^t  that  la,  of  ammonium  sulphate 

minuM  one  molecule  of  water; 


"^ 


II  l( 


ni^(,  howerer,  a  ealt  of  friilphnric  acid:  for  its  aqueous  solution  d 


tiol  glvii  tkuy  preoipttatc  with  baryta- water  or  soluble  barium  salts.  U 
in  fiicl^  the  amnioiiiutn  Bali  of  tu/pharmc  atid^  an  acid  derived  from  sulphurio' 
acid,  S04lf,  or  StyHO)^,  by  Bubstitution  of  the  univalent  radiciil  KH,*  for 
one  atom  of  hydroxyl,  HO.  The  formula  of  thi»  acid  ia  SO^^NH^)!!,  and 
liiai  of  its  atfimoniuii)  vult,  ^^^(Nll^lXII^,  or  SO^N^H,.  Ammonium  sul- 
phutnato  in  permanent  in  the  air,  and  disEi^olves  wilhotit  decomposition  in 
water  Itfi  iolution,  ovapormtcd  in  a  vacuum,  over  oil  of  vitriol,  yields  the 
salt  in  transparent  color lesa  cry 8 tab. 

The  Bfilutioo  of  (be  auimoniuni  salt,  mixed  with  baryta- water,  gires  o] 
ttiiimf>nia,  ami  yieltb  a  solution  of  barium  mlpfmmat^y  (SUjNHa),Ba'^,  whi 
may  be  obtained  by  evaporation  in  well  defined  crystals;  and  the  solutiott 
of  this  Bait,   decomposed  with  polaasiuia  Bulphale,  yields  ^&iat9mm  #W- 
phartuite,  SOjNHjK- 

Caruakic  Acid.— When  dry  ammonia  gaa  is  mixed  with  carbon  dioxide, 
the  mixtnro  being  kept  cool,    the  gases  combine  in  the  proportion  of  % 
volumes  of  the  former  to  1  volume  of  the  liitler,  forming  a  pungent,  very  I 
volatile  Bubstonce,  which  condenses  in  white  flocks-     This  substance  haa  < 
the  composition  CO,N,TJ^,   that  is,  of  normal  iimnionium  carbonate,  C0| 
^Nll^)j,  minus  one  molecule  of  water.     It  was  formerly  called  anhydroiu  cat' 
tmmtt^!  of  ammonia ;  but,  like  the  preceding  nalt,  Ih  not  really  a  carbonats^i 
but  the  ammonium  salt  of  mrbamic  aeid,  CO^NH-)!!,  derived  from  carbonii 
acid,  COjH^  or  COiOlf),,  by  eubstitution  ol  a^mjdogen  NH,  for  1  atom  of| 
hydroxyL     Anirnonium  eurbamate  dbsolves  readily  in  water,  and  nulcklj^ 
takes  up  one  molecule  of  that  compound,  whereby  it  la  converted  into  am- 
nioniiim  carboimte«     When  treated  with  Bulphurio  oxide,  it  is  converted  into 
ammonium  sulphamate. 

Carbahidi,  C0N,H^.  —  When  ammonia  gas  is  mixed  with  carbon  oxy« 
obloride  or  phosgene  gas,  CQCl,,  a  white  crystalline  powder  Is  formed, 
iLaving  this  compottitiou: 

C(>C1,  +  2NII,  =  2Hn  +  CON.IT.. 

This  compound,  which  is  Ukewiae  formed  in  other  reactions  to  he  after- 
wsrds  coa9i4eredt  is  derived  from  carbonic  acid,  CO(OH)|,  by  sabslliution 
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of  2  ntoms  of  wnidopen  for  2  aiocos  of  hjflroxyL  It  differs  from  carbamic 
noid  iti  being  a  neutral  t^ubatrnticc^  not  coiitaitiing  any  hydrogcu  easily  re- 
placeable by  metals. 

Olh«r  bibaijic  acidj)  llkcw^Jse  yield  an  aoitc  acid  and  a  ncutnd  amide  by 
substitution  of  1  or  1!  atoms  of  auiidog«n  fi>r  liydroxyL  Tribagic  actdn 
yield  in  like  manner  two  aiuic  aoidu  and  one  ticutnil  uiuide,  and  teiraba:$ic 
acids  may  yield  ibroe  amic  aeidg  and  a  titJiitral  aniidt^ ;  tliuM,  from  pyro- 
pUosphoric  acid,  P.jO-!I^  :i^  Pjt7JHO^),  are  obiained  Lbe  Lbrce  aujic  ucida 

Monobatiic  acid»,  whick  contain  but  one  atom  of  hydroxy  1,  yi<dd  by  Ihii 
mode  of  substitution  only  neiiiral  amides,  no  amic  acida:  thus,  from  acetic 
acid,  CjU^O^^C^n^(\AlO,  in  obtained  acetamide,  Cjll^OlNH,). 

The  neniral  amide.s  may  also  be  re j^arded  as  deriTcd  from  one  or  more 
molecules  of  ammonia,  by  Bubatitution  of  univalent  or  muitivHieni  acid 
radicals,   for  hydrogen;    tbits^    aoetamide  =  N'^^lUOjHjO);    carbamide 

tfl'^'H  (CO)'^  &c. 
By  similar  substitution  of  metals^  or  basylotis  compound  radicals  for  ibe 
liydrogen  of  ammonia,  basic  comjioumls,  called  amines,  arc  formed.  Thui^, 
when  poiaasium  is  genlly  heated  in  ammonia  gas»  monopottusammt,  NH,K, 
ifl  formed.  It  i»  an  oltvegreen  substance,  wlaicb  in  decomposed  by  water 
into  ammonia  and  potassium  byiirate: 

^  NHjK  +  OH,  ^  NHj   H-   OKH. 

^Ht  m«lt4  at  &  liule  below  1(KP,  and  when  healed  in  a  eloae  Tesseli  la  resolved 
^Blnlo  ammonia  and  tripoiuuamme: 

B  8NH,K  =  2NH,  +   NK,. 

^■^he  latter  cfferrescea  violently  with  water,  yielding  ammonia  &ad  poUa* 
^*«ium  hydrate: 

NK,  -h  SOUj  =  NH,  -I-  30KH. 

The  formation  and  prop^rtiet  of  amidea  and  amiuea  will  be  farther  con- 
sidered under  Organic  Chemistry* 

MRTAttA^MMONirMs, — We  have  already  spoken  of  the  formation  of  com- 
potind.«)  which  may  be  regarded  as  derived  from  ammonium,  NjHj,  by  sub- 
ptitufion  of  melab  for  hydrogen:  f.  -7.  sodammonium,  N,II(Na^.     8alts  of 
Fieuoh  radicals  are  aliio  formed  in  Bcvcral  ways.     Ammonia  gas  is  absorbed 
llby  various  metallic  tjalts  in  different  proportions,  forming  com  pounds,  some 
lof  wliich  may  be  formulated  aa  aalla  of  nietallaranioniums.    Thus,  platinum 
f  dichloride,  PtPlj,  absorbs  two  molecules  of  ammonia^  forming  pl^itotnmmo- 
bun  cAioridf.,   NjHgPt"Xl,;    and   platinum    tetrachloride,    PtH.1^,  absorb* 
[.four  molecules  of  ftmmonla,  forming  phfrnammonium  cHhrtde,  N^lL.^Ft^^.Cl^. 
lln  like  manner,  cupric  chlorfMc  and  sulphate  form  the  chloride  ami  ttdphaU 
'  ruprfimmnnium,  NjH/'u",Cl,  and  NJl/'ii".S04. 

Similar  compounds  ure  formed  in  many  cases  by  precipitating  metallic 

[palt^  with  ammonia  or  ammoniacal  salts:  thus,  ammonia  added  to  a  i<olntion 

^aierctirie  chloride,  llgCL,  forms  a  white  proripitate,  consisting  of  »/mifr- 

""        nnmm  <hforidf^  ^.^U^ug'^^.C]^;  and  by  dropping  a  solution  of  raer- 

I  chloride  into  a  boiling  solution  of  Babammoniac  mixed  with  free  am* 

QoniAt  crystals  are  obtained,  consisting  of  mermrfimmomtim  chioridr,  S^l\^ 

Ig'^CIj.     Some  of  these  compounda  will  be  further  considered  in  oon- 

neoiion  with  the  aeveral  metaU. 
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UTUiUX. 

Atomic  weight,  7.     SjttboV  U- 

Ltlhitzm  l§  foBiid  in  petalite,  «|MMiiiBi«fier  lepidolite.  tripbjniBe,  mm4 
few  aiber  miBerftlfl,  mtui  MMBCtimca  oocon  in  miBote  <|iiA]ititie«  m  mloer 

Tbe  meial  iv  obUined  bj  fusUif  pore  litliiiiB  cMoritie  in  m  sm%l\  tkie 
porc«l#ia  crucible,  and  deeompofiiii^  tbe  fused  cbloride  by  eledmit/. 
is  ft  vbhe  meUl  lik«  sodium^  and  verj  ozidiuble.     Llibiam  fu9«3  at  I! 
C.  (tniP  Fj;  iu  ep«eific  ^ravitj  U  0*^9:  it  is,  tberefor«,  lb«  ligbt«et  b<»1j 
knaiili, 

A  tilhitmi  salt  maj  b«  obtained  from  petalite  on  tbe  tmall  scale,  bj  thi 
foUoiring  process:  The  tnineral  is  reduced  to  aa  exceedinglj  fine  powiiel^ 
tnizeil  with  fire  or  six  times  ttj  vreigfat  of  pure  calciam  cmrbonatet  »()d  tb 
mi xt tire  lieated  t^  whiteaef^  io  a  plaunum  crucible  placed  within  a  we 
eovered  e art  hen  one,  for  twemy  minutes  or  half  an  hour.  TUc  «brunke 
coherent  masil  is  digested  in  dilute  hydrochloric  acid,  tbe  whole  evaporate 
to  drjneM,  acidulated  water  added,  and  tbe  silica  separated  bjr  a  fiUe 
The  «totuti'iQ  is  then  mixed  with  ammonium  carbonate  in  exceas^  boile 
and  filtered  J  the  clear  liquid  is  evaporated  to  drjnew,  and  gentlj  beaU 
in  a  platinum  crucible,  to  expel  the  sal-ammoniac;  and  the  residue] 
wetted  wtfh  oil  of  vitriol,  geutly  evaporated  once  more  to  dryness,  aii4 
ignited:  pure  fu*ed  lithium  sulphate  then  remains. 

This  prticps!^  will  nerve  to  give  a  good  idea  of  the  general  nature  of  tba 
operatjoQ  by  which  alkalies  are  extracted  in  mineral  analysis,  and  Ibe' 
quant itieff  determined. 

Lithium  hyeirttu,  Li  HO,  is  much  lens  soluble  in  water  than  tbe  hydrate 
of  potassium  and  soilium;  the  earLonafe  ^txA  phoxyhatt  are  also  sparingll 
soluble  salts.     The  chloride  cry»tjilliz(>4  in  anhydrous  cubes  which  are  deli 
quencent.    Lithium  tulphate  is  a  very  heiuitiful  ^al( ;  it  crystnllixeH  in  Icngf  li 
ened  prifimi  containing  one  molecule  of  water.     It  gives  no  double  sallj 
with  aluminium  sulphate. 

The  MaltH  of  lithium  color  the  outer  flame  of  the  blowpipe  earmine-re 
The  npeetral  pheuomena  exhibited  by  liihJum  compounds  are*mentione 
on  page  89. 


CJESI¥M  AUB  EUBmiUM, 
Cs=  1S8.  —  lib  =  «15  4. 


Th(?  (wo  metals  designated  by  these  nnmeH  were  discoverecl  by  Bunsen 
find  Kifclihfiflf  by  moans  of  their  spectruiu  appnniUiB  menliont'd  on  pug 
H«:  thi^  forraer  in  18*»()  and  Mip  liUler  in  1801.  The^e  nit-tnK  it  nppeartj 
are  widely  iliffuscd  in  nature,  but  alwfty8  occnr  in  very  Hmall  quiintitiisl 
Miey  have  been  di^tecti-d  in  ninny  minpral  walera,  as  well  iih  in  nome  niilK 
eralK,  namely,  lithia-mica  iir  Icpididitf",  and  petalire:  lately  also  in  fell 
upar;  they  hav**  rIko  been  fonrtd  in  the  nlkuline  a!*hr»  of  (lie  boet-roo^ 
The  brine  of  Dlirkheim  hiif  iif  lo  the  prenent  moment  hin-n  Ihe  richei 
source  of  oirKiiifii,  Thr  b(v«t  iniMeriiil  fnr  the  prepjiraiion  of  rubidium,  ij 
lepiiicklJte^  wlijih  lian  h«*iMi  found  to  corihiin  lis  rnuoh  uh  02  per  ceni, 
/Jmf  mvinl      Hath  mefiils  are  cloRidy  nniilofrouH  to  pohissiuni   in  their  de- 

porttfit*nt,  and  cnniuit  be  diaiinftivinVied  i'rnin  y.\ito\  m*s\u\  *it  ^^c^im  Q\ift  another,^ 

miiiff  t^  fPi$gi*nt»  or  before  tbe  hlowpvpe. 
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Itubidium  ofifl  cfcsium*  like  potaasium*  form  double  Balls  with  teira- 
chlorklt'  of  pljitinutii,  which  are,  bowevor,  iiiuoii  in  ore  inHalublo  than  tho 
beorre^ipoiidiug  poiii«»iuin  salia;  it  is  on  this  property  tJmt  lUe  aepnrfttion 
I  of  llioae  meliilii  friim  pota.s»iiim  i^  bA^cd.  The  mixture  of  plutmoelibrndes 
IB  repeatedly  eitracled  with  boding  water,  when  a  diflicultly  soluble  re- 
i  eidue,  consiatitig  chiefly  of  the  platiciochlorideij  of  ciuijium  atid  rubidium^ 
[  remain!** 

The  hydralea  of  these  new  metals  are  powerful  hasea,  which  attract  car- 
[  bonic  acid  from  the  air,  pusaiug,  first  iiito  uormal  ciirbotiatc  and  then  iuto 
I  acid  carbonate.  Crosiuiu  omrboimte  is  i^nlyblo  in  absolute  alcohol;  rubi- 
i  dium  carbonate  is  nearly  insoluble  in   that   liquid:  this    jircipt^rty  is  made 

8  of  for  the  separal ion  of  these  two  metiilsi.  The  chloride  cryatallixea 
Lin  cubes,  and  is  gomewbat  more  soluble  in  water  ihau  chloride  of  potas- 
Itium. 

lliibidium  cliloride,  when  in  a  j^iate  of  fui«ion,  is  easily  decomposed  by 
[  the  electric  current ;  liie  metal  prod ticed  risetf  to  the  surface  and  burns 
I  with  a  reddiiih  lipht.  If  this  experiment  bv  porforineii  in  an  atmosphere 
[l>f  hydrogen*  to  prevent  oxidation,  the  separated  nietsd  iw  nevertheless  lost, 
[diedolring  a8  it  does  in  the  fused  eliloride,  which  in  transformed  into  a 
kftubchloride  having  the  blue  color  of  smult,  Eubidium,  when  separated 
I  under  mercury  by  the  electric  current,  forms*  a  cryptiilline  amalgam  of  sil- 
iTTcry  lustre,  which  is  riipidly  oxidiied  by  the  air,  and  deeomposes  waler  in 
Jllic  cold.  Ovsiiim  chloride,  under  the  influence  of  the  electric  enrrent, 
[fshibits  exactly  the  €iame  deportment  as  rubidium  ch<iride.  Rubidium  la 
I  •lectro-pOs'^itivc  towards  pottiNsiiiin,  ctesiuui  is  electro-poyitivc  towards  ru- 
I  btdium  and  potassium,  and  thuii  con»tUuteB  the  most  electro-poBltive  member 
I  of  Ihc  elements. 
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BIXTEE. 

Atomic  weight,  106.     Symbol,  Ag  (Argentum). 

Silver  is  found  in  the  metallic  state,  as  sulphide,  in  union  with  sidphide 
of  antimony  and  E^ulphide  of  arsenic,  al^io  na  chloride,  iodide,  and  bromide^ 
Among  the  principal  silver  mines  may  be  mentioned  tho-e  of  the  Harti 
mountains  in  Germany,  of  Kong<<ibcrg  in  Norway,  and,  more  particularly, 
of  the  Andes,  in  both  Nurth  and  South  America. 

The  greater  pari  of  the  silver  of  commerce  is  extracted  from  ores  so  poor 
ms  to  render  any  process  of  *md(in»j  or  ftiMou  inapplicable,  even  where  fuel 
could  be  obtained,  and  this  is  often  diHicult  to  be  procured,  Kecourse^ 
therefore^  is  had  to  another  method  —  that  of  amali^timatum  —  founded  on 
the  easy  solubility  of  silver  and  many  other  metals  in  metallic  mercury. 

The  amalgamation  procew  adopted  in  Germany — which  differs  eoinewbat 
from  that  in  ufse  in  America  —  is  as  follows:  The  ore  is  crushed  to  powder, 
iriixed  with  a  quantity  of  common  salt,  and  roasted  nl  a  low  red  heat  in  a 
euitablc  furnace,  by  which  treatment  any  sulphide  of  silver  it  may  contain 
is  converted  into  chloride.  The  mixture  of  earthy  matter,  oxidcB  of  iron, 
copper,  soluble  salts,  silver  chloride,  and  metallic  silver,  is  sifted  and  put 
into  large  barrels  made  to  revolve  on  axes,  with  a  quantity  of  water  and 
scraps  of  iron,  and  the  whole  is  agitnted  together  fur  some  time,  during 
which  the  iron  reduces  the  silver  chloride  to  the  state  of  metal.  A  certain 
proportion  of  mercury  is  then  introduced,  and  the  agitation  repeated:  the 
mercury  dissolves  out  the  silver,  together  with  gold,  if  there  be  any,  mettd- 
lie  copper,  and  other  subst;inces,  forming  a  fiiiid  amalgam  easily  separable 
frottt  the  thin  mud  of  earthy  matter  by  subsidence  ond  washing.  This 
Amalgam  is  strained  through  li  strong  linen  cloth,  &iid  t\i«  v>\v^  '^t^\nt 
27* 
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cxp<)H(?d   lo  heat   in  a  kind  of  r«  tor(,  by  uliicli  the  remaining  mercury  In 
duHtilk'tl  off  iiiul  the  j^ilvt'i*  Iclt  beliiiid  iu  »n  iriiinire  Btnio, 

Consideruble  lusa  oltfii  occurs  iii  tli«  luuiilgiirBatioii  process  from  Ibe  com- 
binutnni  of  ft  pi>rUori  of  tUe  mi?reury  with  sulphur,  oiygen,  &c  *  wiiere-bj] 
iL  in  brought  into  a  pulverulent  condition,  knouii  as  '^Uouriuj?/'  and  ta  thi'H  I 
liiible  to  be  waalied  awayf  together  with  the  siWor  it  hus  taken  up.  ThiAi 
ineonveniencc  may  be  prevented,  u»  8iiggcsted  by  Mr,  Crooken,  by  amalgn-  I 
mating  the  mercury  with  1  or  2  per  cent,  of  sodjiim,  whicli  h^-  iti*  nuperior  1 
affinily  for  sulphur  and  oxygt*n,  prevents  the  mercury  from  becoming 
floured. 

A  eoijsiderable  quantity  of  eiher  ts  obtained  from  argentiferous  galena: 
in  facti  alm<j:*t  ^%*ury  specimen  of  imtiv*?  lead  sulphide  la  found  to  contain 
Iraces  of  this  metal.      When  the  proportion  ritnes   to  a  certain  amount,  it  J 
bccomefl  worth  extraeting.     The   ore   is  reduced  iti  the  ueiml  manner,  th« 
whole  of  the  silver  remaining  with  the  leod;  the  luHer  is  Ihen  re-njelti?d  in 
a  large  veaseb  and  allowed  lo  cool  »lovvly  until  solidification  comtitencea. 
The  portion  which  first  cryatallixeR  is  nearly  pure  lead,  (he  alloy  with  silver  ' 
being  morr  futibie  than  lenditseff:  by  particular  managemenl  lhi»  is  drained| 
away*  ami   it*  found  to  conlain  nearly  the  whole  of  the  t*ilver  [Fattinson**  j 
process].     This  rich   mii.ss  is  next  exposed  lo  a   red  heat  on  the  shnllofi 
heurth   of  a  furnace,  while  a  stream  of  air  is  allowed  lo  impinge  upon  it«^ 
surface;  oxidation  takes  place  wiih  great  rapidity^  the  fussed  oxide  or  liiJi- 
Ai'ge  being  constantly  swept  from  the  metal  by  the  blast.    When  the  greater' 
part  of  the  lead  has  been  thoH  removed,  the  residue  is  trnnsA  rred  to  a  ciqsfl 
or  Hiullow  dish  timd«  of  botic-ashe?,  atid  again  heated:  the  las!  portion  of 
the  lead  is  now  oxiiltzed,  and  the  oxide  sinks  in  a  nielted  state  into  tho  ' 
porous  vessel,  while   the  silver,  n1mo!<!t   chemically  pure,  and  exhibiting  %\ 
brilliant  surface,  remains  behind. 

Pure  silver  may  be  easily  obtained.  The  metal  is  dissolved  in  nitric  acid; 
if  it  contains  copper,  (he  solution  will  huve  a  blue  tint;  gold  will  remiun 
undissolved  as  a  black  powder.  The  ttnlutiofi  is  mixed  with  hydrochloric 
aciil  or  with  coifinion  salt,  imd  ihe  white,  insoluble,  etinly  precipitate  of  sil- 
ver chloride  is  washed  and  dried.  This  is  then  mixed  with  about  twice  iU 
weight  of  anhvdrouH  sodium  corbotiaie,  and  ihc  mixture,  placed  in  an 
earthen  crucible,  is  gradually  rnis^ed  to  a  tcniperature  approaching  white- 
nes,  during  which  the  sodium  carbonate  and  the  silver  chloride  reiict  upon 
each  other;  carbon  dioxide  and  oxygen  escape,  while  metallic  silver  and 
soda  chloride  result :  the  former  melts  into  a  button  at  the  boltom  t>f  the 
crucible,  and  is  easily  detached*  The  following  is  perhaps  the  nio»t  simple 
method  for  the  reduction  of  silver  chloride.  The  Bilver-salt  is  covered  with 
water,  to  wdiich  a  tew  drops  of  sulphuric  acid  are  added;  a  plate  of  siinc  ii 
then  introduced.  The  silver  chloride  soon  begina  to  decompose^  and  ta^ 
after  a  short  time,  entirely  converted  into  niclallic  silver;  the  silver  thu» 
obtained  is  gray  and  spongy;  it  ia  ultimately  purified  by  washing  with 
slightly  acidulated  water. 

Ture  silver  has  a  most  perfect  white  color  and  a  high  degree  of  lustre: 
it  is  exceedingly  nmlleablts  and  ductile,  atid  is  probably  the  best  conductor 
both  of  heal  and  electricity  known.  Its  jspecilic  gravity  is  It)  5.  Iti  hard- 
ijeMs  it  lies  between  gold  and  copper.  It  melts  at  a  bright  red  heat,  about 
11)23^ C,  {\^T^^  F.),  according  to  the  observation  of  Mr  DanielL  Silver  is 
unalterable  by  air  and  moisture:  it  refusen  to  oxidiic  at  any  temperature, 
but  possesses  the  extraordinary  faculty  already  noticed  of  absorbing  mnny 
times  its  volume  of  oxygen  when  strongly  healed  in  an  atmopphere  of  that 
gas,  or  in  conmnui  air.  The  oxygen  is  again  disengaged  at  the  moment  of 
eoJifiiftvat'ivn^  and  gives  rise  to  the  peeiilmr  arbfirescent  appearance  oJien 
rvmnrkcd  on  the  ^Hrfnvo  of  mafses  i)T  butvous  ot  ^wtt  p>N\>nii:,  The  addition 
L^«  per  cettt,  iif  copper  ia  sufficient  to  \^ve\*tut  tVic  »\>ftu\^v\«>u  liV  ^ivs^^'wt. 
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ilTef  oxidizes  whon  beatcd  wttli  fuijiblo  fiHiceoua  matterf  aB  g\ti»fi,  v^hich  it 
ftina  yellow  or  omngo,  frtnn  tlie  formution  of  a  sUimile.  Il  ia  liitlii  at tacked 
bj  hydrochloric  aciil ;  boiling  oil  of  viiriol  eonverta  it  itito  mjlpliute,  with 
erolutioQ  of  sulphurous  oiide;  uitric  ftcit),  evou  dilute  and  id  Ihe  cold,  dis- 
golvcfl  it  rcftdily.  Thi"  tarui^tliing  of  fiurfnceB  of  eilver  exposed  to  the  air  ia 
due  lo  hydrogen  eulphide,  the  metal  having  a  stroiig  uttraction  for  sulphur. 

Shaver  Culorides.  —  Two  of  these  compounds  are  known  eontnining  rc- 
ipcciiTcly  I  and  2  atouja  of  silver  lo  1  utom  of  chlorine;  the  second,  how* 
ever,  is  H  Ycry  unstable  compound.* 

The  MonoehloTidf  or  ATfjentic  Chloride^  Ag  CI,  is  nlmo.Nt  invariiibly  pro- 
luced  when  a  solublo  silver  salt  and  a  soluble  chluridt*  ore  mixed.  It  talb 
u  while  curdy  prceifdtate,  quire  insoluble  in  water  and  nitric  acid;  but 
e  pari  of  silver  chloride  is  soluble  tn  2W  parts  of  hydrochloric  acid  when 
ncentrated,  and  in  about  ijOO  parts  when  diluted  with  double  its  weight 
water.  When  heated  it  nieltji,  and  on  cooling  becomes  a  grayish  ury»- 
JUne  masis^  which  cuts  lilie  born:  it  ta  found  native  iu  this  condition, 
u«!iritu(iug:  the  horn-tilicr  of  the  tuiiierulogist.  Silver  chloride  is*  deconi- 
ksed  by  light,  hiifh  in  the  dry  [.ud  in  the  wet  state,  very  slowly  if  pure, 
tnd  quickly  if  organic  matter  be  pre,Htnt:  it  is  reduced  also  when  put  into 
wilier  with  tnetiillic  xiuc  or  iron.  It  dis^Holves  with  great  case  in  ainnioiua 
and  in  a  solution  of  pota^mum  cyanide.  In  practical  analysis  the  proper^ 
tion  of  ehb)ritie  or  hydrochloric  acid  in  a  compound  is*  always  e*iiitnaled 
by  precipitation  with  silver  Kolutiou.  The  liijuid  ia  acidnlaieiJ  with  nitric 
acid,  and  an  excels  of  silver  nitrate  added;  the  chloride  Is  collected  on  a 
filter,  or  better  by  subsidence,  washed,  dried,  nnd  fu:*ed ;  lOO  parts  corre- 
spond to  24*7  of  chlorine,  or  2'*'48  of  hydrochloric  acid. 

Anjentous  Ckhride^  Ag/'l^,  is  obtained  by  treating  the  corresponding  oxide 
itii  hyiirochloric  acid  or  by  precipitating  an  argetitous  salt,  the  citrate, 
ir  example,  with  common  salt.     It  is  cai^ily  resolved  by  heat  or  by  ain- 
iiiia  into  argentic  cblorido  and  metallic  silver. 


SiLTBR  Flforide,  AgF,  is  produced  by  dissolving  argcotio  oxid©  or  car- 
bonate in  aqueous  hydrofluorie  acid,  and  separates  on  evaporation  in  tranS" 
parent  quadratic  octohedrons,  which  contain  AgF,OHj,  and  give  otf  their 
water  when  fused.  Their  solution  gives,  with  hydrochloric  aeiil.  a  precip- 
itate of  argentic  chloride.  When  ehbirine  gas  is  passed  over  fused  «ilvor 
fluoride^  silver  chloride  is  formed  and  Uuortne  is  set  free  (p.  VXlj. 

SiLV£B  loDiDig,  Agl,  IS  a  pale-yellow  insoluble  precipitate,  produced  hj 
adding  silver  nitrate  to  potassium  iodide;  it  is  insoluble,  or  nearly  so,  in 
atntnonta,  and  in  this  respect  forms  un  exception  to  ihe  silver-salts  in  gen- 
crab  Deville  has  obtained  a  crystalline  silver  iodide  by  the  action  of  con- 
ecntrated  hydriodie  acid  upon  metallic  silver,  which  it  dissolves  with  dis- 
enpagement  of  hydrogen.  Hydriodie  acid  converts  silver  chloride  into 
iodido.     The  hromwit  of  silver  very  closely  resembles  the  chloride. 

SIL71ER  Oxides. — There  are  three  oxides  of  silver,  only  one  of  which 
however,  be  regarded  as  a  well-defined  compound,  namely : 

The  Monoxide  or  Ar^entk  Onde^   OAg^.  ^ — This  oxide  \n  a  powerful  base, 

•  Tlip  o3iI*ti-HC*f  uf  two  ullvtT  rhtf»rltli"ii  ia  nttorly  tnrMriipfttlM*>  wtlh  th^  tiTlwUhr^ti*  tbut  tH>th 

fi\*t  iit%*\  t'tiliirlur  nrv  tnotnit  •'1"tinn((i.     Tlir  citritfi4ii*i(i<tri  M  thf  ti  rir^'ii  I  ntii*  *f»»n| '11111111:^  \9  t\o\ 

rtii»t^  yt'ry  ^olt  eittJitiliii^liiml;  but  nii[>t*'>*ii^iK:  ^'<"  i'tituriil><  to  f  niiiuUif  i^t^A^i,.  um  u-iimttjr  Mtivtwl^ 

CtAiJ, 
I  ooD*itluUoN  mi^  tw  npnatatvd  by  ihe  formoU  I        ,  In  vrhVcb  SiOA  fMotVu^  V^l*"  ^^** 

.    ,-  ^  ^Aii 

•^  J  trtad,  ^ 


2N0,Ag 

4-      OKH 

Silver 

I>i>t»«*.hiiu 

nitrvto. 

hydfutc*. 
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jrieMiiig  salts  iaomorplious  with  eho«e  of  the  nlkali-metjili.  U  ti  nhenined 
fts  A  pftle-brtiwa  precipitiite  on  adding  eauiittc  poUisti  to  »  soluli^u  of  tiilrer 
nitrate : 

OAg,      -f      NO,K      +     NO^H 
Biirt't  rotAMliim  lljdrogeB 

oxlt)«.  uJtmtv*  nltnit*. 

Tt  15  Tery  soluble  in  ammonia,  and  b  disflolred  also  to  ft  smiiU  extent  hj 
pure  water ,-  the  f^alution  Uiilkullnc.  Recently  prceiptttaed  silver  chloride, 
boiled  with  a  solution  of  cauHlic  poiasb  of  spi^cihc  grnrity  1*25,  is  con- 
verted*  according  to  Gregory,  although  with  difficulty,  into  argentic  oxide, 
which  in  thia  case  is  black  and  very  denize.  Argt?ntic  oxide  neuiralixeB  acid^ 
completely^  and  forma,  for  the  mo**t  part,  colorte^a  aaltH.  It  \»  defomposed 
by  a  red*heat|  with  evolution  of  oxygen,  spongy  nieti&nic  silver  being  leA; 
ihe  flun*it  rays  abto  efi^ect  its  decomposition  to  a  small  extent. 

Art^fntom  Ozidt,  OAg^.* — When  dry  argentic  citrate  is  healed  lo  100*  in 
a  slrprtm  of  hydrogt-^n  gas,  it  lo^cs  oxygen  and  bccomcft  dark-brown.  The 
product,  ditfiiolved  in  water,  gtves  n  dftrk -colored  solution  coutainiiig  free 
citric  aeid  and  argent ou»  ci irate,  which  when  mixed  with  potash  yiehis  a 
precipitate  of  argeutous  oxiilo.  This  oxide  is  a  black  powder,  very  easily 
decomposed,  and  soluble  in  ammonia.  The  Bobition  of  argent oii!«  citrate  is 
rendered  colorless  by  heat,  being  resolved  into  argentic  citrate  an«i  metallic 
silver.  According  to  Wobler,  argent oub  oxide  U  also  formed  by  boiling  ar- 
gentic arseuitc  nilh  catistic  alkalies.  Id  iMb  case  it.  is  mixed  with  metaHio 
fiilver, 

OAg 

SUvcr  Diox'idtt  O^Ag,  or  |     .  —  Thia  is  a  black  crystalline  mibstanc^ 


OAg 


which  forms  upon  the  positive  electrode  of  a  voltaic  arrangement  employed 
to  deeumjMj^^e  a  Nylijii^m  uX  silver  nitrate.  It  is  reduced  by  beaT»  evolves 
eliiorine  when  acted  ifpttu  by  hjdrueliloric  ucid,  explodes  when  mixed  with 
pho»^plioruH  und  Htruok.  miA  decompo^c^  i^oiution  of  ammonia,  with  great 
energy  and  rapid  disengagement  of  nitrogen  gas* 

Silver  NiTH ATE  or  AnoKiif TIC  Kithate,  NO,Ag.  —  This  salt  is  prepared 
by  dissolving  silver  in  nitric  acid,  and  evaporating  the  solution  to  dryness, 
or  until  it  is  strong  enough  to  crystallije  on  cooling.  The  crystals  are 
colorless,  trnnsparent.  aiibydrous  tables,  soluble  in  an  equn!  weight  of  cold, 
and  in  half  that  quantity  of  boiling  water;  they  alKo  diii^solve  in  alcohoL 
They  fuse  when  heated,  like  those  of  nitre,  and  at  a  higli  temperature  suffer 
decomponition :  the  tun(tr  eatuihc  of  the  surgeon  is  silver  nitrate  which  Iuib 
been  melted  and  poured  into  a  cylindrical  inould.  The  salt  blackens  when 
exposed  to  light,  more  particularly  if  organic  matters  of  any  kind  are 
present,  and  is  fre<^]Ticntly  employed  to  communicate  a  dark  slain  to  the 
hair;  it  enters  into  the  coniposition  of  the  "indelible"  ink  used  for  mirk- 
ing  linen.  The  blaek  stain  has  been  thought  to  be  metallic  silver;  it  may 
possibly  bo  argentous  oxide.  Pure  silver  nitrate  may  be  prepared  from  the 
metal  alloyed  with  copper:  the  alloy  is  dissolved  in  nitric  acid,  the  solution 
evaporated  to  dryness,  ami  the  mixed  nitrates  cautiously  heated  to  fusion 
A  small  portion  of  the  melted  mass  is  removed  from  time  to  time  for  exami- 
nut  inn  ;  it  Is  dissolved  in  water,  tillered,  atitl  anuiionia  added  lo  it  in  excess. 
While  nny  enppcr-i«;alt  n-mains  undecomposed,  the  li^fuid  will  be  blue,  bnt 
when  that  no  longer  hiippfns,  the  nitrate  maybe  suffered  to  cool,  dissolved 
lo  water,  ami  fUtnted  from  the  insoluble  black  oxide  of  copper, 

•  If  thi*  Jbrratiln  b^  corrtct,  oxygen  mmt  b*  » tretvAA, 
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8tt.V8B  ScTLPHATi,  SO.Ag^  —  Tbe  salphate  may  be  prepared  by  boiling 
together  oU  of  vitriol  and  miHallic  silver,  or  by  firecipitaHiig  n  coticcntrnted 
Bulution  of  silver  nil  rate  with  an  alkaline  sulpliule.  It  tiistyolvua  in  88 
parts  of  bfjiiiii}^  water,  and  sepanttcs  in  great  mtm?^iirc  in  tUe  eryslalline 
form  on  cooling,  liavini^  but  a  ft^eble  degrto  of  solubility  til  n  low  teiuper- 
atare«  It  forms  witU  liiiinittnia  a  cryi<tainxabl(5  oonipoiriid  which  is  Iriicly 
Boliible  in  water,  uontaius  SU^Ag^.  ^Nfl^.  and  uiiiy  tbertiforc  be  regarded  as 
ar^entamm  on  in  m  9  tifp  h  (tfe,  ^0^{  N  H  j  Ag  |  j 

Sttv^f  Jit/pojtHf/thdte,  S,/)jAg.j.Olij,  ia  a  aoUiblo  cryaUlUjtable  salt,  pertna- 
nent  in  the  air.  Tbe  hyp'i^uiphitc  it!  insoluble,  white,  nnd  very  prone  lo 
decomposition:  it  combines  with  tbe  alkaline  hypoHulpbiles,  forming  sol* 
iible  coinimnnds  distinguished  by  an  intt»nsely  Bweet  taste.  The  alkaline 
hyposulphites  dissolve  bolh  oxide  iind  ehloride  of  ailver,  nnd  give  rise  to 
similar  salts,  an  oxide  or  chloride  of  the  alkaline  metal  being  at  the  parao 
time  formed :  hence  the  use  of  alkaline  hypoHiilphitei<  in  fixing  photxigraphio 
pictures  (p.  97).  Silver  carLofuitf.  ia  a  wliite  injioliibte  HiibHtance  obtained 
by  mixing  solutions  of  silver  nitrate  and  sodium  carbonate.  It  ii*  black- 
ened and  decomposed  by  boiliukg. 

8iT*vER  SrL?Hii>E,  SAg^  — This  is  a  soft,  gray,  and  somewhat  tnalloable 
BUhstaace,  found  native  iu  the  cryHtulIincd  estate,  and  easily  produced  by 
mcUing  together  it^  constituents,  or  by  precipilating  a  aolniion  of  silver 
»^ith  hydrogen  sulphide.  It  m  a  strong  sulphur-base,  and  combines  with 
lli«  siilphideei  of  antiiuotiy  aud  arsenic:  exuiuplea  of  (lucb  compouudu  uro 
found  m  the  beautiful  minerals,  dark  and  Ught-rtd  tilver  ore. 

AMMONfA-coMPorNn  OF  Sir-vi!B;  Bkbthollkt's  Fitlminatiwo  Silver, — 
When  precipitated,  argentic  oxide  i<!  digesleil  in  anmionia,  a  black  substance 
i*  produced,  pos^sessiiig  exiremely  dangerous  explosive  properties.  While 
moi-*t,  it  exptode.«i  when  rubbed  with  a  hard  body»  but  when  dry  (he  touch 
of  a  feather  is  sutTicient.  The  ammonia  retains  some  of  this  substance  in 
«olutioD,  and  deposits  it  in  small  crystals  by  spontaneous  evaporation.  A 
similar  compound  exists  eontaining  oxtde  of  gold.  It  is  easy  to  understand 
the  rea.son  why  these  bodies  arc  subject  to  such  violent  and  sudden  decom- 
position by  Ihc  slightest  cause,  on  I  ho  supposition  that  they  contain  an 
oxide  of  an  easily  reducible  metal  and  ammonia:  ihe  attraction  betviecn 
the  two  constituents  of  the  substanee  is  very  feeble^  while  that  belweeii 
the  oxygen  of  the  one  and  the  hydrogen  of  the  other  is  very  powerful. 
The  explosion  is  caused  by  the  Mtidden  evolution  of  Ditrogcn  gas  and 
aqueous  vapor,  the  metal  being  set  free. 


Soluble  silver  salts  are  perfectly  characterized  by  the  white  curdy  pre- 
cipitate of  silver  chlnride,  darkening  by  exptif^uro  lo  light,  and  insoluble 
in  hot  nitric  acid,  which  is  produced  by  the  nddiiion  of  any  ffolnble  cMor- 
iff,  head  ami  mercury  are  the  only  metals  whitdi  can  be  ronfoniided  with 
piker  in  this  rcspt-ct ;  but  lead  chloride  is  Hubiblc  to  a  great  extent  in 
boiling  water,  and  is  deporiiled  in  brillirinl  acicuhir  crystals  when  the  hoIu- 
tion  cools;  and  merenrtnis  cbloriile  is  instantly  blackened  by  ammonia, 
whereas  silver  chloride  is  dissolved  thereby. 

Solutions  of  silver  arc  reduced  to  ibe  melnllic  state  by  iron,  copper^  wfr- 
C«ry,  and  other  metals.     They  give  with  hjfdroijm  nulpfndf  a  bbirk  precipi- 
tate of  argentic   sulphide   insoluble   in  ammonium  stdphide  ;    with  cauHit 
alMitM,  a  brown  precipitate  of  argentic  oxide:  and  wvlb  <iIJc«linf  rarUonair*^ 
a  white  preeipit4f<»  of  nrfreotic  carbonate,  both   prec\inlales  \ie\iv^  cusaV^ 
—»..#./-  .„  ^™„— :^      OrdiDary  sodium  phosphate  forms  ii  y^Wo'w  ^t^cA^vVftX^ 


acJuble  In  funmonm. 
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of  argentic  orthophosphate ;  potatnum  ehrtfrnaU  or  bkhrmnatet  a  red-brown 
precipitate  of  argentic  chromate. 


The  economical  uses  of  siWer  are  many :  it  is  admirably  adapted  for 
culinary  and  other  similar  purposes,  not  being  attacked  in  the  slightest 
degree  by  any  of  the  substances  used  for  food.  It  is  necessary,  howeyer, 
in  these  cases,  to  diminish  the  softness  of  the  metal  by  a  small  addition 
of  copper.  The  standard  silver  of  England  contains  222  parts  of  sUyer 
and  18  parts  of  copper. 


CLASS  n.— DYAD  JIETAI^. 
GROCP  I.  — METAIS  OF  THE  ALKALINE  EAETHS. 


Atomic  weigbt,  137.     Symbol,  Ba. 

THIS  metal  occurs  abundantly  as  sulphate  and  carbnnatey  formiDg  the 
veinstofif  in  niaej  lead  mines.  Djivy  obiaitied  it  in  tJje  DH*(allic  Khite 
bjr  irieaiiB  Himilar  to  those  described  in  tbt?  cvn^e  of  lithium.  UunBcri  sub- 
jecta  barium  chloride  mixed  up  to  a  peistc  with  walcr  and  a  little  hydro- 
chloric acid,  at  a  temperature  of  100°,  lo  the  aclioii  of  the  elecivic  cyrreat, 
UfliDg  an  amalgamiited  platinum  wire  aa  the  wegativo  pole.  In  this  matvner 
the  metal  is  obtained  m  a  Bolid,  highly  ory^flalline  anmlfici'tiTit  which,  when 
h#ated  in  a  stream  of  hydrogeu,  yields  bnrinm  in  the  form  uf  a  tutiiL'fied 
mast,  tarnished  on  the  surface,  bul  often  exhibitiog  a  silver-white  luBtre 
in  the  cavities.  Barium  may  abo  be  obtaiuLMl,  though  impure,  by  patij»iug 
rapnr  of  potasaium  over  the  red  hot  chloride  or  oxide  of  barium.  It  is 
malleable,  mella  below  a  red  heal,  decomposes  water,  and  gradiiuLly  oxi* 
dises  in  the  air. 

BARirM  Chloride,  BaCl, .  OU^.  ^This  vnluable  anlt  ib  prepared  by  dis- 
aoWing  the  native  carbonate  in  hydrochloric  acid^  filtering  the  eobilianf 
and  evaporating  until  a  pellicle  begins  lo  form  at  the  surface:  the^oUitiun 
on  cooling  deposits  crystalft.  When  native  cnrbon Ale  cannot  be  procured, 
the  native  sulphate  may  be  employi-d  in  the  following  mauncr:  —  The  «?ul- 
phaie  is  reduced  to  fine  powder,  nnd  inliniately  mixed  wiih  one  third  of 
lis  weight  of  powdered  coal;  the  mixture  is  premised  into  an  curthen  cru- 
cible to  which  a  cover  is  fitted,  aud  ex  poised  fivr  nn  hour  or  more  lo  a  high 
red  heat,  by  which  the  sulphate  ia  converted  into  sulphide  at  the  cxpeitse 
of  the  combui^tible  matter  of  the  coal:  the  black  muss  thus  obtained  is 
powdered  and  boiled  in  iivater,  by  iivliich  the  sulphide  is  dissolved;  and  the 
solution,  filtered  hot.  is  mixed  with  a  slighl  excess  of  hydrocbloric  acid. 
i^Barium  chloride  and  hydrogen  sulphide  are  then  produced,  (he  latter  es- 
xcaping  with  effervescence.  Lastly,  the  soluliou  U  filtered  to  separate  atiy 
little  ioi»oluble  maiter,  anrl  evaporated  to  the  crystalliaing  point. 

The  cryslala  of  barium  chloride  are  flnt  four-sided  labiea.  colorlesa  itnd 
trnnsparent.  They  contain  I  wo  inaleculea  of  water*  easily  driven  off  by 
Ue:it  ItM*  parts  of  water  disi*olve  43  5  parts  al  15  5^*  and  78  parla  at 
104  b^t  which  is  the  boiling-point  of  the  saturated  solution. 

BA&linff  MoNOHiDK,  Bartta,  BaO  —The  best  method  of  preparing  Ihia 
compound  is  to  decompoao  the  crystallixed  nitrate  by  heat  in  a  cjipacious 
poroclaiu  crucible  until  red  vapors  are  no  longer  disengnged:  the  niirio 

•  rmm  ^4p*f,  heavy,  in  *lIti«foa  to  tbo  grmi  tpeciflc  gravity  of  the  n*tW«i  cwr'^TiaXft  w^^^ 
nlji»lift(«. 
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acid  is  resolved  into  nitrous  acid  and  oxygen,  and  the  baryta  remains  be« 
hind  in  the  form  of  a  grayish  spongy  mass,  fusible  at  a  high  degree  of 
h(*at.  When  inoiKtened  with  water,  it  combines  into  a  hydrate,  with  great 
elevation  of  temperature. 

Barium  IIydrate,  BaH,0,  =  BaO .  n,0.  — This  compound  is  prepared  on 
a  large  scale  by  decomposing  a  hot  concentrated  solution  of  barium  chlor- 
ide with  a  solution  of  caustic  soda;  on  cooling,  crystals  of  barium  hydrate 
are  deposited,  which  may  be  purified  by  ro-crystalliiation.  In  the  labora- 
tory the  barium  hydrate  is  often  prepared  by  decomposing  the  sulphide 
with  black  oxide  of  copper.  (Sec  barium  sulphide.)  The  crystals  of 
barium  hydrate  contain  Ball^O^.S  aq.  :*  they  fuse  easily,  and  lose  their 
water  of  crystallization  when  strongly  heated. 

The  hydrate  is  a  white,  soft  powder,  having  a  great  attraction  for  car- 
bonic acid,  and  soluble  in  20  parts  of  cold  and  2  parts  of  boiling  water. 
Solution  of  barium  hydrate  is  a  rahiable  reagent:  it  is  highly  alkaline 
to  test-paper,  and  instantly  rendered  turbid  by  the  smallest  trace  of  car- 
bonic acid. 

Barivm  Dioxide,  BaOj. — This  oxide  maybe  formed,  as  already  men- 
tioned, by  exposing  baryta,  heated  to  full  redness  in  a  porcelain  tube,  to 
a  current  of  pure  oxygen  gas.  The  dioxide  is  gray,  and  forms  with  water 
a  white  hydrate,  which  is  not  decomposed  by  that  liquid  in  the  eold,  but 
dissolves  in  small  quantity.  Barium  hydrate,  when  heated  to  redness  in 
a  current  of  dry  atmospheric  air,  loses  its  water,  and  is  converted,  by  ab- 
sorption of  oxygen,  into  barium  dioxide,  from  which  the  second  atom  of 
oxygen  may  be  expelled  at  a  higher  temperature.  Boussingault  has  pro- 
posed to  utilize  these  reactions  for  the  preparation  of  oxygen  upon  a  large 
scale.  The  dioxide  may  also  be  made  by  heating  pure  baryta  to  redness 
in  a  platinum  crucihlo.  and  thou  gradually  adding  an  equal  weight  of  po- 
tassium chlorate,  whereby  barium  dioxide  and  potassium  chloride  are  pro- 
duced. The  latter  may  be  extracted  by  cold  water,  and  the  dioxide  left 
in  the  state  of  hydrate.  It  is  interesting  chietiy  in  its  relation  to  hydrogen 
dioxide.  When  dissolved  in  dilute  acid,  it  is  decomposed  by  potassium 
bichromate,  and  by  the  oxide,  chloride,  sulphate,  and  carbonate  of  silver. 

Barium  Nitrate,  (N03)jBa. —  The  nitrate  is  prepared  by  methods  ex- 
actly similar  to  those  adopted  for  preparing  the  chloride,  nitric  acid  being 
substituted  for  hydrochloric.  It  crystallizes  in  transparent  colorless  octo- 
hedrons,  which  are  anhydrous.  They  require  for  solution  8  parts  of  cold, 
and  8  parts  of  boiling  water.  This  salt  is  much  less  soluble  in  dilute 
nitric  ocid  than  in  pure  water:  errors  sometimes  arise  from  such  a  preci- 
pitate of  crystalline  barium  nitrate  being  mistaken  for  sulphate.  It  dis- 
appears on  heating,  or  by  largo  alfusion  of  water. 

Barium  Sulphate,  SO^Ba.  —  Found  nalivc  as  hravy  spor  or  b<m/te$,  often 
beautifully  crystallized:  its  specific  gravity  is  as  high  as  4-4  to  4-8.  This 
compound  is  always  produced  when  sulphuric  acid  or  a  soluble  sulphate  is 
mixed  with  a  solution  of  a  barium  salt.  It  is  not  sensibly  soluble  in  water 
or  in  dilute  acids:  even  in  nitric  it  is  almost  insoluble:  hot  oil  of  vitriol 
dissolves  a  little,  but  the  greater  part  separates  again  on  cooling.  Barium 
sulphate  is  now  produced  artificially  on  a  large  scale ;  it  is  used  as  a  sub- 
stitute for  white  lead  in  the  manufacture  of  oil-paints.  The  sulphate  to 
be  nsod  lor  this  purpose  is  precipitated  from  very  dilute  solutions:  it  is 
known  in  commerce  as  blancjixe.    Powdered  native  barium  sulphate,  being 

*  Tbo  aymbol  uq.  (abl>roTiRtioD  of  aqua)  Is  often  used  to  denote  water  of  uyftallixatlon. 
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r^tlier  crjst&Hinef  h^&  not  sufficient  body.  For  the  production  of  euljihute^ 
the  clitoride  of  buriuni  in  first  prepared,  which  i»  diaaolved  in  a  targe 
qutkotitj  of  waler,  aoUi  thou  precipiiatod  by  dilute  sulphuric  nctd. 

BAftit'M  Carbonate,  CO^Ba.  — The  DJiturAl  carbonulo  is  called  mtherife: 
the  artlAcial  is  formed  by  precipiUiing  (he  chloride  or  nitrate  with  tin  al- 
kaline curbuDiiite,  or  carbouate  of  aoioioniii.  It  i^s  a  heavy,  whiu*  powder, 
Terjf  ipnringly  aoltible  iu  water*  and  chiefly  useful  in  the  preparation  of 
the  rarer  barium  s&lta. 

Barium  SuLrHii>Ka. — ^The  monotulp/iidf^  BaS,  h  obtained  in  the  manner 
already  described ;  Ihe  higher  eulphitlcs  may  be  formed  by  boiling  it  witli 
Bulpfaur.  Barium  monosulphkto  crysialliie»  from  a  hot  solution  in  tbin^ 
nearly  eolorlem  plates,  vvhicb  contain  WHter^  and  are  not  very  iioluble : 
they  are  rapidly  altered  by  the  air,  A  strong  solution  of  this  aulphide  may 
be  employed  lu  the  pr«*paraiion  of  barium  hydrate,  by  boiling  k  with  small 
itieeeMiTe  poriionH  of  black  oxide  of  copper,  until  a  drop  of  the  liquid 
ceaflea  to  form  a  black  precipitate  with  lead  ^alts;  the  filtered  liquid  on 
cooling  yield B  crystals  of  the  hydrate.  In  thb  reaction,  beaidea  hydrate 
of  barium,  the  byposulphate  of  that  baue,  and  sulphide  of  copper*  are  pro- 

L  duoed;   tbe  latter  ii^  inf$oIiible,  and  is  removed  by  ihe  filieri  while  tnoat  of 

f  the  hypoaulphate  remains  in  the  mother-liquor. 


Solutions  of  b&rium  hydrate,  nitrate,  and  chloride,  are  condtantly  kept 
i  in  the  laboratory  as  chemical  tests,  Ike  first  being  employed   te  etfect  the 
eparation  of  carbonie  acid  from   certain  gaseoua  mlt^tured,  and  the  two 
er  to  precipitate  aulphtiric  acid  from  aolulion. 

oUible  barium  ^alis  are  poisonous,  whieli  is  not  the  case  with  those  of 
)  uoxi  t<i  be  described.     For  their  reactlooSi  see  p.  332. 


STEOirrnm. 

Atomic  weight,  87 'O,     Symbol,  Sr* 

i^^e  meial  strontium  may  be  obtained  from  its  oxide  by  meana  similar  to 
'  I  described  in  the  ca^se  of  barium  :  it  is  usually  described  as  a  white 
at,  heavy^  oxidizablc  in  the  air,  and  capable  of  decomposing  water  at 
eommciu  temperatures.  Matthiesaen  states,  however,  that  it  haa  a  dark- 
r^eU<»w  color,  and  specific  gravity  2-54.  He  preparer  it  by  filling  a  small 
crucible  having  a  porous  cell  with  anhydrous  strontium  chloride  mixed  with 
.  some  ammonium  chloride,  so  that  the  level  of  the  fuseti  chloride  in  the  cell 
^H  ia  much  higher  than  in  the  crucible.  The  negative  pole  placed  in  the  cell 
^H  eonsial»  of  a  \cry  fine  iron  wire.  The  positive  pole  is  au  iron  cylinder 
^H  |>l»oed  in  the  crucible  round  the  cell.  The  heat  is  regulated  so  that  a  crust 
^H  forms  in  the  ct^ll^  and  the  metal  oollecta  under  this  crust, 

I    «i 

I-' 

^^m    SraoirntrM  Dfoxroa,  SrO, — Prepared  in  the  9aiii«  manner  as  bariiua 
^^  dioxide :  it  may  be  substituted  for  the  latter  in  making  \iydtQ%^Tx  ^v^vvX^f 


STBoSTtrM  Monoxipr;  Stwostia;  Srt>. — This  compound  is  beat  pre- 
(pared  by  decomposing  the  nitrate  with  aid  of  tu'at :  it  rei*euibles  in  almost 
every  particular  the  earth  bitryta,  forming^  like  that  substance,  a  white 
hydrate,  soluble  in  water,  A  hot  saturated  snlutioii  deposits  crystals  ou 
cooling,  which  contain  8rHjOj,.  8  aq« :  heuted  to  dull  redness  they  lose  the 
rholo  of  their  water,  anhydrous  alrontia  being  left.  The  hydrate  has  a 
treat  attraction  for  cart)onie  acid. 
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The  nutive  omrbonnte  Ami  sulphate  of  atroDtium  serwe  for  the  prepM»- 
iioQ  of  tbe  ranoua  nulls  by  iiieuQ:^  exacil/  similar  to  those  nlreiidy  described 
ID  the  case  of  biirmm  «alu:  tbcy  have  a  very  feeble  degree  of  aolublUty  in 
water. 

Strontium  Chloride,  SrCly — Tbo  chloride  erystanircs  in  eolorlesa 
needleiji  or  prisma,  which  arc  hiighily  ddiqiieacent^  und  solubte  in  2  pnriB 
of  cold  Jtnd  a  Mill  Binaller  quanUiy  of  boiling  water:  tbey  are  ntso  soluble 
la  akohol,  and  the  Bolution,  when  kindled^  burnis  ^itb  a  crimffon  ftamo. 
The  crystals  contain  ti  njoleculea  at  water,  which  they  lose  by  heat:  at  a 
bigher  (eioperature  the  chloride  tuacs. 

Strontium  Nitratk,  (NOj)jSr.  —  This  salt  cryarallize^  in  anhydrous  oclo- 
hedrena,  which  require  for  soluiioti  6  parta  ol  cold,  and  about  half  Ibeir 
weight  of  boiling  water.  It  is  principally  of  value  to  the  pyrot^ehnliit,  who 
employs  it  in  the  canipositioti  of  the  well-known  "red-fire."* 

The  fipectral  phenomena  cxhiihltcd  by  iitrontium  compounda  are  mentioned 
on  page  89. 


P 


GAICIUM. 

Aiomlc  weight,  40.     Symbol,  Ca. 

Calcmm  is  on©  of  the  most  abundant  and  widely  diffused  of  Iht  i 
though  it  is  uever  found  in  the  free  atate.  Aa  carbuaale,  it  occurs  in  a  great 
Tarieiy  of  foruia,  coni^tiiuiing.  an  limev^tonet  eruire  muuutain^raugea.  Cal- 
cium was  ubt^iined  in  an  iuipurc  state  by  Davy»  by  meant!  similar  to  thoM 
adopted  for  the  preparation  of  barium.  Malthiesisen  prepares  the  purO 
metal  by  fuMing  a  mixture  of  tivo  iiiulecules  of  cakium  chloride  and  one  of 
Btroutiuiu  chloride  with  some  chloride  of  ammoiiiiim  in  a  small  poroelaln 
crucible,  in  which  ati  iron  cylitider  b  placed  as  punitive  pole*  and  a  pointad 
iron  wire  or  a  little  rod  of  carbon  connected  with  the  zinc  of  the  battery  ta 
mode  to  touch  the  surface  of  (he  liquid.  The  reduced  metal  fu8e&  and  drops 
otf  from  the  point  of  the  iron  wire,  und  the  heud  i*!  remoTcd  from  the  litjuid 
by  a  smaU  irou  i^pHtula.  LitiS-Bodart  and  (lobinf  prepare  ciilchim  by  ig- 
niting the  iodide  with  an  equivalent  quantity  of  tfodium  in  un  iron  crucible 
having  its  lid  ho  re  wed  down. 

C'aleiutn  i$  a  light  yellow  metal  of  sp.  gr.  1*5778.  li  is  about  m  hard  at 
gold,  very  ductile,  and  may  be  cut,  filed,  or  hainmered  out  into  plates  as  thin 
an  the  finest  paper.  It  tartus^hefi  ii^lowly  in  dry,  more  quickly  in  damp  air, 
decoin posies  water  quickly,  and  ia  ytill  more  rapidly  acted  upon  by  dilute 
acida.  Heated  on  platiiiuni  foil  over  a  f^pirit-lamp,  it  burnt^  wilh  a  bright 
flaah ;  with  a  brilliant  light  also  wheti  heated  In  oxygen  or  chlorine  gas,  or 
in  v^apor  of  bromine,  iodioo,  or  sulphur. 

CALCtFM  CuLORiDR,  CaCl^,  18  uBUally  prepared  by  dipsolviug  marble  in 
hydrochloric  acid;  aUo  a  by-product  in  several  chemical  miiuutaclure». 


•  RimFmi: 

Omlat. 

Q%mt  FmRt 

Grnlni. 

Dry  ittroatiuiEi  nkrat* 
giilphiir 

,    SUO 

Dry  tjArium  nUrmte    . 

VM 

22* 

.    i&o 

tNiluAiani  chlonto 

.    2rx) 

pMtA^t'tliifn  rliU'nitc    . 

UK} 

Mnjjiblfti-k  . 

60 

IdiMipMtick 

.       e> 

Th<i  *tnmtiuin  «r  l»j»r1iiirmalt,  th"  ^tiliinlitir  nmJ  tlic  UniftblcK'k,  rijn«l  Iw  fltn^ly  imvulcrwl  aoil 
hUEmittcly  iiii)cr>it,  hIIit  wliicb  tluf  jKiraMiuin  clilMrutn  vliould  i»^  nttdtwl  in  mthur  amr^o 
]H)Wtlpr,  Hiul  initt«[l,  without  niu^li  rutjtitag,  with  tb«  otbur  iQjgrtKlioDl«.  Tho  r«Ml  fifa  coui|i<(k 
mtUoa  hmM  ^mo  kaowa  tu  (galto  •pt>ntantH*Q»Jv. 
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The  Bait  scpamtcs  from  n  stfong  polution  in  cnlorloefl.  prifltnatic,  and  exceed- 
Ingly  deliquescerit  orj»tiil8»  wlikfli  cotitnio  6  riioleciik^s  of  wtittT.  By  heat 
iJiia  wuter  is  expelled,  and  by  a  tcTuporaUire  of  strong  ig^nition  tlie  i*alt  is 
fu.Hed.  Tlie  crjslitla  rtMiiiced  to  powder  utu  employed  in  the  product  ion  of 
artificiiil  cold  by  being  mixed  with  &now  or  powdered  irt: ;  and  the  chloride, 
ftlroiigly  dried  or  in  the  fused  state,  is  of  great  x>nietit'al  use  in  dewieealiiig 
grt5t'»Ei,  for  which  purpoac  the  latter  are  elowly  tmnsniitled  through  tiibeti 
filled  with  fr«graents  of  the  e*alt.  Cnlciuin  chloride  h  also  freely  soluble  iti 
ulcobol,  wbiob,  when  anhydrouiSj  foruis^  wdrb  it  a  definiLe  crystallizublo  eotii- 
poiiiid. 

CALCirsi  Fluobtdb  ;  Fluor-spar;  CtiF^.  —  Tbia  substance  is  imporhint 
as  the  moat  nbundant  nifcttjrftl  Bouree  of  hydrofluoric  acid  and  the  other 
fluorides.  It  occnra  beautifully  crjBtallijsed,  of  various  colon*,  in  lend-veinj*, 
the  crystalj*  having  commonly  the  cubic,  but  sometimes  the  octobedral  form, 
pjirallel  to  the  faces  of  which  latter  tigure  they  ahvaya  cleave.  Some  vjiric- 
ties.  when  heated,  emit  a  jijreeni?tli,  and  «ome  a  purple  pbosphoreacent  light. 
The  fluoride  is  quite  insoluble  in  water,  and  is  decomposed  by  oil  of  vitriol 
in  the  manner  alrendy  mentioiLed  (p.  192). 


Calcil'm  Monoxide  ;  Lime:  CaO,  — ^This  extremely  important  compound 
may  b«  oblaiDcd  in  a  t*tate  of  coimi Jerabte  fuirity  by  heatitig  to  full  redno^s 
for  some  lime  fragments  of  the  black  bilundnous  marble  of  Derhyahiro  or 
Kilkenoy.  If  required  absolutely  pure,  it  must  be  ma*le  by  igniting  to 
whiteness,  in  a  platinum  crucible,  an  artificial  cidcium  carbonate,  prepared 
by  precipitating  the  nitrate  with  ammonia  carbonate.  Lime  in  an  iuipuro 
itatc  is  prepared  for  building  and  agricultural  purposes  by  calcining,  in  a 
kiln  of  suitable  construction,  the  orditiary  limestones  which  abound  in  many 
district:ii ;  a  rod  heat,  continued  for  some  hours,  is  suHicient  to  disengage 
the  whole  of  the  carbonic  acid.  In  the  best  contrived  lime-kilns  the  procesa 
is  oftrried  on  continuously,  broken  lime8tone  and  fuel  being  conntantly 
thrown  in  at  the  top,  and  the  burned  lime  raked  out  at  intervals  from 
beneath.  Sometimes,  when  the  liiiief'lone  containa  silica,  aiul  ilie  heat  has 
been  very  high,  the  lime  refuses  to  slake,  and  is  said  to  be  over-humed ;  in 
this  case  a  portion  of  silicate  has  been  formed. 

Pure  lime  is  white,  and  often  of  considerable  hardness  ;  it  i«  quite  infu8* 
ible.  and  phowphorosces,  or  emits  a  pale  light  a(  a  high  totnperature.  When 
moistened  with  water,  it  slakes  with  great  violence,  evolving  heat,  and 
crumbling  to  a  soft,  white,  bulky  powder,  which  is  a  hydrate  containing  a 
single  molecule  of  water:  the  latter  can  be  again  expelled  by  red-heat. 
This  hydrate,  CaH.p,  or  CaO,  (Jll^.  U  soluble  in  water,  but  far  less  so  than 
either  the  hydrate  of  barium  or  of  strontium,  and,  what  iss  very  remark- 
able, the  colJrr  I  he  water,  the  larger  is  the  quantity  of  I  he  compound  that  is 
taken  up.  A  pint  of  water  at  15  5**  C.  (*iO**  F  )  dissolves  about  11  grains, 
while  at  100^  C.  ((212**  F.)  only  7  grains  are  retained  in  Polution,  The  hy- 
drate ha^  been  obtuined  in  thin  delicate  crystals  by  ^luw  evaporation  under 
Ihe  air-pump,  Lime-water  is  always  prepared  for  chemical  and  pharma- 
cetiticnl  purposeai  by  agitating  cold  water  with  excess  of  calcium  hydrate  in 
a  closely  stopped  vesacl,  and  then,  after  sub?=idence,  pouring  off  ihe  clear 
liquid,  and  nddtng  a  fresh  quantity  of  water,  for  another  operation:  (here 
ia  not  Uie  least  occasion  for  filtering  the  solution.  Lime-water  has  a  sirong 
alkaline  reaction,  a  nauseous  taste,  and  when  exported  to  the  air  becomeis 
almost  instantly  covered  with  a  pellicle  of  carbonalc,  by  absorption  of  car- 
bonic acid-  It  is  used,  like  baryta-water,  as  a  test  for  carbo.iUft  ikC^A,  twv^^ 
also  in  medicine.  Lime-water  prepared  ftom  Bom«  ^i>.t\(s\\^ft  ^t  \im«;%Vcm.'^ 
majr  contnin  pota»h. 

The  hardening  of  moTtarn  and  cements  ia  in  n  grefci  meftaux^  ^m«i  ^  ^^ 
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grudual  absorption  of  carhonic  ncid  ;  but  oven  after  a  very  gre*t  length  of 
liiTK\  thip  oiuvvrHiofi  info  carhtmate  is  not  coinplttc.  Murtar  is  knovrn, 
under  favc*nible  circumslQiiees,  to  accjtrire  extreme  bardnet^s  wiili  »jr«i, 
Lime-cvmenlii  which  rcaisi  the  action  of  wMer  contain  iron  oxidci*,  t^ilica, 
and  »lumina  :  they  require  Ui  be  caretnlly  prepared,  and  the  stone  not  over- 
Jieated,  When  they  are  g^roynd  ta  p*jwder  and  mixed  with  water,  aolidi6- 
cation  ^upecdily  ensues,  trom  cuusi's  not  yet  thoroughly  undcrstowi,  and  tb» 
ceuiciit,  once  in  this  condition,  i»  unattected  by  wet.  Parker's  or  Roman 
cement  ia  mudc  in  thif"  uiamier  from  the  nodidar  tnaaaea  of  caleareo- argil- 
laceous ironstone  found  in  the  Loudon  cbiy*  Lime  is  of  great  importance 
in  agriciikurti :  it  is  found  nmre  or  less  in  every  fertile  Hoil,  and  is  often 
Tery  adviiiiiageon«ly  added  by  the  cultivator.  The  decay  of  vegetable  fibre 
in  the  foil  ia  thereby  promotedl^  and  other  important  ribjectf»,  ua  ihedeitnic- 
tion  of  certain  hurtful  compounds  of  iron  in  mftr;«h  and  peat-lnnd,  are  often 
attained.  The  Htldiiion  of  lime  probably  ^erTes  likewise  to  li1>eratc  potiifl-< 
alum  from  the  ini!>oluble  (jilicatc  of  that  base  contained  in  the  soil. 

Calcium  Dioxidk*  CaO,.  —  Thia  eompound  is  staled  to  resemble  barium 
dioxide,  and  to  be  obtainable  by  treating  lime  with  bydrogen  diozido. 

Calcium  SUI.P11ATK ;  SO^Ca.  — Crys'talline  uatiTc  calcium  sulphate,  con- 
taiuing  two  molecules  of  water,  la  found  in  cun^ideruble  abundance  in  some 
localitie;*  as  y.vp*""!.'  it  i«  often  associated  with  rock-salt.  When  regularly 
cryslalli^ted,  it  is  termed  telfntir.  Anhydrous  calcium  Dulphale  is  ali^o  occa* 
sionally  met  with.  The  salt  is  formed  by  precipitation,  when  a  moderately 
CO ne« titrated  solution  of  calcium  chloride  b  mixed  with  Hulpburic  acid« 
Calcium  aulplintc  is  soluble  in  about  GCRt  parts  of  cold  water,  and  ita  solu- 
biliiy  is  a  little  increasJed  hy^  heat  It  i*.  more  soluble  in  water  conlaining 
ammonium  chloride  or  potassium  nitrate.  The  solution  ia  precipitated  by 
alcrdiol.  Gypi*um,  or  native  hydrated  calcium  sulphate,  is  largely  employed 
for  the  purpose  of  making  caat^  of  stjiiucs  nud  meduli*,  and  also  for  mouldi 
in  the  porcelain  and  en  rt  hen  ware  manufactureR.  and  for  other  applications. 
It  is  exposed  lo  beat  in  nn  oven  where  the  temperature  does  not  exceed 
127**  C.  (HtHI**  F.),  by  which  the  water  of  cryjitallization  is  expelled*  and  it 
is  afterwards  reduced  to  a  fine  powder.  When  nnied  with  water,  it  Bolidi^ 
ficB  after  a  short  time,  froi»i  the  re>formtition  of  the  same  hydrate;  but  this 
effect  does  not  happen  tf  the  gj  paum  hiiij.  been  ovcr-hertted.  It  ia  often  called 
Plaster  of  Paris.  Artificial  colored  marbleSj  or  scuf^iwfa,  are  frequently 
preparcMl  hy  inserting  pieces  of  natural  stone  in  a  soft  stucco  containing 
this  substance,  and  polishing  the  surface  when  cement  has  beconie  liard. 
Calcium  sulphate  is  one  of  the  most  common  impurilies  of  t?pritig  water. 

The  peculiar  property  water  ac(|nireB  by  the  presence  of  calcium  salt^  ii 
termed  hftrftness.  It  manifests  itself  by  tbe  effect  Buch  waters  hare  upon 
the  palate,  and  particularly  by  its  peculiar  behavior  with  soap.  Hard 
water  yields  a  lather  with  soap  only  after  ihe  whole  of  the  calcium  wilta 
have  been  tbrown  down  from  (he  water  in  the  form  of  an  insoluble  limc- 
Rr.ap»  Upon  tills  principle  Prof.  Clark's  soap-test  for  tbe  barducBst  of  water 
is  baj*ed.*  The  hardness  produced  by  calcium  sulphate  is  called  permanent 
httrdntJUf  sinco  it  cannot  be  remedied. 

CALrtuM  Carbon ATK  ;  Chalk;  Lihirstone;  Mabble;  CO^Ca.  —  Calcium 

carbonate,  often  more  or  less  contaminated  with  iron  oxide,  clay,  and  or- 
ganic matter,  forms  rocky  beds,  of  iminet^so  extent  and  thickness,  in  almost 
CTcry  part  of  the  workL  These  present  the  greatest  divcritities  of  texture 
and  appearance,  arising,  in  a  great  measure,  from  changes  to  whicli  they 
Mare  been  subjecti^d  since  their  deposition.     The  most  ancient  and  highly 

*  Jourtml  0f  tbe  FliarmaceatkAl  Bocieti,  ftil.  x\.  ^,  V^tft^ 
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orjatalline  limestones  are  destitute  of  Tisible  organic  remains,  wUiln  iJiflae 
of  more  recent  origin  arc  oltfn  entirely  nuide  up  of  llie  shelly  cxuvia?  of 
ottoo'living  betnga.  SomeiiTiit'!!  flief>e  lalU^r  ure  of  ttucli  j%  nAtiire  as  to 
abow  Ihiit  the  nnimnlA  iuliabitcii  fri*?ih  water;  marine  f^petries  and  cornla  iire, 
liowcTcr,  most  abundant,  Cnvitica  in  limestone  tinul  other  rocks  are  very 
often  lined  with  itiiij^nificent  ery  si  si  Is  of  oik  i  urn  ciirbonate  or  crtleureoua 
spar*  which  have  evidently  been  slo^vly  deposited  from  n  wuLery  aolutioa. 
Calcium  carbonate  is  uhvay:^  precipitated  when  im  alkaline  carbouatis  Is 
mixed  with  a  solution  of  that  base. 

Although  this  auhytHnce  i?*  not  Kensibly  sobible  in  pn re  water,  it  is  freely 
taken  up  when  carbonic  acid  happens  at  (hti  t^ciuLe  lime  to  be  present.  If 
a  little  lime-water  be  poured  into  a  veaael  of  ihat  gn8»  the  turbidily  first 
pruduced  disappeari?  on  agitation^  and  a  transparent  eolulion  of  calcium 
carbonate  in  excess  of  carbonic  acid  js  obtainf*ci.  This  soliilicin  ii^  deeom- 
posetl  compleltdy  by  boilings  the  carbonic;  aeid  being  expelled,  and  the  car- 
bonate precipitated.  8ince  all  natural  waier«  contain  dissolved  c»rbonio 
acid.  It  is  to  be  expected  that  calcium  in  this  state  should  be  of  very  com* 
moil  occorrcnco ;  and  autjh  is  really  found  to  be  the  fact,  river,  and  tiioro 
ef'pecially  iipring  watcTi  aim  oat  invariably  containing  calcium  carboziato 
tbii«  dttf^olved.  In  limestouij  districts,  this  is  often  the  case  to  a  great  ex- 
tent. The  hardnesa  of  water,  which  is  owing  to  the  presence  of  calcium 
carbonate,  is  called  (efiiporan/^  since  if  is  iliminished  to  a  very  consitlerablo 
exient  by  boiling,  and  may  be  niMirl3'  reniovt»d  by  mixing  the  bard  water 
with  Uine-wutcr,  when  both  the  dissolved  carbonate  and  the  disHolved  lime, 
which  thus  becomes  carbonated,  are  precipitated.  Upon  this  principle 
Prof.  Clark's  procesa  of  softening  water  ia  based.  This  procesa  is  of  con- 
siderable importance,  since  a  supply  of  hard  water  to  toivns  is  in  many  re- 
spects a  source  of  great  inconvenience*  As  already  mentioned,  the  use  of 
sucb  water,  for  the  purposes  of  washing,  is  attended  wilh  a  great  l«»?<ti  of 
soap.  Uoilers,  in  which  such  water  is  healed,  8poedily  become  lined  with 
a  thick  stony  incrustation.*  The  beautiful  stalaclitie  iiicrustationH  of  lime- 
stone caverns,  and  the  deposit  of  calc-sinter  or  travertin  upon  varioii.s  ob- 
jects.  and  upon  the  grountl,  in  many  places,  are  thus  explained  by  the 
solubility  of  calcium  carbonate  in  water  containing  carbonic  acid- 

CrystalUied  calcium  carbonate  is  dimorphous;  calc-spar  and  arragonlte, 
B,ltboiigh  possessing  eiiactly  the  same  ebenucal  composition,  have  difjferent 
Etailine  forms,  different  ^lensities,  and  different  optical  properties.  Rose 
^  f observisd  that  calcium  carbonate  a{>pears  in  the  form  of  calc  spmr  when 
PwpOijiied  from  its  solution  in  water  containing  carbonic  acid  at  the  ordi- 
nary  temperature.  At  9U°  C,  (194"  F/),  and  on  ebullition,  however,  it  is 
chietly  d«*pO!fited  in  the  form  of  arragonite;  at  lower  temperatures  the 
formation  of  arragonito  decreas*»s,  whilst  that  of  calc-spar  increases,  tho 
Jimit  for  the  formation  of  the  former  variety  being  between  30^  and  50**  C, 

Calc-spar  occurs  very  abundantly  in  crystala  derived  from  an   obtuse 
Bbohedron,    whose   antrks   measure    105"^  5'   and   74°  5r>':    its  density 
;  from  -  o  to  2  8.     The  rarer  variety,  or  arragoniie,  is  found  in  crys* 
I  whose  primary  form  is  a  right  rhombic  prisuit  n  figure  having  no  gco- 
)  niQtrical  relation  to  the  preceding:  it  is,  besides,  heavier  and  harder* 

Calitium  PiiospnATBS. — A  number  of  distinct  calcium  salts  of  phos- 
phoric acid  arc  known.     The  trttimtc  phosphates,  or  orthophosphatcs,  (PO^), 

•  Mnny  |mipo«M*  hftf  «*  hrf^n  »nm1t«i  to  rkn^rcnt  tho  formAtlon  of  tiollcr  di^'pnglt*,    T\w  moat 
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Ca^^,  and  ^P04)Ca^^H,  are  produced  when  the  corresponding  sodium  salts 
are  added  in  solution  to  calcium  chloride ;  the  first  is  slightly  crystalline, 
and  the  second  gelatinous.  When  tlie  first  phosphate  is  digested  with  am- 
monia, or  dissolved  in  acid  and  re- precipitated  by  that  alkali,  it  is  conTerted 
into  the  second.  The  earth  of  bones  consists  principally  of  what  appears 
to  be  a  combination  of  these  two  salts.  Another  orthophosphate,  (FO^), 
Ca''^H4,  is  formed  by  dissoWing  either  of  the  preceding  in  phosphoric,  hy- 
drochloric, or  nitric  acid,  and  evaporating  until  the  salt  separates  on  eool- 
ing  in  small  platy  crystals.  It  is  the  substance  which  yields  phosphorus 
when  heated  with  charcoal,  in  the  ordinary  process  of  manufacture  before 
described.  Pyrophosphates  and  Metaphotphatet  of  calcium  also  exist.  These 
phosphates,  although  insoluble  in  water,  dissolve  readily  in  dilute  aoida, 
even  in  acetic  acid.     The  mineral  apatite  is  chiefly  calcium  phosphate. 

Chlobidb  of  Lime;  Bleachinq  Powder.  —  When  calcium  hydrate,  very 
slightly  moist,  is  exposed  to  chlorine  gas,  the  latter  is  eagerly  absorbed, 
and  a  compound  produced  which  has  attracted  a  great  deal  of  attention: 
this  is  the  bleaching  powder  of  commerce,  now  manufactured  on  an  im- 
mense scale,  for  bleaching  linen  and  cotton  goods.  It  is  requisite,  in 
preparing  this  substance,  to  avoid  with  the  greatest  care  all  elevation  of 
temperature,  which  may  be  easily  done  by  supplying  the  chlorine  slowly  - 
in  the  first  instance.  The  product,  when  freshly  and  well  prepared,  is  a 
soft,  white  powder,  which  attracts  moisture  from  the  air,  and  exhales  an 
odor  sensibly  different  from  that  of  chlorine.  It  is  soluble  in  about  10 
parts  of  water,  the  unaltered  hydrate  being  left  behind :  the  solution  is 
highly  alkaline,  and  bleaches  feebly.  When  calcium  hydrate  is  suspended 
in  cold  water,  and  chlorino  gas  transmitted  through  the  mixture,  the  lime 
is  gradually  dissolved,  and  the  t«ame  peculiar  bleaching  compound  pro- 
duced: the  alkalies  also,  either  caustic  or  carbonntcd,  may  by  similar 
means  be  made  to  absorb  a  large  quantity  of  chlorine,  and  give  rise  to  cor- 
responding compounds ;  such  are  the  '* disinfecting  solutions"  of  Labar- 
raque. 

The  most  consistent  view  of  the  constitution  of  these  compounds  is  that 
which  supposes  them  to  contain  salts  of  hypochlorous  acid,  IICIO,  a  sub- 
stance as  remarkable  for  bleaching  powers  as  chlorine  itself;  and  this 
opinion  seems  borne  out  by  a  careful  comparison  of  the  properties  of  the 
bleaching  salts  with  those  of  the  true  hypochlorites.  Hypochlorous  acid 
can  be  actually  obtained  from  good  bleaching-powder,  by  distilling  it  with 
dilute  sulphuric  or  nitric  acid,  in  quantity  insufficient  to  decompose  the 
whole:  when  the  acid  is  used  in  excess,  chlorine  is  disengaged.* 

If  this  view  be  correct,  chloride  of  calcium  must  be  formed  simultane- 
ously with  the  hypochlorite,  as  shown  by  the  following  equation: 

2CaO  +  Q\  =  CaCl,  -f  CaCl^O, 
Lime.  Calcium        Calcium 

chloride,    hypochlorite. 

When  the  temperature  of  the  calcium  hydrate  has  risen  during  the  absorp- 
tion of  the  chlorine,  or  when  the  compound  has  been  subsequently  exposed 
to  heat,  its  bleaching  properties  are  impaired  or  altogether  destroyed:  it 
then  contains  chlorate  and  chloride  of  calcium;  oxygen,  in  variable  quan- 
tity, is  usually  set  free.  The  same  change  seems  to  ensue  by  long  keeping, 
even  at  the  common  temperature  of  the  air.  In  an  open  vessel  it  is 
speedily  destroyed  by  the  carbonic  acid  of  the  air.  Commercial  bleaching- 
powder  thus  constantly  varies  in  value  with  its  age,  and  with  the  care  ori- 
ginally bestowed  upon  its  preparation :  the  best  may  contain  about  80  per 
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cent,  of  AvailaMo  chlorine,  easily  liberated  by  an  acid,  which  ia,  however, 
fur  i^Uort  of  the  Lheorotiral  quuntity. 

The  genrrtil  meibml  in  which  rhis  subfitanof)  ia  employed  for  bleaching  is 
lh«  following:  The  gooda  aro  first  imtiiersetl  io  adlluif^  solution  of  chlorirj© 
of  litue  imJ  llien  tmnaferreil  lo  a  TaL  cuntairiiug  dilute  sulphuric  acid. 
Decomposilion  ensues;  'he  cilcium  hoth  of  the  hypocbloritc  and  of  the 
chloride  ia  converted  into  snlpluite,  while  the  free  hjpocblorous  and  hydro- 
chlorio  acids  yield  w&ler  and  free  chlorine: 

CftCLO,  +  CaCL  -1-  2S0.H,  =  2S0X»  +  2HCI0  +  2HC1 ; 
ttiid:  IICIO  4-  HCl  =  OHj  -{-  CI,. 

The  ohloTine  thus  disengaged  in  contact  with  the  cloth  causes  the  dcBlrae- 
tion  of  the  coloring  uiutter.  This  process  is  often  repealed,  it  bein^  unsafe 
to  use  strong  solutions.  White  patterns  fire  on  this  principle  imprintvd 
upon  colored  cloth,  the  figures  being  stamped  witli  tartaric  ncid  thickened 
with  gum-water,  atid  thf?n  the  stuff  immersed  iu  the  chlorldo  balh,  when 
the  parts  to  which  no  neid  has  been  applied  remain  uualteredt  while  th& 
prialed  portions  are  blenched. 

For  purifying  an  ofTensire  or  infectious  atmosphere^  a*  mi  nid  to  praper 
vrntiiation^  the  bleaching  powder  is  very  convenionL.  The  solution  is  ex* 
posed  in  shallow  vessels,  or  cloths  steeped  in  it  are  suspended  in  the  apart- 
ment, when  the  cttrbonic  ncid  of  I  be  air  slowly  decomposes  it  in  the  munner 
aboTc  described.  An  itdditiou  of  a  strong  ucid  causes  rapid  dittengagement 
of  chlorine. 

The  value  of  any  sample  of  bleaching  powder  may  be  easily  determined 
by  the  following  method,  in  which  the  feebly  combinud  chlorine  is  esti- 
mated by  its  effect  in  oxidiiitig  a  ferrous  salt  to  ferric  salt,  2  molecules  of 
ferrous  oxide,  PeO,  requiring  for  this  purpose  2  atoms  of  chluriue:  Iho 
latter  acta  by  decomposing  water  and  liberating  a  corresponding  quantity 
of  oxygen.  7$  (more  correctly  78  16)  grains  of  green  ferrous  sulphate 
are  dtss-dveil  in  about  two  ounces  of  water,  and  acidulated  by  a  few  drops 
of  sulphuric  or  hydrochloric  acid:  this  quantity  will  require  for  oxidation 
10  grains  of  chlorine-  Fifty  grains  of  the  chloride  of  lirue  to  be  examined 
are  next  rubbed  up  with  a  little  tepid  water*  and  the  whole  transferred  to 
the  burette*  before  described,  which  is  then  filled  up  to  0  with  water,  after 
which  the  contents  are  well  mixed  by  agitation.  The  liquid  is  next  grad- 
ually poured  into  the  solution  of  iron,  with  constant  stirring,  until  all  the 
iron  is  brought  to  the  state  of  ferric  saU>  which  may  he  known  by  a  drop 
ceasing  to  give  a  deep-blue  preclpitrttc  with  potassium  ferrlcyanide.  The 
number  of  grain -measures  of  the  chloride  solution  employed  may  ihen  be 
read  off:  since  these  must  contain  10  grains  of  servteeuble  chlorine,  the 
<|u»ntity  of  the  latter  in  the  50  grains  may  bo  easily  reckoned.  Thus, 
suppose  72  such  measures  have  been  taken;  then 

M(^Mur«t.      flrB.  Cttlorlnii.  Mmumroa.         Ore.  Ctilorino. 

72         :         10        =         100        :         13^89 
The  bleaching-powder  contains  therefore  27  78  per  ccnt.f 

CAlfCfVM  SuLrmnas. — The  mooosulphide,  CaS»  la  obtained  by  reducing 
th«  sulphate  at  a  high  temperature  with  charcoal  or  hydrogen:  it  is  nearly 
C(dorlei$s»  and  but  little  soluble  fu  wiiter.  By  boiling  together  calcium 
hydrat«,  water,  and  flowers  of  sulphur,  a  red  solution  is  obtained^  which, 
on  cooling,  dcpoaita  cryitala  of  the  bisulphide,  €aS,,  containing  water. 

t  limtuun'*  Klojn^nb,  voi.  i.  p.  60S,    Fur  oth&t  BUlliodi.  km  Walta'A  THciiowwr  ^  ^kixsaH^A 
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ALUMIIIIITII. 

Atomic  weight,  *27  4.     Symbol*  AI. 

This  toetal  occurs  very  ohnndiinily  in  nature  in  the  state  of  siUcEl^,  ab 
in  felspar  and  ita  u^HOciutcd  iiiiiierals;  nko  in  thus  vurious  tnodi&i;3attot}9  of 
c\a}'  rlientre  derived.  It  was  first  isolated  by  Woliler*  ulio  obtained  it  aa  a 
grny  powder  by  deeoiijpo?*ing  aluuiiniurn  chloride  with  potasaium;  and  H, 
Sftinte-Clttire  Ueville,  by  tin  improved  proceaa  founded  on  Ihe  eame  prin- 
ciple, bus  eucceedetl  in  obl»tnitig  it  in  the  cotijpact  ftjrui  iiud  on  the  munu* 
factnring  f cale.  The  process  consistg  in  deconiposiiig  tite  iluuble  chloride 
of  alu minium  and  sodiiini,  Al^Clg.  2NaCI,  by  henting  it  with  metullic  Bodium, 
Huor-Bpar  or  cryolite  being  added  as  a  flux.  The  reduction  is  offected 
in  crucibtes,  or  on  the  large  gcalcs  on  the  hearth  of  a  reverberatory  furnace. 
Soiliuni  is  used  aa  the  redudrig  agettt  in  prefcrenee  to  potaaaium:  firat^ 
because  it  is  more  easily  prepared;  and.  secondly,  because  it  has  a  lower 
atomic  weight,  iind,  consequently,  a  i^maller  quantity  of  it  suJEices  to  do  the 
same  amotmt  of  ehetnical  wurk. 

Aluminitini    ia  also  prepared  directly  from   cryolite   by  reduction  with 

Hum.  but  (be  metal  tbna  obtained  is  laid  to  be  more  contatuinated  with 

cia  and  silieium  than  that  prepared  by  Deviltc's  process. 

Alutninium  ts  remarkable  for  ita  low*  specific  gravity,  wbich  is  2*6:  it  is 

tienrly  as  white  as  silver,  ind  is  capable  of  assuniitig  a  high  polish.     It  \& 

employed  in  the  mannfaeture  of  delicate  apparatus  and  ornamental  urtlclee. 

Some  of  the  alloys  of  aluminium  promise  to  becunie  more  generally  appli- 

ible,  more  especially  the  alloy  with  copper,  which  is  remarkable  for  being 

iiilar  in  appi»aranc«  to  golrl:  this  alloy  is  found  already  in  commerce 

bder  the  name  of  aluminium  bronze. 

Aluminium  forms  only  one  class  ofcompounda.  in  all  of  which  it  appears 
\  be  tri?alent,  one  atom  of  the  melal  being  equivalent  to  three  aioms  of 
jrdrogen;  thu«  the  chloride  is  AV^^C^  the  oxide  AK'yij,  &c.  Each  of 
ieso  cotnpounda.  however,  contains  two  atoms  of  aluminium,  and  it  may 
hereforo  be  supposed  that  the  aluminium  is  really  tetradic.  one  unit  of 
qiiir&lency  in  each  atom  being  neutralized  by  one  unit  in  the  other;  thuii, 
AlCl, 
the  ehloride  is   |        .    That  such  U  tbe  case  is  inferred  from  the  resem- 

AlCla 
blance  of  the  aluminium  compounds  to  the  ferric  and  chromio  eompounda 
(p.  272). 

ALt7MiNttTii  Cblobibk,  AljCl^.  — Tbis  compound  is  obtained  in  aolntion  by 
lesolving  alumina  or  aluminium  hydrate  in  hydrochloric  acid  ;  but  the  bo- 
mion,  when  evaporated,  giveji  otf  hydrochloric  acid  and  leaves  alumina. 
^e  anhydrous  cbloride  may  bo  prepared  by  heating  a  mixture  of  alumina 
ad  finely  divided  carbon  in  chlorine  gas. 

Pure  precipitated  alumina  is  dried  nnd  miied  with  oil  and  lampblack,  and 
kc  mixture,  after  being  strongly  calcined  in  a  covered  crucible,  is  intro- 
_^'liecd  into  a  porcelain  tube  or  tubulated  earthen  retort  placed  in  a  furnace, 
^lul  connected  at  one  end  with  an  apparatus  for  evolving  chlorine,  and  at 
the  01  her  with  a  dry  receiver.  Ihi  raising  the  heat  to  bright  redness,  and 
parsing  chlorine  through  the  apparatus,  aluminium  chloride  dii^tils  over, 
together  with  carbon  monoxide,  and  condenaea  as  a  solid  mass  in  the  re- 
oeivcr. 

Ai,o,  -/-   Cj  +  a^  =  Albeit  +  aco. 

AlaiBiaiam  ehloride  is  a.  /ranisparent  waxy  substance,  Ua.V\ti^  %  ct^%\^- 
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line  structure,  colorless  when  pure,  but  generally  exhibiting  a  yellow  color, 
due  perhaps  to  the  presence  of  iron.  It  boils  at  about  1^,  fumes  in  the 
air,  and  smells  of  hydrochloric  acid.  It  is  yery  deliquescent,  and  dissoWes 
readily  in  water ;  the  solution  when  left  to  evaporate  yields  the  hydrated 
chloride,  Al,Cle.l20H,,  in  six-sided  prisms,  which  when  heated  are  reaoWed 
into  alumina  and  hydrochloric  acid. 

Aluminium  and  Sodium  Chloride^  Al^Cl^  2NaCl,  is  obtained  by  melting  to- 
gether the  component  chlorides  in  proper  proportions,  or  by  adding  the 
requisite  quantity  of  sodium  chloride  to  the  mixture  of  alumina  and  char- 
coal used  for  the  preparation  of  aluminium  chloride,  igniting  the  mass  in 
chlorine  or  hydrochloric  acid,  and  condensing  the  Taper  in  a  receiver.  It 
is  a  crystalline  mass,  loss  deliquescent  than  aluminium  chloride,  and,  ther«- 
fsre,  more  convenient  for  the  preparation  of  aluminium. 

Aluminium  Fluoride,  Al^F^.  is  produced  by  the  action  of  gaseous  silicioa 
fluoride  on  aluminium,  and  forms  cubic  crystals,  volatilizing  at  a  red  heat, 
insoluble  in  water,  and  resisting  the  action  of  all  acids. 

Aluminium  and  Sodium  Fluoride^  Al,Ff  .6NaF,  occurs  abundantly,  as  cryolite, 
at  Evigtok  in  Greenland,  and  is  prepared  artificially  by  pouring  hydro- 
fluoric acid  in  excess  on  a  mixture  of  calcined  alumina  and  sodium  car- 
bonate. Cryolite  forms  quadratic  crystals,  colorless,  transparent,  softer 
than  felspar,  and  of  specific  gravity  2-96.  It  is  used,  as  already  mentioned, 
for  the  preparation  of  aluminium,  and  in  Qermany  for  the  manufacture  of 
soda  for  the  use  of  soap-boilers. 

Aluminium  Oxidb.  Alumina,  Al^O,. — This  substance  is  inferred  to  be 
a  sesquioxidc  from  its  isomorphism  with  ferric  oxide.  It  is  prepared  by 
mixing  a  solution  of  alum  with  excess  of  ammonia,  by  which  an  extremely 
bulky,  white,  gelatinous  precipitate  of  aluminium  hydrate  is  thrown  down. 
This  is  washed,  dried,  and  ignited  to  whiteness.  Thus  obtained,  alumina 
constitutes  a  white,  tasteless,  coherent  mass,  very  little  acted  upon  by  acids. 
It  is  fusible  before  the  oxy-hydrogen  blowpipe.  The  mineral  called  corun- 
dum^ of  which  the  ruby  and  sapphire  arc  transparent  varieties,  consists  of 
nearly  pure  alumina  in  a  crystallized  state,  with  a  little  coloring  oxide: 
emery,  used  for  polishing  glass  and  metals,  is  a  coarse  variety  of  corundum. 
Alumina  is  a  very  feeble  base,  and  its  salts  have  often  an  acid  reaction. 

Aluminium  Hypratks.  —  Aluminium  forms  three  hydrates;  namely: 

Monohydrate     .         .     AlHOj      orAljOj.OH. 
Dihydrate      .         .  AlgH^Og  or  AljO, .  20II, 

Trihidrate         .         .     Al^HeOe  or  Al^O,.  30H,. 

The  monohydrate  is  found  native,  as  diaspore^  in  translucent  masses  which 
crumble  to  powder  when  heated,  and  give  oflf  the  whole  of  their  water  at 
860°. 

The  trihydrate  is  the  ordinary  gelatinous  precipitate  obtained  by  treating 
solutions  of  aluminium-salts — alum,  for  example  —  with  ammonia  or  al- 
kaline carbonates.  When  dried  at  a  moderate  heat,  it  forms  a  soft  friable 
mass,  which  adheres  to  the  tongue  and  forms  a  stiff  paste  witlr  water,  but 
does  not  dissolve  in  that  liquid.  At  a  strong  red  heat,  it  parts  with  its 
water*  and  undergoes  a  very  great  contraction  of  volume.  It  dissolves 
with  great  facility  in  acids,  and  in  the  fixed  caustic  alkalies.  When  a  solu- 
tion of  alumina  in  caustic  potash  is  exposed  to  the  air,  the  potash  absorbs 
carbonic  acid,  and  the  aluminium  trihydrate  is  then  deposited  in  white 
crystals,  which  are  but  sparingly  soluble  in  acids. 
Aluminium  frihydrate  has  a  very  powerful  «LVlTWiV\oT\.  tot  w^tv\<i  matter, 
And  when  digceted  m  Molutions  of  vegetable  co\oT\iivm^VV«t,^<iTs^vii'&%^*v^ 
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and  cftTries  down  the  coloring  matter,  which  is  thus  removed  cntirulj  from 
the  liquid  if  the  alumiiui  1m  in  Bufficient  quatitity.  The  [Hj^entH  cu1k«d 
luket  ar«  compounds  of  this  nature  Tbe  fibre  of  cotton  iiopiegupUed  with 
alumina  acquires  tUe  same  power  of  reialning  coloring  miitieri»:  lieuce  lUe 
great  use  of  olumiuou^  aaUii  at)  mordant*  to  produce  faijL  colore. 

Aluminium  tribydnite  occurs  ntitive  uh  Giifhstte^a,  slulactilic,  Lranslucent, 
fibroiw  mineral,  cuaily  dissolved  by  acids. 

DthydraU.  —  Wben  a  dihiio  solution  of  aluminium  diacotatc  ifl  exposed 
for  several  days  to  a  temperature  of  10(1^  in  a  close  vesieel,  ibo  acetic  acid 
appears  to  bo  set  frec^  although  uo  precipitutiou  of  alumma  tttkes  plu.ce. 
The  liquid  acquires  the  taat^  of  acetic  add,  and  if  afterwnrd»  bolted  in  iin 
open  Tesael,  gives  off  QoaHy  the  whole  of  its  acetic  acid,  the  alumina  never- 
thelesB  remaining  in  solution,  TbiH  solution  isi  cuiijruUited  by  mitieral  adda 
and  by  most  Tegetnble  acidH,  by  alkutie^,  nnd  by  decoct  ions  of  dycT^'oods. 
The  alumina  contained  in  it  is.  however,  no  longer  cajsable  ef  adiiig  as  a 
uiordnnl.  It^  coagnlum  with  dye- wood  a  hn.s  ibe  color  of  I  be  infusion,  but 
is  translucent  and  totally  diifercnt  from  the  dense  opaque  bikes  which, 
ordinary  aUiuiina  forms  with  the  same  coloring  maiters.  On  evaporuting 
the  solution  to  dryness  at  lOlP,  the  akimiua  remains  in  the  form  uf  diliy- 
drate,  retaining  only  a  trace  of  acetic  acid.  In  tJiia  state  it  is  insoluble  in 
tbe  stronger  Rcids,  but  (taluble  in  acetic  add,  provided  it  hria  not  been  pro- 
Tiousty  co;igulated  in  the  manner  just  momioned.  Boiling  potash  converta 
it  into  the  irihydrate,* 

Ahimiwifti.  ^The  hydrogen  in  nluminium  trlBydrate  may  bo  ri*placed  by 
nn  equivalent  quantity  of  VHtiuuM  ijiuIhIh;  such  compounds  nrc  called 
alummatr*.  According  lo  Fr<3my,  a  solution  of  iiluminn  in  potush  slowly 
evaporated,  out  of  contact  with  the  air,  dt posits  granular  crystals  (if  pi>- 
tassium  aluminate,  Al"'KOj,  or  AlyOjOK^  Similar  compounds  occur  na- 
tive; ihu.^  Spinetl  is  an  alumlnate  of  magnesium,  Al^'^'iMg^^O^;  GahniUf  tLii 
aluminate  of  linc,  AK^'^jZu'^O^. 

Alcxinifm  Sulphide,  Al^S^.  —  When  the  rapor  of  carbon  biaulphidc  is 
passed  over  alumina,  at  a  bright  red-lieat,  a  glassy  melled  mass  remains, 
which  ia  instantly  decomposed  by  water,  with  evolution  of  sulpburelled 
hydrogen. 

AxuxiNTm  SuLPHATK,  (SOXkV^^^ABOU^,  or  Al^Og.  SSO^.TSOHj^- 
Prepared  by  saturating  dilute  nulpburic  acid  with  aluminium  hydrati?,  and 
evaporating:  or,  on  tbe  large  scale,  by  heating  clay  with  snlpliuric  acid. 
li  crystallize!)  in  thin  pearly  plntes,  8olub1e  in  2  pfirts  of  water:  it  hA«i  a 
^  sweet  and  aatrmgent  taste,  and  an  acid  renotion.  Heated  to  redness,  it  is 
*  decomposed,  leaving  pure  alumina.  Two  other  aluminium  8ul|diiU0B,  with 
excess  of  base,  are  also  described,  one  of  which  is  insoluble  in  water. 

Aluminium  sulphate  combines  wiih  the  sulplmU-s  of  poiassium,  sodium, 
and  ammonium,  and  the  other  alkali-metals,  forming  double  salts  of  great 
interest^  the  alum*.  Common  tduiiu  the  source  of  all  the  preparations  of 
alumina,  contains  (S04),Al'''''K.12(Hly  It  is  manufactured  on  a  ver^"  large 
9eale  from  a  kind  of  slaiy  cluy,  loaded  with  iron  bisulphide,  which  abounds 
In  certain  localities.  This  is  gently  roasted,  and  then  e?cpo»eil  lo  the  atr  in 
a  moistened  state;  oxygen  is  Absorbed  ;  the sulfiliur  becomes  aciditied  ;  fer« 
roiis  sulphate  and  aluminium  sulphate  are  produced,  and  afterwards  sepa* 
rated  by  liiiviatiein  with  water.  The  solution  is  next  concentrated,  and 
mixed  with  a  quaniity  of  potassium  chloride,  which  decomposes  the  u^iti.- 
nalt,  forming  ferrous  chloride  and  potassium  sulphate :  tbe  \aVl<iT  cvm\V\T\eja 
with  the  alumij/iuia  sulphate  to  form  alum.     By  cryaiaVVvmlitiix  vU«s  aX\i.\a  \^ 

•  WMtiv  Cram,  Cheio.  Soc.  Joum,  vl.  235, 
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KpAT^e*!  &:=  tie  -'-^^F  «-?--^-^  ^roB  chlmd«,  and  aftervmrds  eftiily  pa- 
r^e-i  bj  a  r«:<e^:::-. :.  :f  :h*  pr^e^e^f.  Other  methoil<  of  ftlom^aiAkuig 
e  xl?: .  xzfi  kre  «'.ci'SL=:e:fe=.r.:T^i.  P-sajviam-alum  errstAllizcs  in  colorless, 
:r^-*j  ir*i:  ;'.r .  i-rir .  -  ?  -^iiri:  -f^ta  exhibit  the  faces  of  the  cube.  It  has 
X  *-m»^'dsi.  &::i  ^rrirreac  :a«:e.  rediens  litmus-poper.  and  diasoWes  in  18 
f  irt«  of  v&:«r  a:  I:*  '•=.  ari  i=.  i:«  own  wei^t  of  boiling  vater.  Exposed 
iv  h.*i:.  ::  i*  -^^Ij  r^z^irrei  a=.^Tdroa«.  and  br  a  Tery  high  temperature  it 
13  dec^.  E:f-.'«<-l.  Tae  crT^c:a!«  ^re  Utile  lendencj  to  chiaBga  in  the  air. 
Xi-jjn  i*  larg<elT  afe>l  in  the  art*,  in  preparing  skins^  dyeing,  Ac :  it  is  oc* 
cas'.vzlaUt  cvn:am:na:e-l  «ith  iron  oxide,  which  interferes  with  some  of  its 
apr!:':^:i  n<.  The  cclebrate-i  Roman  alum,  made  from  a/iisi-«ronc,  a  fel* 
spa: hick  r^^rk  aliere*!  br  »u:phurou«  rapora.  waa  onee  much  prized  on  ac- 
CvuQt  of  it<  free*lom  frosi  thi«  imporitT.  A  mixture  of  dried  alum  and 
su^ar.  carl-:-!iize^i  ia  an  open  pan.  and  then  heated  to  redness  in  a  glass 
fla«k,  coatact  with  air  being  avoided,  famishes  the  pyropkonu  of  Homberg^ 
which  ignites  <poaiaaeou<'iT  on  exposure  to  the  atmosphere.  The  essential 
ingre^iient  i«.  in  all  probabiUijr.  6nelT  divided  poiaasium  sulphide. 

S'y<Luf/i-2iur%,  in  which  sulphate  of  sodium  replaces  sulphate  of  potassium, 
has  a  form  and  constitution  similar  to  that  of  the  salt  described:  it  is, 
huwever.  mach  more  ^olubte,  and  difficult  to  crystallize. 

Ammonivm-i!vm,  coniaining  NH^  instead  of  K.  Tery  closely  resembles 
common  potassium-alum,  baring  the  same  figure,  appearance,  and  oonsti- 
tuiion.  and  nearly  the  same  degree  of  solubility  as  that  substance.  It  is 
manufactured  for  commercial  use.  As  the  value  of  potassium  salts  is  con- 
tinually incre:ising.  ammonium-alum,  which  may  be  used  in  dyeing  with 
the  same  advantage  as  the  corresponding  potassium  salt,  has  almost  en- 
tirely replaced  the  potassium-alum.  When  heated  to  redness,  ammonium- 
alum  yields  pure  alumina. 

CKiiumalum,  (Sl\),Al'''Cs.l20H^  and  Bubidium-alum,  (SO^),Al'''Rb. 
120II,,  resemble  potassium  alum.  \  til  rer  alum,  {S0^)^KV^^AgV20Hp  is 
formed  by  henling  equivalent  quantities  of  argentic  and  aluminium  sul- 
phates till  the  former  is  dissolved.  It  crystallizes  in  regular  octohedrons, 
and  is  resolved  by  water  into  its  component  salts.  There  is  also  a  thallium 
alum,  (S04)2AK^^T1.120H2.  which  crystallizes  in  regular  octohedrons. 

Lastly,  there  are  alums  isomorphous  with  those  just  described,  in  which 
the  trivalent  aluminium  is  replaced  by  trivalent  iron,  chromium,  and  man- 
ganese: for  example,  potassio-ferric  sulphate  or  potassium  iron  alum,  (SO^), 
Fe^^^K.  12011,;  ammonio -chromic  sulphate,  (SC\),Cr''^NH^.120H,.  These 
will  be  described  further  on. 

Few  other  aluminium  salts  present  especial  interest,  except  the  silicates; 
but  these  latter  arc  of  great  importance.  Silicates  of  aluminium  enter 
into  the  composition  of  a  number  of  crystallized  minerals,  among  which 
felspar,  by  reason  of  its  abundant  occurrence,  occupies  a  prominent  place. 
Granite,  porphyry,  trachyte,  and  other  ancient  unstratified  rocks,  consist 
in  great  part  of  this  mineral,  which,  under  peculiar  circumstances  by  no 
nieans  well  understood,  and  particularly  by  the  action  of  the  carbonic  acid 
of  the  air,  suffer  complete  decomposition,  becoming  converted  into  a  soft, 
friable  mass  of  earthy  matter.  This  is  the  origin  of  clay;  the  change  it- 
self is  seen  in  great  perfection  in  certain  districts  in  Devonshire  and  Corn- 
wall, the  felspar  of  the  fine  white  granite  of  those  localities  being  often 
diHintcgrate<i  to  an  extraordinary  depth,  and  the  rock  altered  to  a  substance 
resembling  soft  mortar.  Hy  washing,  this  finely  divided  matter  is  sepa- 
rated from  the  quartz  and  mica;  and  the  milk-like  liquid,  being  collected 
in  tHtilcH  Ami  Nij/Ferod  to  stand,  deposits  the  suspended  clay,  which  is  afler- 
wimlH  ilriotl,  Hmt  in  the  air,  and  aderwarda  ui  a  alQ^e,  and  employed  in 
tJio  niff '  of  porcelain.    TYie  compoaVVVoTi  aa-ftV^iitt^  Vq  \«k»\v«t^  ^^V 

^/>itr  /  -.  Si04AlK.2SiO^  or  6a\0^K\0^1S4i.    'IV^^  ^xaaV. t^Vw^ 
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of  the  change  bj  wliicb  felspar  pa^si:^  mto  poreeluin  clay  ib  unknown,  al- 
though  it  evidenilj  cimsiiHti!  ici  the  abstruciiou  ut  ailica  v^nd  alkali. 

When  the  decoTrip«jsiiig  rouk  couluias  iruu  uxiilt-,  the  clay  produced  is 
colored.  The  ditterent  varieties  of  shale  mal  ^ilittu  rt'sult  from  the  altera- 
tion of  ancient  cl:iy-bcds,  apparently  in  mimy  hiAintniviH  by  the  Inliltrutiun 
of  water  holdtng  silica  in  ^tdution:  the  dark  appearaucu  of  iiooie  of  theao 
deposits  is  due  to  bitumiuou!*  niattt*r. 

It  is  a  common  tuisiake  to  coufoiiud  chiy  with  alumina:  all  clays  are 
essentially  silicates  o!'  that  base;  tliuy  ol'ieii  vary  a  good  deal  io  composi- 
tion. Dilute  acids  eiiert  little  aciiuu  on  the^e  compouudij;  but  by  boiiing 
with  oil  of  vitriol,  aUimina  is  dissolved  out,  and  hnely  divided  siliea  lett 
behind  Clays  containing  an  admixture  ot  c;^lcium  curbunato  are  termed 
marls,  and  are  recognixed  by  etfervesciug  with  nddsi* 

A  baaic  aluminiiini  silicate,  Al/lj.Sifl^  is  found  crystallisted,  constituting 
the  beautifiil  miner/il  called  cyaniu.  The  compounds  formetl  bj  Iho  union 
of  the  aluminium  ttilicates  with  other  silicates  are  almost  inriumerable.  A 
sodium  feli^parf  alhiie^  containing  that  metal  in  place  of  potassium,  is  known, 
and  there  are  two  somewhat  similar  liihlum-cnnipounds,  ^jwiumrnr'  acid  pe- 
taiitf.  The  zeoiiffit  belong  to  this  class;  anafcime^  n^'phriinr,  mr^ntifpe^  &c., 
are  double  silicates  of  sodium  and  aluminium,  with  water  of  crystallization. 
Sfffbite^  heulanfiitf,  Iriumontitf^  prrhnitf!,  &c.^  consist  of  calcium  silicate  com- 
bined with  silicate  of  alutiiinium.  The  fjarntU^  axinitt^  mica^  SiCt  have  a 
simitar  eompo'^ition,  but  are  anhydrous,  Iron  seaquioxide  is  very  often 
fiubstituted  for  alumina  in  these  minerals. 


Stilts  of  iluminium,  when  moistened  with  e^aU  nitrate  and  heated  before 
the  blowpipe^  assume  a  characteristic  blue  color. 

Alumina,  wdien  in  solution,  is  dtstinguished  without  difficulty.  Caustic 
ptiVtJth  and  Koda  occasion  white  gLdttinous  precipitHfes  of  aluminium  hy- 
drate, freely  BolnT:)le  in  excess  of  the  alkali,  Ammotiia  produces  a  siroilar 
precipitate,  insoluble  in  exce?^s  of  the  reagent.  The  uikatim  carbonuif/i  and 
rnrbnnuU  of  a  mm  nn  its  precipiiafo  ihe  hydrate,  with  escape  of  carbonic  acid. 
The  precipitates  are  insoluble  in  excess. 

Ammonium  tulphide  also  produces  a  white  precipitate  of  alumiDiuin 
hydrate. 


lEBYIXlim,  or  GLUCIinnf. 
Atomic  weight,  9  4.     Symbol,  Be. 

This  soraewhat  rare  metal  occurs  as  a  silicate,  either  alone,  as  in  phena* 
cite,  or  associated  with  oilier  silicates,  as  beryl,  euclase,  lencopliane,  hd- 
file,  and  several  varieties  of  gadoUnite;  also  as  an  aluminaie  in  chrysoberyl 
or  cymopMane, 

MetalHe  beryllinm  is  obtained  by  passing  the  vapor  of  the  chloride  over 
meli««d  sadinm.  It  i?  n  white  metal  of  specific  gravity  2-1  ;  it  may  be 
forged  and  rolled  into  sheetfli  like  gold:  it?  molting  point  is  hflow  that  of 
silver.  It  does  not  df compose  water  at  the  boiling  heat.  Sulphuric  and 
hydrocliloric  acids  dissolve  it,  with  evolntion  of  hydrogen. 

Beryllium  farms  but  one  clans  of  com  pounds,  and   there  is  considerable 
doobt  as  to  its  atomic  Wfight  and  e*piivnl*»nr  value.     On  Ihe  one  hand  it  is 
regarded  as  a  dyad,  like  cinlcinm  and   iiiJiKnesium,  with  the  atomic;  Niit\^\cvSH 
W'A.  its  chloridebeinir  BeCIy,  i^s  oxidf*  ReO:  on  the  o\\\ct\\*t\<\,  tx^  iv\«!\tu^, 
like  ftlnmmfum,  with  nppnrent  trr-equivalent  vnUie,  oi\  w\\\Qi\\  ^iwyv^^^^'^^^ 
MiM  '^M^rMe  would  be  Be/%,  itn  oxide  Be^O^,  antV  \\%  atomVc  ^ftv^Vv  \\\  \*^iV 
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the  former  view  appears,  on  the  whole,  to  be  most  in  aecordmnce  with  ok- 

tiorveil  facts. 

Beryllium  Chlobiue,  BeCl^  is  formed  by  heating  the  metal  in  chlorine 
or  hydroobloric  acid  gas,  or  by  the  action  of  aqueoua  hydrochloric  acid  on 
the  metal  or  its  oxide. 

The  anhydrous  chloride  is  prepared  by  passing  chlorine  orer  an  ignited 
mixture  of  beryllia  and  charcoaL  it  is  less  Toiatile  than  aluminium  chlo- 
ride, very  deliquescent,  and  easily  soluble  in  water. 

Bebtlliux  Oxide.  Bebtllia,  BeO.  —  This  earth  may  be  prepared  from 
beryl,  or  eitber  of  the  other  beryllium  silicates,  by  fusing  the  finely  pounded 
iniiiHriil  with  potassium  carbonate  or  quicklime;  treating  the  fused  mass 
with  hydrochloric  acid ;  evaporating  to  dryness;  then  moistening  the  resi- 
due with  hydrochloric  acid,  and  treating  it  with  water,  whereby  evciy- 
thing  is  dissolved  except  the  silica.  The  filtered  liquid  is  then  mixed  with 
exccHs  of  ammonia  solution,  which  throws  down  a  bulky  precipitate  con- 
taining both  alumina  and  beryllia;  this  precipitate  is  well  washed,  and  the 
beryllia  is  dissolved  out  from  the  alumina  by  digestion  in  a  cold  strong  so- 
lution of  ammonium  carbonate.  The  liquid  is  again  filtered,  and  on  boiling 
it,  l)ory Ilium  carbonate  is  deposited  as  a  white  powder,  which,  when  ignited, 
leaves  pure  beryllia. 

Beryllia  is  very  much  like  alumina  in  physical  characters,  and  further 
resenibloM  that  substance  in  being  readily  dissolved  by  caustic  potash  or 
soda;  but  it  in  distinjcuished  from  alumina  by  its  solubility,  when  recently 
precipitated,  in  n  cold  solution  of  ammonium  carbonate. 

Boryllium  salts  have  a  sweet  taste,  whence  the  former  name  of  the  metal, 
(flucinum  (from  yXocis).  They  are  colorless,  and  are  distinguished  from  those 
of  aluniiniuni  by  not  yielding  an  ulum  with  potassium  sulphate,  nor  a  blue 
color  when  heated  before  the  blowpipe  with  cobalt  nitrate;  also  by  their 
reaction  with  ammonium  carbonate. 


ZntCOITITJlK. 
Atomic  weight,  89-6.     Symbol,  Zr. 

This  is  a  tetrad  metal,  intermediate  in  many  of  its  properties  between 
aluminium  ami  silicium.  Its  oxide,  zirconia,  was  first  obtained  by  Klap- 
roth.  in  1789.  from  zircon,  which  is  a  silicate  of  zirconium.  It  has  since 
been  found  in  forguH<.niie,  eudialytc.  and  two  or  three  other  rare  minerals. 

Zirconium,  like  nilicium.  is  capable  of  existing  in  three  different  states, 
amorphous,  crystalline,  and  graphitoidal.  The  amorphous  and  crystalline 
varieties  are  obtaine*!  by  processes  similar  to  those  described  for  preparing 
the  corresponding  modifications  of  silicium;  graphitoidal  zirconium  was 
obtained,  by  Troost,  in  attempting  to  decompose  sodium  zirconatc  with 
iron,  in  light  scales  of  a  steel-gray  color.  Amorphous  zirconium  when 
heated  in  the  nir  takes  Are  at  a  heat  somewhat  below  redness,  and  burns 
with  a  bright  light,  forming  zirconia.  Crystalline  zirconium  forms  very 
hard  brittle  scob's  resembling  antimony  in  color  and  lustre:  it  burns  in  the 
air  only  at  the  heat  of  the  oxy-hydrogon  blowpipe,  but  takes  fire  at  a  red 
heat  in  chlorine  gas.  Zirconium  is  but  little  attack<Mi  by  the  ordinary 
acids;  but  hydrofluoric  acid  dissolves  it  readily,  with  evolution  of  hydrogen. 

ZiRroNTUM  OxiDR.  or  Zirconia,  ZrO^  is  prepared  by  strongly  igniting 
zircon  (zirconUim  j^ilicate)  with  fo\ir  i\mc»  VVa  wtt\%\\\  ol  ix^^  ^^^Wxivcv  «:«.xV\oii- 
ate  and  a  BmM  i^/iantity  of  sodium  bydrate.    1\i«  »v\\<ia\ik  %«v^Ttwv*'\  Uwn 
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\        the  ftijtpd  mA99  hj  liydrocliloric  iicid,  ils  described  in  the  ca9«  of  beryllin ; 

^H  thti  rpHiillirig  sotution  is  treated  with  nmmouia,  whit^h  throws  down  »:ireonift 

^Higcikcrnlly  miieJ  with  ferric  oxide;   the  preripilute  is  redisstdvitd  in  hjdro- 

^Kehlorie  acid;  nnd  lUe  goliiiiun  is  boded  with  excet^s  of  sodium  hyposulphite 

^^E^  1on|^  AK  ."tuilphiirout^  ucid  cuiitiuuo^  Lo  ost*npG,   whereby  pure  zireoDiA  is 

^V|»rocipitate>i,  the   whale   of  ihe  iron  ri^maitung  in  tbe  solution.     Zirconia 

r        thuii  obtiiined  forms  a  white  powdi^r  or  hjtrd  lunijis  of  spocifio  gravity  4-36 

to  4-1*.     By  fusing  it  with  horni   iu  a  potUn-y  furnnce  und  dii»solvirij|r  out 

the  soluble  salla  with  hydrochloric  neid,  lircouifi  i*  ohtftiued  in  small  4tiiid- 

ratic  pri^nis,  isomorphous  with  th«-  unlive  oxiden  of  tin  anil  liiaiiium. 

^H       Zirconium  hydriiles  arc  obtained  by  precipitating  the  stdution  itf  a  xir- 

^Bj^nium  sntt  with  ammonia;   the  prc^eipitnte  contains  Zrif/),  ^^  ZrU^^OlU, 

^Por  ZrEl^O^  ^=  ZrOg.20Hj,  according  to  the  temperature  at  which  it  is  dried, 

Zirconia  acts  both  as  a  base  and  tin  an  aciiL    After  ignition  it  is  lUHolubie 

in  all  acids  ejccoLpt  hydrolluono  ami  very  strong  sulphuric  acid ;  but  the 

hydrate  dissioWes  easily  in  acidn,  forming  the  zirconium  salts ;  Ihc  normal 

sulphate  lias  the  com  posit  inn  (Stt^)^/,r''t  or  SO^^ZrO^* 

^■^    CompoundH  of  zirconia  with  the  stronger  hoses,  called  tirconatft^  arc  oh- 

^Blained  by  precipitating  a  lirconiuui  salt  with  polnsli  or  soda*  or  by  igniting 

^Hkirconia  wilh  an  alkaline  hydrate.      Pafrtxufttm  7r>c«ni^/if  dis^.Holvej*  com|dclely 

^^■In  water*     Tlirt*e  jtodium  lifomnfr*  huvehoi^n  furnieil,  cnn  lain  lug  Zr<)^Naj  = 

^KrO,.ONtt,;   ZrO^Na^  =  ZrO,.20Nii^;  and  Zr,t  >„Nn,  ^  tiZrO,  ON  a,. 

p  ZrRCosiTTit  FLtioHiDE»  ZrF|. — This  compound  is  obtain^*!  by  riissolTing 

^^girconia,  or  the  liydrate,  irt  hydroffyorie  acid;  or  in  the  anhydrous  state^ 
^HjSy  igniting  zirconia  wilh  ammonium  and  hy^b-ogen  fbioridc  (p,  27^^)  till  all 
^Hlhe  finimoniuni  fluortde  in  il  riven  off.  ft  unites  w  ith  other  metallio  fluorides, 
^Hfbrming  douVdc  salts,  ealled  zfrrojht'trifh.^  i^v  fffifizirmntfir*.  %vhich  are  ii^oinor- 
^B^hou4  with  the  corrcspoiidln}^  j^iHcotluarideM,  stnnnotfuoridesi  and  titano* 
fttiorideai  ft&d  are  mostly  represented  by  the  formuho 

4MRZrF^;     SMF.ZrF^;     2MB^ZrF^:     MF.ZrF^, 

in  wbicli  M  denotes  a  monad  metai     The  sodium  salt^  bowever,  baa  the 
oompoaltion  oNaF.SZrF^. 


I 


THOEIinrM,  or  THOBItJM. 
Atomic  weight,  1 15-75.     Symbol^  Th. 


^Vrhu  Tery  rare  mc(til  %vaii  discovered  in  1828  by  Berzclius,  in  thorite,  a 
^^pidner&l  from  the  Norwegian  island  Lovon.  in  which  it  exists  as  a  siHcate. 
It  b&s  since  been  found  In  euxentte,  pyrochlore,  and  a  few  other  minerals, 
all  very  scarce. 

Metallic  thorimim  ii  obtained  by  r<Hludng  (lie  chloride  with  potassium 

iodium,  as  a  gray  powder,  which  acquires  metallic  lut*tre  by  pri'ssurc. 

id  has  a  density  of  7'tiCi  to  7*9.    ll  is  not  oxidizefl  by  WM.ter,  dis.nolves  easily 

nitric,  slowly  in  hydrochloric  acid*  and  is  not  attacked  by  caiiHlic  nlkulies. 

Tboriuum  forms  but  one  class  of  compounds,  in  all  of  which  it  b  bivalent, 

THORiTftiM  OxffiK,  OT  TnoEiNA,  ThO,  is  prepared  by  decomposing  thorite 
itii  hydrochloric  acid,  separating  the  silica  'u\  the  usual  way,  treating  ilio 
dtercd  solution  wilh  hydrogen  sulphiile  %n  ?aMparate  leal  and  t  ii,  and  pre- 
||iititting  the  thorina  by  arnnumia,  together  with  smuU  quat\V\V\ta  <A  \\\* 
Kideti  of  iron,  Rtangancse,  antt  unimutn.     To  get  rid  of  iXies^e,  v\ve  \)Tve\Yw- 

^e  i*  rvdismhefi  in  hjrdrochlnric  ac'\d,  mid  the  hot  HalWTfct^d  %o\u\WtvN* 

»0j/ffd  with  A  solution   of  ueutral  potassium  Bulp\i&tQ,     T\i©  v\^otVtv>iwv 
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BARTH-METALS 


thereby  prpcipitAtcfi  as  ihorintim  and  potassium  sulphate;  ind  from  the 
solution  of  tliis  salt  in  hoi  wutc^r,  tbti  thorinum  is  precipitated  as  it  hydrate, 
which,  oit  igoilioa,  yivlJs  pure  Lhoriua, 

Thorina  is  whiie^  and  very  heavy,  iti3  specific  gravity  boing  9.402.  After 
igtiitiou  it  18  itisoluhk  in  lutric  and  hydrochloric  acids,  and  di^soWeet  in 
strung  sulphuric  acid  ouly  afu»r  prolonged  heating.  The  Ayt/rcife  prccipi* 
tated  from  liiorinum  saLta  by  alkalies  dissolves  easily  in  acid». 


TutmiNLM  CiiLnBiDK,  ThCl,,  prepared  by  igniting  an  intimate  mixture 
thorina  nnd  charcoal  in  chlorine  gas*  sublimes  in  white  shining  crystal 
It  furnis  double  salts  with  the  chlaridea  of  the  alkali-metals. 


Thobistm  SrLPiTATK»  SO^Th",  crystallijes  with  variouB  quantities  of 
ivrtter,  Bccording  to  the  teniperaturc  at  which  its  solution  is  evaporated. 
Thorinum  and jfotuMmm  $u!phtU^^  (S(>^).^Th^'Kj ,  01 1  j,  neparates  a»  a  crystalUnis 
powder  when  a  crust  of  pota^siiiui  »u![>hate  is  suspendeil  in  a  solution  of 
thorinum  sulphate.  It  is  easily  soluble  in  water,  but  insoluble  in  nleohol 
and  in  solution  of  pot&Bsium  aulphate. 


■■4 


CEBrUM.  -  LAirXHAKUM.  --  DIBTMITJll. 
Co  =  92.  — U  =  92B.— Di  =  96. 

These  three  metals  occur  together  as  eilicatefl  in  the  Swedish  mitteritl 
cerite,  also  in  allanite.  orthite,  iiiid  a  fow  others;  iind  as  phosphates  in 
monazite,  edwHnl^ite,  nnd  cryptoltie,  a  mineral  oecurring  disaeniinated 
through  apatite  and  through  certain  cobalt  ores. 

Cerium  was  discovered  in  18U;j  by  Klaprolb,  and  by  Hisinger  and  Ber- 
xelius,  who  obtained  it  in  the  form  of  oxide  from  cerite.  This  mineral  is 
completely  decomposed  by  boiling  with  strong  hydrochloric  acid,  silica 
being  separated,  find  the  cerium,  togHher  with  iron  und  other  metals,  dis- 
eoWing  at*  thloride.  On  treating  tin*  acid  solution  thus  obtuined  with  oxalic 
acid,  cerium  oxalate  is  precipitated  as  a  while  crystalline  powder,  which, 
when  ignited,  leaves  a  brown  o^ide.  The  prmJuct  thus  obtaineii  was  for 
80Ri(!i  time  regarded  as  the  oxide  of  a  single  metal,  cfrium  ;  but  in  1H.S?»  ond 
1841,  Mos^nnder*  showed  that  it  contoined  the  oxides  of  two  other  mclals^ 
which  lie  dcsignafcd  as  htfitfttrnumf  nitd  dieii/tftiu7H,'\_ 

Cerium  oxide  may  be  separated  from  the  nxides  of  lantbnnum  and  didy- 
mium  by  treating  the  crude  brown  oxide  above  mentioned,  first  with  dilute 
ami  then  with  strong  nitric  acid,  which  gradually  removes  the  whole  of  the 
lanthanum  and  didyiuium  oxides* 

The  sepmration  of  these  two  oxides  one  from  the  other  is  much  more  diffi- 
cult, and  can  be  efl'ected  only  by  j?uceoj!.sive  cryytalliintion  of  their  sul- 
phates. If  the  lanthanum  salt  is  in  excess,  in  which  case  the  solution  of 
the  mixed  sulphates  has  only  a  faint  nmethyst  tinge,  the  lif|uid  ia  evaporated 
to  dryness,  and  ihe  residue  heated  to  a  temperature  jual  below  redness,  to 
render  the  sulphates  anhydrous.  The  rej^idue  thus  obtained  is  then  to  be 
added  hy  small  portions  to  ice-cold  water,  in  which  it  <iis.'*o!veB  eiisily,  and 
the  resulting  solution  heated  in  a  water-baih  ty  about  '10''.  l.anthanuiu  sul* 
phate  then  crystalliaes  out,  contaiuing  only  a  small  quantity  of  didymium, 
aofl  may  be  further  purified  hy  ri'peating  the  whole  process.  If,  on  the 
pther  huud,  the  diflymium  8alt  is  in  excess,  m  which  case  the  liquid  has  m 
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Frfcctded  roflc  color,  Mepuralion  mny  be  eif««tetl  by  leaving  the  ncid  sohition 
[in  a  warm  place  for  u  day  or  Iwo.     Didymium  sutpliatif  Iheu  sftcparatejs  m 
large  rhomhohedrftl  crystals 

MetiiUlc  cct'iuin,  lutilbiiriuTu,  nnd  ijidymium  are  obUklned  by  reducing 
the  chloridoa  witb  solium,  in  the  tbrtw  of  gray  powderf,  which  decompoHo 
water  at  ordiniiry  (empcraturca,  and  dissulire  rapidly  iu  dilute  acids  with 
eTolution  of  hydrogen, 

Ctrimn  forms  tkr^e  aeries  of  cotnpoimds:  the  eerovs  compoimdi^  in  which  it 

ii  bivaleatr  r.  y.^  C«C1^,  CeU»  Ce80|;   the  cirk  eotn^<tund*^  ia  which  it  is  ap- 

.  par&iiily  trl?aleat^  but  really  quadrival»ni,  like  the  ferric  salt,  «.  ff,,  oorie 

k  CeF, 

fluoride^  €e,Fj  =    j        ;  and  the  ceroto^eeric  eotnpoundt^   of  iDterniediato 

OF, 
composition,  and,  perhaps*  couMisring  of  oompoujids  of  the  other  two,  e.  ff,^ 
'  ceroso-ccric  oiide,  0/14  =  CcU.f'tt^Og 

CerouM  oxtdt^  Ci*U,  is  obtnined  by  igniting  the  carbunato  or  oxalate  in  a 
llJ'tirrofii  of  hydrngnu,  as  a  gray inlt^bl tie  powder,  qnickly  converted  iuto 
IccroBo-cerTo  oxide  on  exposure  to  the  air.  iitf  Balt8  are  colorluHjj.  The 
XMutpkatt^  SO/Je,  crystalUzcf*  witb  viirioua  quantities  of  water,  according  to 
I  the  letiipt'raiLire  at  which  it  is  depo<<ited.  Certum  and  fmtaxmum  nulphate, 
l(S04),reKjp  80parate§  as  a  white  powder  on  ininierainf^  solid  potu88iunj  sul- 
phate in  a  solution  of  a  ccrouM  salt,  ll  in  slightly  s^oluhlc  in  pure  waicr, 
Wt  insoluble  in  a  saturated  solution  of  pot/ia-sium  sulphate.  The  fornm- 
li'ioQ  of  this  salt  afl'ordB  the  ineaua  of  separating  oeriuoi  from  most  other 
lUnetala. 

The  only  eerie  compounds  actually  known  are  the  fluoride^  CejF^.  already 
nentioned,  which  may  he  obtained  as  a  yellow  precipilale,  and  likewise 
Poccurs  tifttive  as  jfuoet'titf,  and  an  oiy  fluoride,  Ce^F,0|,  eocurriDg  as  Jluo- 
Jtermi  at  Finnbo,  in  Sweden. 

O^Ce 

I  >0 
Ceroto-^eric  oxtde^*  Ccj  0^,  or         Ce        ,   analogous   in  compoaitioti   to 

I  >o 

O  =^  Ce 

lerro^oferric  or  magnetic  iron  oitde.  is  produced  when  ccrou»  hydrate^ 
Eirbonate,  or  nitrate  is  ignited  iu  an  open  vcanel.  It  i«  yellowish- white, 
ii|uire»  a  deep  orange- red  color  when  heated,  but  recovers  il»  original 
lint  on  conting.  It  i»  not  converted  into  a  higher  order  liy  ignition  in 
aydrogen.  Cerom-cfnc  ht^draie,  Ct'jO^  3011,,  obtained  hy  pn^^ing  chlorine 
into  aqueous  potash  in  wluch  cermiit  hydrate  is  suspended,  is  a  bright - 
Ejelluw  precipitate,  which  dissolves  readily  in  sulphuric  and  nitric  acids, 
"Dnuing  yi'lbnv  solutions  of  ceroso-ccric  salts:  and  in  hydrochloric  acid, 
Iwith  evolution  of  chlorine,  forming  colorless  cerous  chloride. 

Tho  solution  of  the  sulphate  yields  by  spontaneous  evaporation,  firit, 
»wn-red  crystals  of  the  salt.  (St>^),Cej.  18  aq„  or  H804Ce'^  (!^i^),re''V 
|8  aq  .  and  afterwards  a  yellow  indisCinctly  orystatline  salt^  coutaining 
lO^t  V.  (»(^),Ce'''j.  18  aq.t 

AU  ccroso-ceric  compounds,  when  healed  with  hydrochloric  acid,  give 
plT chlorine,  and  are  reduced  to  the  corresponding  cerous  compounds;  thus: 


4 


8HC1       =       «CgCI,       + 

O«roua  cliktddo. 


40Hj     -f-    CV 


*  A  aMK|iito«i(]^.  C(vO«,  I*  cofnmfmly  »aicl  t^  ^adtt,  and  Ut  ilc«ainMteil  m  cede  oxtdt,  \^^\  l3tM»« 
"I  nfi  unmf  *ir  im  4*xi»tt'hc*';  ntilht^r  arr  Aft/  aatts  of  analofOQS  eomvovVUim  V^uo^u  wVvV  c^< 

f  f  Tk»  rrmltof  tug.  (mbbn*riiUion  offupta)  La  oft«n  qsmI  ta  dvaoia  waLet  ot  ctT^mtAW^U^Wo^. 
£9* 
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842  SARTH-MSTAL8. 

Lamthaium  is  biralent,  forming  only  one  set  of  eompoanda.  liu  LaCI. 
LaO,  LaS04.  There  is,  howoTer,  a  higher  oxide,  the  oompoeition  of  whicL 
is  not  exactly  known.  Lanthanum  salts  are  colorless ;  their  aoluiioiia  yieU, 
with  alkalies,  a  precipitate  of  lanihanwn  hjfdraU^  LaH,Oy  or  LaO.OH, 
which,  when  ignited,  leaves  the  white  anhydrous  monoxide.  Botli  tlie  hy- 
drate and  the  anhydrous  oxide  disttoWe  easily  in  acids.  Lanthanum  ntij^kaU 
forms  small  prismatic  crystals,  containing  804La .  8011s.  LanikanMm  and 
potatsium  tulphate^  {\i^^^JLak¥i^  is  formed,  on  mixing  the  solution  of  a  lan- 
thanum salt  with  potassium  sulphate,  as  a  white  crystalline  prMipitate, 
resembling  the  corresponding  cerium  salt. 

Didffmiam  is  also  bivalent ;  its  salts  are  rose-colored,  and  their  solaiiona 
giro,  with  alkalies,  a  pale  rose-colored  precipitate  of  the  Aydhite»  DiH.0,1 
which,  when  ignited  in  a  covered  crucible,  leaves  the  anhydrous  monoxide, 
DiO,  in  white,  hard  lumps.  When,  however,  the  hydrate,  nitrate,  carbon- 
ate, or  oxalate  of  didymium  is  heated  in  contact  with  the  air,  and  not 
very  strongly,  a  dark-brown  peroxide  is  left,  containing  from  0*8to0<9  per 
cent,  oxygen  more  than  the  monoxide.  This,  when  treated  with  aoids, 
dissolves  readily,  giving  oflf  oxygen   and  yielding  a  salt  of  the  monoxide. 

Ditiifmium  tulphate  separates  from  an  acid  solution,  by  epontaneoni 
evaporation,  in  well-defined  rhombohedrnl  crystals,  exhibiting  numerous 
secondary  faces,  and  containing  SSO^Di .  8  aq. :  they  are  isomorphons  with 
the  similarly  constituted  sulphates  of  yttrium,  erbium,  and  cadmium.  The 
sulphate  is  more  soluble  in  cold  than  in  hot  water,  and  a  solution  saturated 
in  the  cold  deposits,  when  heated  to  the  boiling-point,  a  crystalline  powder 
containing  SO^Di  •  2  aq. 

Didifmium  and  poUisaium  sulphate,  (S04)^iK,,  resembles  the  lanthanum 
salt. 

Solutions  of  didymium  salts  exhibit  a  well-marked  absorption  spectrum,* 
containing  two  black  lines  inclosing  a  very  bright  space.  One  of  these 
black  lines  is  in  the  yellow,  immediately  following  Fraunhofer's  line  D; 
the  other  is  situated  between  E  and  A.  These  churactcrs  can  be  distinctly 
recognized  in  a  solution  half  an  inch  deep,  containing  only  001  per  cent, 
of  didymium  salt.  Lanthanum  salts  do  not  exhibit  an  absorption  spectrum 
(Gladstone). 


YTTRIXTX  AND  EBBIUX. 
Y  =  61-7.     Eb  =  112-6. 


These  metals  exist  as  silicates  in  the  gadoliuite  or  ytterbite  of  Ytterby  in 
Sweden,  and  in  a  few  other  rare  minerals.  A  third  metal,  called  terbium, 
has  alHO  been  supposed  to  be  a85«ociatcd  with  them ;  but  recent  experiments, 
especially  those  of  Bahr  and  Bnnsen,f  have  thrown  very  great  doubt  upon 
its  existence. 

To  obtain  the  earths,  yttria  and  erbia,  in  the  separate  state,  gadolinite 
is  digested  with  hydrochloric  acid,  and  the  solution  separnted  from  the 
silica  is  treated  with  oxalic  acid,  which  throws  down  the  oxalates  of  erbium 
and  yttrium,  together  with  those  of  calcium,  cexium,  lantbannm,  and  didy- 
mium. These  oxalates  are  converted  into  nitrates;  the  stolutiun  is  treated 
with  excess  of  solid  potassium  sulphate,  to  separate  the  cerium  metals; 
the  erbium  and  yttrium,  which  still  remain  in  solution,  arc  again  precipi- 
tated by  oxalic  acid;  and  the  same  treatment  is  repeated,  till  the  solution 
of  fhe  mixed  earths,  when  examined  by  the  spectral  apparatus,  no  longer 
exhibits  the  absorption  bands  characteristic  of  didymium.     To  separate 

•  Set*  LianT,  p.  90.  \  Aivn.  CU.  ^\\wfXA.  cxxxnWA. 
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the  erbtft  ftud  yUria,  ih^y  are  agikiii  pretJipitatctl  by  oxalic  acid.  Tlio  oita- 
LatQS  lire  converted  into  nitrates,  niicj  lUe  nitrates  of  erbium  and  j>'itriiiiii 
lire  ftepurtiled  by  ii  series  of  frftehtiiiitl  cr^ttthllizatinn^,  lUe  *"rbiiiDi  j*nlt 
being  the  less  soluble  of  ibe  twu,  mul  crystal liiiTig  out  first ;  but  tin?  pro- 
^9M  requires  attention  to  li  number  ot^  detuib*  wbich  cannot  be  here  de- 
^ibed,* 

MetAllic  f^rbluni  has  not  been  isolated.  Yttrium  (containing  erbium) 
wfts  obtained  by  Berzclius,  aa  a  blackisb-gray  powder,  by  igniting  yttrium 
chloride  with  potnasium. 

Erbiitf  Kb'^O,  obtained  by  ignition  of  erbium  nltnile  or  ojtalate,  has  a 
faint  rose  color.  It  does  not  melt  at  the  strongest  wbite  beat,  but  aggre- 
gates to  a  spongy  mfma,  glowing  with  aa  intense  i/reeti  light,  which,  wliea 
esnmiued  by  the  speclroFCope,  c^xlnbitH  a  rfmtmuotu  spectrum  iutrrserii'd 
by  a  number  of  bright  bands.  Holuiion?*  of  erbium^pnlts^  on  the  otluT 
hand,  gire  an  absorption^spectrunffl  exhibiting  dark  banda,  and  (he  paints 
of  tnajtimum  ifitfH*tff/  of  the  lujht  band*  in  (he  rmtn^ion'UpffJrtim  of  fflowintf  rrftia 
coineifie  txiieilif  in  pmilion  ivitk  thr  poinU  of  ffrftttfAt  dnrk-nrss  in  thf  ahtorpfion- 
Mptetrum.  The  position  of  these  bands  is  totally  different  from  those  in  the 
emisHion  and  abj-^orplion-apectra  of  didymium.f  ^ 

Erbium  salts  have  a  rose-red  color,  deeper  in  the  bydrated  than  in  the 
anhydrous  state;  they  have  an  aeid  reaction  and  sweet  astringent  taMto. 
The  9itiphii(e,  3SO^Kb'''.8aq.,  forma  liglit  roi^fi-colorcd  crystals,  ifloinorphous 
with  the  sulphates  of  yttrium  and  diiiyniiuni. 

ruria^  Y^'d,  is  a  soft,  nearly  wiiittf  powder,  which  ^vhen  ignited  glows 
with  a  pure  white  light,  and  yields*  a  sspcetrum  not  containing  any  bright 
bands,  like  that  of  erbia.  It  does  not  imite  directly  with  wnter,  but  is 
precipitated  as  a  hydrate  by  alkalies,  front  solutions  of  yttrinrii-salls.  It 
dissoWe^  slowly  but  completely  in  hydrochloric,  nitric,  ami  sidpburic  acids, 
forming  colorlesi*  solutions,  whieh  da  not  exlnbit  an  abaorption-wpectrnna. 

Tttnum  »uiphut€t  88O4Y'''.  8aq,,  formB  small  colorless  crystals. 


^P  Rmciiom  0/  the  Earih-MHaU, 

1.  All  these  metals  are  precipitated  from  their  solutions  by  ammonium 
Bulphide,  as  hydrates,  not  as  sulphides.  They  are  not  precipitated  by 
hydrogen  sulphide. 

2.  The  hydrates  of  aluminium  and  beryllium  arc  soluble  In  caustic  poh 
otA;  those  of  the  other  earth-metals  are  iusoluble. 

3.  DerylUtim  hydrate  dissolves  in  a  cold  saturated  solution  of  ammonium 
earbQnaU^  and  i^  precipitated,  as  carbonate,  on  boiling.  Aluminium  hydrate 
ti  injiolublu  iu  annnotuutu  carbonate  (see  further,  p.  Ml), 

4.  Of  the  earth-metaU  whoso  hydrates  arc  insoluble  in  potash,  — namely, 
xirconium,  thorinuni,  ceriuui,  lanthanum,  didyraiiira.  erbium,  and  yttrium, 
—  xirconium  and  thorinum  may  be  precipitated  as  hyposulphites  by  boiling 
the  solution  with  sodium  hffpuMulphitt^  the  other  metals  remamtng  in  solution* 
The  prccipttatc  when  ignited  leaves  pure  sirconia  or  thorina,  or  a  mixture 
of  the  two. 

b.  Zirconium  and  fborinum  may  b©  separated  one  from  Iho  other  by 
means  of  ammonium  ozatate,  which,  when  added  in  excess,  precipitates  tho 
thorinum  as  o^calate,  and  leaves  tho  lircontum  in  solution^ 

6,  Cerium,  lanthatmm,  and  didymium  are  separated  from  yttrium  and 
erbium  by  uddiiig  an  excess  ot  pottusium  aulphafr^  wliich  tlirows  down  ti;e 
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certiim  metifclBt  leaving  ytlrinoi  iin»i  crbiiiin  in  solution;  Jo  itt^ire  4>ntiip1ftp 
procipittttion,  the  i*oluiit>ti  iniiat  be  k't'i  in  cutiUici.  fijr  sonic  limo  wiih  a 
piece  of  solid  potassium  siilj»liuie 

C<*rium  may  be  aeparaU'd  from  liitithanum  and  didyniimn,  ns  &1reHdj 
obiierved,  by  trotiting  the  mixed  uxiJes  fjevernl  times  with  mtrtc  nrui  (p. 
S-IO),  Another  method  i.s  to  bnil  tUc  mixed  oxideti  (tLe  cerium  being  in 
the  Bfntc  of  ceroBo-ceric  oxidt*)  svith  solution  of  ttrl-ammtiniae.  The  Unihn- 
num  Eind  didymium  then  jrradually  di»»olve,  as  cblnridef*,  while  the  cerium 
rL^iiiaiua  ft«  eeroso-eeric  oxide.  A  ihird  method  is  to  precipitiile  th«  solu- 
ti(Ki  of  the  til  ret?  metala  with  exce^H  of  potimh,  and  pa»«  thinnnt  in  excess 
through  (he  solution  and  precipitate;  Ihc  cerium  is  then  ttcpftmled  iii 
bright -yellow  cerof*0'Ceric  hydrate^  while  the  knthanutu  and  didymium 
redi.ssolvo  a*  cl»lori<lt»s.  This  reaction  serves  to  detect  very  HUinU  quanlt- 
lies  of  cerium  mixed  with  the  other  two  tnetals,  Cerium  is  further  diistin- 
gui^hcd  by  the  light-yellow  color  of  anhydrous  ceroso-ceric  oxide.  And  hy 
the  reaction  of  Ha  cociipounda  when  fu^ed  before  the  blow-pipe  with  bor«^ 
or  pho»plioru!«  nalt^  the  glass  thus  formed  being  deep-red  while  hot,  and 
becoming  colorlet^ir  on  cooling.  Didymium  18  di^linguitihed  by  the  dark- 
brown  coloi*  of  ita  hiphrr  oxide;  by  the  pule  rose-color  which  Us  salto 
impart  to  &  bead  of  borix  or  phosphorus  salt ;  and  by  the  peculiar  chftrihcler 
of  its  absorption  spectrum  f|i,  *\i2). 

The  methoflrt  of  sepnrniing  Inntharium  from  didymiuni^  and  yttrium  from 
erbiutn  —  imperfect  ai  the  beat  —  have  been  ttlready  noticed. 

MANUFACTURE  OF  GLASS,  POIIOKLAJN.  AND  KAETIIEKWARI. 

Ola*«, — GlA«a  is  a  mixture  of  varioua  insoluble  eilicateis  with  cxcoas  of 
BilicAf  altogether  destitute  of  cryslnllinc  structure;  the  simple  »iUcates, 
formed  by  fusing  the  bases  with  silicic  acid  in  e*iuivalcnl  proporlioni*,  very 
oflen  cry.'^tallize,  which  ha(>peii8  also  with  the  greater  number  of  the  natural 
giljcules  included  among  the  earthy  tninernls.  Compuunds  identical  with 
some  of  these  are  ul?*o  oeoii«ionfl,lly  formed  in  arlificiiil  processes,  where 
large  masf^e.s  of  melted  ghisi^y  muttL'r  ure  suffered  lo  cool  slowly.  The 
alkaline  nilicatcs,  when  in  a  state  of  fusion^  have  the  power  of  disaolring 
a  hirge  ijuanfily  of  silica. 

Two  prTueipul  varieties  of  glass  are  met  with  in  commerce ^ — namely, 
glikss  compoHcd  of  silica^  ttlknU,  nnd  lime,  and  glass  containing  a  large 
proportion  of  U'ud  iniliciile:  cmun  sin«l  pltfir  ffftjjfg  belong  to  the  former  di- 
vi.sion  ;  jHftt  tftfiKit,  nnd  the  materiul  of  artifieiiil  gems,  to  the  latter.  The 
lend  promotes  fusibtliiy,  ami  coiiiVrs  also  density  and  lustre.  Common 
green  bottle-glft!*?«  contains!  no  lend,  but  much  silicate  of  iron»  derived  from 
Ihe  impure  unitrriub.  The  prineifdc  of  the  glaMS  manufacture  is  very  sim- 
ple. Silica,  ill  the  i?ljapp  of  sand,  is  heated  with  potassium  or  sodium  car- 
bouate,  and  slaked  lime  or  lead  oxide;  at  a  high  temperntnre,  fusion  and 
cotnbinfition  occur,  and  the  carbonic  acid  isexpelleil.  Glauber's  sail  mixed 
with  charcoal  is  sometimes  substituted  for  soda.  When  the  melted  miws 
hiiH  become  perfectl}'  clear  and  free  from  air-bubbles*  U  is  !efl  to  cool  until 
it  ussume<!  the  peculiar  tenacious  couflttion  proper  for  working. 

The  operation  of  fusion  is  conducted  in  large  crucibles  of  refractory 
fire-cluy,  which  in  the  case  of  lead -glass  nre  covered  by  a  dome  at  the  lop, 
and  hiive  an  opening  at  the  side,  by  which  the  materials  nre  introdncedf 
and  the  uielted  glass  withdrawn.  Great  care  is  exercised  in  the  choice  of 
the  satid.  which  must  be  ijuite  white  and  free  from  iron  oxide.  Red  lead, 
one  of  the  higher  oxides,  is  preferred  to  litharge,  although  immediately 
/•€v///r('J  6? /jjn/joxide  by  the  hcatp  the  liberated  oxygen  serviog  to  destroy 
/itij'eotiihiistihle  noillerihat  migUl  acc'idei\tft\\>'  l\w\  Ua  way  into  the  croeiblc, 
nnd  !ttain  the  gUiAfi  by  rc^lucing  a  portioii  of  Vhc\e^d.  VoXasX^  %«ta  *.\«^Wwa 
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rlban  9od»,  although  the  latJor  is  vRry  generally  pmploved,  frotn  its 

'price.     A  certain  proportion  of  brolceu  and  wui*te  glaan  of  the  same 

^tnd  19  alwAjH  ad«]cd  to  the  other  materials. 

Articles  of  blown  glans  are  Htna  Tmide  :  The  workman  bejpns  by  «olleeling 

propiT  quantity  of  soft  pasty   glass  at  ihc  end  rd'  hi^  hlowpipe,   an  iron 

ubc  five  or  six  feet  in  Icrip^ilip  ieriiiiiitttiHl  by  a  mi^oihfiicco  of  wood:  he 

ticn  bcf^ins  blowings  by  which  the  lump  t»  expnudrd   into  a  kind  of  tl!i!<k, 

iiHreptible  of  hiiriog  its  form  modified  by  the  position   in  which  it  if^  hcdd, 

itid  the  vtdocity  of  rotation  cootinuHlly  given  to  the  iron  tube.    If  tin  opi'U- 

nouthed  vessel  is  to  be  made,  an  iron  rod,  eallod  ii  pottftf  lH* pimfH^  is  rti)«prd 

nUi  the  glasa  pot  and  applied  lo  tlie  bottom  of  iI»l<  tlu.sk,  (o  wliidi  it  ihud 

trvcB  as  a  hundle,  the  blowpipe  beii*g  removed  by  the  affplicalion  of  a 

old  iron  to  the  neck.     The  vessel  is  th^n  re-hfjiled  at  n  hole  left  for  thu 

ose  in  the  wall  of  the   fornuce.   and  the  npcrtnre  enlarged,  ftiid  the 

^ otherwine  ultered  in  fignre   by  llie  fti«l  of  ii  fexv  simple  tools,  until 

Itpleted.     It  is  then  dt^tachetl,  nnd  carried  to  the  annealing  ovt'n.  whero 
undergoes  slow  and  gradunl  cooling  during  many  hours,  I  he  «ihjeet  of 
lich  is  to  obviate  the  excensive  hrltlliHie-*'*  olways  exhibited  by  glasH  whieh 
I  been  quickly  cooled.    The  large  eireular  tahUt  of  crown  glass  are  made  by 
,  Tery  curious  process  of  this  kind:  the  globular  tlnsk  at   first  produced, 
Iransferred  frow  the  blowpipe  to  tho  pontil,  is  pu<Menly  innde  lo  ftswiim© 
the  form  of  a  flat  disc  by  Itie  ccnlrifugal  force  of  the  rnpid  rolatory  move- 
ment given  to  the  rod.     Plalo  gbiKs  i^  ca«t  upon  a  flat  metal  tnble,  and,  after 
Yery  careful  annealing,  ground  true  and  pjlished  by  suitable  maivlunery, 

ITnbes  are  made  by  rapidly  drawing  out  a  hollow  cylinder ;  and  from  these 
'%  great  varieiy  of  useful  small  apparatus  may  be  eon?«lriicted  wiili  the  help 
Ufa  lamp  and  blowpipe,  or,  still  better,  the  beMows-Table  of  the  barometer' 
maker.  Small  tubes  may  be  benl  in  the  flame  of  a  .spirit -lamp  or  gas  jet, 
knd  cut  with  great  e'lse  by  a  file,  a  scratch  being  made,  and  the  two  por- 
pons  pulled  or  broken  asunder  lu  a  way  easily  learned  by  a  few  trials. 
I  Specimens  of  the  two  chief  varieties  of  glaSH  gave  the  following  results 
GO  analysis : 


Bobeadan  plAt«  %\u^  (cxeelleDt).* 
Silica  .         .         .     €l>0 

Potassium  oxide     ,         SfrO 
Lime  .        .        ,     12'6 

07^5 


Eng;Hifa  flint  gUu«.f 
Silica         .         .         ,     61-93 
Potassium  oxide   »  l!l  77 

L^^H  ozldo        .        .     33-28 

mm 


The  diffienltly  fusible  wbite  Bohemian  tube,  eoTaluable  in  organic  analysts, 
has  been  found  to  contain,  in  lOO  parts: 


» 


Silica 

Lime,  witb  trace  of  alumina 

Magnesia 

Potassium  oxide 

Traces  of  manganese,  &o.,  and  loss 


Vim 

■40 

ir>-80 

-32 


nil 


Different  colors  are  often  communicated  to  gloss  by  metallic  oxides. 

Tliui.   oxide   of  cobalt   gives   deep   blue;    oxide   of  manganese,  amethyst; 

iMiprods  oxide,  ruby-red  ;  cupric  oxide,  green  :  the  oxides  of  iron,  dull  green 
brown,  &c.  These  are  eitlicr  added  to  the  melted  contents  of  the  glass- 
t,  in  which  they  dif^solve,  or  applied  in  a  particular  manner  to  the  surface 
the  plate  or  other  object,  which  is  then  reheated,  until  fm^i<s\v  ^t  VW 

coloring  matter  occurs;  »uch  is  tJte  practice  of  enameWmji  au4  ^«;«a-^«I\q.V 
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ing.     An  opaque  white  appearance  is  giyen  by  oxide  of  tin;  tlie  enamel 
of  watch -faces  is  thus  prepared. 

When  silica  is  melted  with  twice  its  weight  of  potassium  or  sodium  ear- 
bonate,  and  the  product  treated  with  water,  the  greater  part  dissolTca,  yield- 
ing a  solution  from  which  acids  precipitate  gelatinous  silica.  This  is  the 
soluble  gla*i  of  Profefisor  Fuchs:  its  solution  has  been  used  for  rendering 
muslin  and  other  fabrics  of  cotton  or  linen  less  combustible,  for  making 
artificial  stone,  and  prcHcrTing  natural  stone  fW>m  decay,  and  for  a  peculiar 
style  of  mural  painting  called  stfreoehromy.* 

Porrflain  and  Earthenware.  —  The  plasticity  of  natural  clays,  and  their 
hardening  when  exposed  to  heat,  are  properties  which  suggested  in  Tcry 
curly  times  their  application  to  the  making  of  ressels  for  the  Tarious  pur- 
po«es  of  daily  life:  there  are  few  branches  of  industry  of  higher  antiquity 
than  that  exercised  by  the  potter. 

True  porcelain  is  distinguished  fVom  earthenware  by  very  obTious  char- 
acters. In  porcelain  the  hotft/  of  the  ware  is  very  compact  and  translucent, 
and  breaks  with  a  conchoidnl  fracture,  symptomatic  of  a  commencement  of 
fusion.  The  glaze,  too,  applied  for  giving  a  perfectly  smooth  surface,  is 
closely  adherent,  and,  in  fact,  graduates  by  insensible  degrees  into  the  sub- 
stance of  the  body.  In  earthenware,  on  the  contrary,  the  fracture  is  open 
and  earthy,  and  the  glaze  detachable  with  greater  or  less  facility.  The 
compact  and  partly  glassy  character  of  porcelain  is  the  result  of  (he  admix- 
ture with  the  clay  of  a  small  portion  of  some  substance  which  is  fusible  at 
the  tempernturc  to  which  the  ware  is  exposed  when  baked  or  fired,  and 
being  absorbed  by  the  more  infusible  portion,  binds  the  whole  into  a  solid 
ma«s  on  cooling:  such  substances  are  found  in  felspar,  and  in  a  small 
admixture  of  calcic  or  alkaline  silicate.  The  clny  eniployed  in  porcelain- 
making  is  always  directly  derived  from  decomposed  felspor,  none  of  the 
clays  of  the  socoudary  strata  boiiip  pure  enough  for  the  purpose:  it  must 
be  white,  and  free  from  iron  oxide.  To  diminish  the  contraction  which  this 
substance  undergoes  in  the  fire,  a  (piantity  of  finely  divided  silica,  carefully 
prepared  by  crushing  and  grinding  cnlciiied  flints  or  chert,  is  added, 
together  with  a  proper  i)roporti(»n  of  felsjuir  or  other  fusible  material,  also 
reduced  to  impalpable  powder.  The  utmost  pains  are  taken  to  effect  per- 
fect uniformity  of  mixture,  and  to  avoid  the  introduction  of  particles  of 
grit,  or  other  foreign  bodies.  The  ware  itself  is  fnshioned  either  on  the 
potter's  wheel  —  u  kind  of  vertical  lathe  —  or  in  moulds  of  plaster  of  Paris, 
and  dried  first  in  the  air,  afterwnrds  by  artificial  heat,  and  at  length  com- 
pletely hardened  by  exposure  to  the  temperature  of  ignition.  Tlie  porous 
bvtruit  is  now  fit  to  receive  its  glaze,  which  may  bo  either  ground  felspar,  or 
a  mixture  of  gypsum,  silica,  and  a  little  porcelain  clay,  diffused  through 
water.  The  piece  is  dipped  for  a  moment  into  this  mixture,  and  withdrawn  ; 
the  water  sinks  into  its  suhntance,  and  the  powder  remains  evenly  spread 
upon  its  surface;  it  is  onco  more  dried,  and,  lastly,  fired  at  an  exceedingly 
high  temperature. 

The  porcelain-furnace  is  a  circular  structure  of  masonry,  having  severnl 
fireplaces,  and  surmounted  by  a  lofty  dome.  Dry  wood  or  coal  is  con- 
sumed as  fuel,  and  its  flame  tlirected  into  the  interior,  nnd  made  to  circu- 
late around  and  among  the«earthen  cases,  or  Hoiffam,  in  which  the  articles 
to  be  fired  are  packed.  Many  hours  are  re<|uired  for  this  operation,  which 
nmst  be  very  carefully  managed.  After  the  lapse  of  several  days,  when 
the  furnace  has  completely  cooled,  the  contents  are  removed  in  a  finished 
state,  so  far  as  regards  the  ware. 

The  ornamental  part,  consisting  of  gilding  and  pointing  in  enamel,  has 
jet  to  he  executed:  nft^r  wliich  the  pieces  are  again  heated,  in  onler  to  flux 
i/ie  coJorff.     The  operation  has  sometimes  to  >ic  Tv^caveOL  \\\ot^  \\\«la\  <^ti<^^. 

^  See  Rlchmrdaon  and  Wjittii*ii  Chemical  TechiM>\oiRr.  vo\.\.p«wtl\^.  w^^-^^A. 


MAGNESIUM. 

The  tnnnafAotuTc  of  pflrcelnin  in  Eiiri:»pe  is  of  modern  origin  i  the  Chi- 
tipse  have  pos8es*«ed  the  art  from  the  commiMiceminiL  ul'  tlie  Ht-veiitli  century, 
and  iheir  ware  is,  in  same  respects,  altogether  itnequullt'd.  Tht>  niHteriuU 
employed  by  them  are  known  to  be  kaoftn,  ur  Uecompofietl  felspar  ;  pctunUt, 
or  quartz  redtieod  to  fine  powder;  and  the  uijbi'H  ot  fern,  which  con t^m 
potBSfiium  carbon  a  te« 

Stoneicare. — This  is  il  co&rfe  kind  of  porcelniu,  made  from  ol«y  contain- 
ing oxide  of  iron  and  n  little  lime,  to  wlilyh  it  owed  its  piirtial  fusibility. 
The  gluzing  is  perfoi'mcd  hy  throwing  common  Rah  into  the  heuted  furttace: 
ibis  19  volatilised,  and  decumposcfl  hy  the  joint  ugency  of  (he  silica  of  the 
ware  and  of  the  Tapor  of  water  alwuys  prenent ;  liydrochh>ric  acid  and  tiuda 
are  protlut;ed,  the  latter  forming  a  ><ilieute,  which  fujacs  over  the  uurfaco  of 
the  ware,  and  gives  a  thin,  btit  excellent  glaie. 

Earthenware.  —  The  finest  kind  of  earthenware  is  made  from  a  white  sec- 
ondary clay,  mixed  with  a  eonHiderabk'  quantity  of  silica.  The  articles  are 
thoroughly  dried  and  fired;  after  \vhich  they  are  dipped  into  a  readily 
fusible  glare  mixture,  of  which  lead  oxide  iiD  Uiinally  an  important  ingre- 
dient, and,  when  dry,  re- heated  to  the  point  of  f union  of  the  Utt^r  The 
whole  procests  is  much  easier  of  execution  than  the  makiu|f  of  porcelain, 
and  demands  less  care.  The  ornamental  de^igna  in  blue  and  other  colors^ 
«o  common  upon  plates  and  household  articles,  are  printed  upon  paper  in 
enamel  pigment  mixed  with  oil,  and  transferred,  while  »till  wet,  to  the 
unglaxeil  ware^  When  the  ink  bocoiuefl  dry,  the  paper  in  washed  off,  and 
the  glazing  completed. 

The  coarser  kinda  of  earthenware  are  sometimes  covered  with  a  whitiiili 
opaque  glaxe,  which  eontaiuH  the  oxides  of  lead  and  tin;  Huch  glaiio  is  very 
liable  to  be  attacked  by  acids,  and  is  dangerous  r<  r  culinary  vessels. 

Crucibles,  when  of  good  quality,  are  very  valuable  to  the  praclicjal 
chemiitt.  They  arc  made  of  clay  free  from  lime,  mixed  wiih  sand  or 
ground  ware  of  the  same  description.  The  Hessian  and  t'ornish  crucibles 
are  among  the  best.  Sranictimes  a  mixture  of  plumbago  and  clay  is  em- 
ployed for  the  name  purpose ;  and  powdered  coke  has  been  also  uned  with 
the  earth:  «ueb  crucibles  bear  rapid  changes  of  temperature  with  impunity. 


GROUP  IIL 


Atomic  weight,  2-t.     Symbol,  Mg. 

This  metal  was  formerly  classed  with  the  metals  of  the  alkaline  earths, 
hai  it  i*  much  more  nearly  related  to  line  by  its  propertiea  in  the  free 
slate,  as  well  as  by  the  volaiiliiy  of  its  chloride,  the  solubility  of  its  sul- 
phate, and  the  isomorphiffm  of  several  of  its  compounds  with  the  analo- 
gously conBtiiu(?il  compounds  of  xinc. 

Magnesium  occurs  in  the  mineral  kingdom  as  hydrate,  carbonate,  borate, 
phnsphale,  viilphate,  and  nitrate.  sonietimeH  in  the  8oli<l  state,  sometimes 
ditisoWt^d  in  mineral  waters:  rnagnesian  limestone,  or  dolomite,  which  forms 
entire  mountain  masses,  is  a  carbonate  of  magnesium  and  calciym.  Magne- 
sium abo  m^curs  »a  silicate,  combined  with  other  silicates,  in  a  variety  of 
minerals,  as  steatite,  hornblende,  augite,  talc,  &c. ;  also  as  aluminatc  in 
spinelle  and  teilanite.  It  likewise  occurs  in  the  bodies  of  plants  and  atii" 
Dials,  chiefly  as  carbonate  and  phosphate,  and  in  comVinaliQiL  V\V\i  OTfja.X!^ 
acids. 

Mvtnllio  m&gneBium  h  prepared: 
J.  Bj  the  clcctroJjBis  of  fused  magnesium  chloride,  ox,  \»&U.ex ,  ol  «."bm.- 
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ture  of  4  moleculei  of  magnesium  chloride  and  3  molecnlen  of  poissaitim 
clitijfide  wiih  u  t^mali  i|Uaiatitj  of  &uUumtuoiimc.  A  criri?eiiieul  wftjr  of 
cft"outin(^  ilie  rcilueiiou  is  lo  fuse  the  mixture!  in  u  cotumon  c-hiy  totmcoo-pipe 
uvor  an  Argaud  Bpirit-hiiup  or  gstf^- burner,  tbe  iiegulive  pule  Innug  an  Iron 
wire  passed  up  the  pipe-«tem,  and  the  positive  pole  &  piece  of  guacokef 
jujit  touching  the  *«urlut'e  of  the  fused  t'liloridca.  Uu  passing  Ibe  curreot 
o(  a  haliery  of  ten  lluusen'H  vclH  through  the  arrangement,  the  magnesium 
collects  round  the  eitretnify  of  ihe  iron  wire  (Matthiefti^en). 

2.  Mugncsiiim  umy  be  prepared  in  much  larger  i|uuntity  by  reduoinf; 
mitgnehfum  chluridf,  or  the  double  chloride  of  umgnesium  iiud  Fudium  or 
poiaHjiiuni,  with  mi^tallic  fodium.  The  double  chloride  Ib  prepared  by  dis- 
»uiving  mugue^ium  earbunute  in  hydrochloric  acid,  adding  an  equivalent 
qiittiitilj  of  audiuRi  or  poiujssjum  chloride,  evaporuling  to  dryness,  and 
fusing  the  residue.  This  product,  heuied  with  iiudium  in  a  wrought-iron 
crucible,  yiehb  uietaUtc  magnesium,  coutnining  ceiiain  impuritits,  from 
which  it  may  be  freed  by  dj^Lillsition,  This  prDcepfi  \b  mtw  carried  out  on 
the  manufacturing  scale,  and  the  magnesium  is  drawu  out  into  wire  or 
formed  inti>  nhnnd  for  burning,* 

Magnesium  is  a  brilliant  metal,  nlraoat  as  white  as  silver,  somewhat  more 
brittle  at  commcn  temperatures,  but  malleable  at  a  heat  a  little  below  red- 
ness, lis  specific  gravity  is  1*74.  It  melts  at  a  red  heat,  und  volutilizcs  at 
nearly  the  same  temperature  as  sine.  It  retains  itu  lustre  in  dry  air,  but  in 
moist  air  it  becomes  covered  with  a  cru»L  of  magnesia. 

MftgneHium  in  the  form  of  wire  or  riband  take»  fire  at  a  red  heat^  burning 
with  a  dazzling  bluish- white  light.  The  llame  of  a  candle  or  spirit-lamp 
is  sufficient  to  inliamc  it,  but  tw  insure  cfiniinuous  coukbustion  the  melWl 
must  be  kept  in  contact  with  the  flame.  For  this  purpose  lamps  are  con- 
istriicied,  provided  with  a  meehanis*m  whteb  continually  pushes  three  or 
more  magnesium  wires  into  ii  small  spirit-tlame. 

The  magnesium  tlaiue  produces  a  continuous  spectrum,  containing  a  very 
large  proportion  of  the  more  rctVangible  rays:  bcnce  it  is  w«ll  adapted  for 
photography,  and  has,  indeed,  been  utiied  for  taking  photographs,  in  the 
absence  of  the  sun,  or  in  places  where  sunlight  cannot  penctt-ate,  as  in 
caves  or  aubterrauean  apartments. 

Macnesitm  Cblciriiie,  MgCl^ — When  magnesia,  or  ils  carbonate,  is 
dissolved  iti  hydrochloric  acid,  magnesium  chloride  and  water  arc  produced; 
but  when  this  solution  is  evaporated  to  dryness,  the  lat«t  portions  of  water 
arc  retained  with  such  obstinacy,  that  decomposition  of  the  wuter  ifl  brought 
about  by  the  concurring  attractions  of  magnet lutn  for  ojygen,  and  of  chlor- 
ine for  hydrogen;  hydrochloric  acid  is  expelled,  and  magne^iia  rernaina. 
If,  boweTer.aal-amuHmiae,  potaBsinm  chloride,  or  sodium  chloride  is  present, 
a  double  salt  is  produced,  which  is  easily  rendered  anhydroUEi,  The  beat 
minli'  of  pn*puritig  the  chloride  is  lo  divide  a  quantity  of  hydrochloric  acid 
into  two  oi|Ual  portions,  to  neutralize  one  with  magnesia,  and  the  other 
with  iimmonia,  or  carbonate  of  ammonia:  lo  mix  these  solutions,  evaporate 
theui  lo  dryness,  and  then  expose  the  salt  to  a  red  heat  In  a  loosely  covered 
porcelain  crucible.  8ftl -ammoniac  sublimes,  nnd  magnesium  chloride  in  a 
fuMnl  state  remains;  the  latter  is  poured  out  upon  a  clean  stone,  and  when 
cold  transferred  to  a  well  stopped  bottle. 

The  chloride  so  obtained  is  %vhilo  and  crystalline.    It  is  very  deliquescent 

and  highly  soluble  in  water,  from  which  it  cannot  again  be  recovered  by 

evaporation,  for  the  rea-sons  just  menlioufd.     When  long  exposed  to  the 

air  in   a  melted   state,  it  is  converted  into  magnesia.     It  ia  soluble  in 

a/cohoL 

*  for  dcun«  of  the  manttlactiuitte  process.  teQlUcliudwii  m^^  «X\i?  «C\^Hato^'I«^ta»id««|^ 
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MAaNssriTM  Oxide,  or  MAnxEsiA.  MgO»  —  This  oiide  is  easily  prepared 
by  exposing'  the  mn^nrsui  oiba  of  pliurmacy,  wbich  is  a  hydto-curbouute^  to 
a  fuH  red  heiU  in  an  e*irthen  or  platiaiim  crucible.  Il  foriuM  a  soft,  white 
powder,  wiiitib  eiiowly  tiilnicts  [tiuistur«  and  curbonic  acid  from  i\^*i  Kir,  and 
unit«^a  quietly  with  wator  to  a  hydrate  wUieb  po.HMWBcs  a  fcidde  degree  of 
sohtbility,  requiring  about  oOlX)  parts  of  Huter  ai  \b,h^  ami  <ifvLMJ<l  parts  at 
100°.  The  alkalinity  of  niagnefiia  can  only  be  obson-ed  by  placiuj^  a  emull 
portion  in  a  moistened  state  upon  iesl-papcr;  it  Deuiralixos  ucidn,  iioweTer, 
in  tke  moat  complele  manner.     It  ]i»  infusibkv 

MagDeftiam  sulpbide  is  formed  by  pusatug  vapor  of  (xarboa  8ulpllid«  over 
ma^gnesia,  in  capaules  of  coke,  at  a  strong  red  beat. 

MAOitBfiitJH  StJtPBAT*;  Bpfloit  Salt;  SO^Mg.TOH,. — This  salt  occurs 
in  sea-wnter,  and  in  tbat  of  tn^ny  mineral  t^priiig^,  uud  is  now  manufac- 
tured iti  large  quantities  by  muting  on  tiiagneHiiin  Uiaeetone  with  dilute  iml- 
pUurio  acid,  and  Heparating  tbe  magoeatum  Bii]pbate  from  the  greater  part 
of  ibe  Bligbtly  soluble  etdcium  sulphate  by  lilt  nil  i  oik  The  crydlalH  nre  de- 
riveil  fruw  a  right  rhombic  prism;  they  are  soluble  in  an  e^uiil  weight  of 
water  at  loh^^  and  in  a  still  smaller  quantity  at  liHP.  The  salt  has  a 
tiauseou.^4  bitter  taste,  and,  like  many  other  neutral  faults,  pussoiMes  pur- 
gative profierties*  When  it  is  exiioned  to  heat,  (>  molecules  of  water 
readily  pass  off",  Ibe  seventh  being  etiergeticsLlIy  retained.  MngncRiuin  sul- 
phate forms  beautiful  double  salts  with  the  sulphates  of  pottlssium  and 
ammonium,  which  contain  ti  moleculcit  of  or jtttulUzntion- water,  their  for- 
niuli©  being  (S(\)^Mg^'K,.  6011,,  and  (SOJ,Mg^'(Nll^)^.  bUJIj,  These  salla 
are  iaomorpbous^  atid  form  monoelinic  crystals, 

MAONVfirnif  Carbonath.  —  The  neutral  carbonate^  COjMg  or  rO,,MgO,  oc- 
cur* native  in  rbombohedral  crystals,  resembling  tUu»o  of  calc-spur,  im- 
bedded in  talc  slate:  a  soft  earthy  variety  is  sometimes  met  wiib. 

When  magnesia  alba  is  dissolved  in  aqueous  oarbonio  acid,  and  I  he  solu- 
tion left  to  evaporate  sponlaneoualy,  small  prismatic  cry  glials  are  deposited, 
coni^isting  of  trihydrated  magneaiiun  carbonate,  CtijMg.  ;>UlIj. 

The  magnesia  alba  iteelf,  although  aften  called  carbuurue  of  magnesium, 
Is  not  so  ill  reality;  it  is  a  compound  of  curbuiuite  with  hydiuie.  It  is 
prepared  by  mixing  hot  soititiuns  of  potassium  or  sodium  carbonate  and 
magnesium  sulphate,  the  buier  being  kepi  in  slight  excess,  boiling  the 
whole  a  few  minute.i,  during  which  time  much  carbonic  acid  is  dimenguged, 
and  well  washing  the  precipitate  so  produced.  If  the  solution  be  irery 
dilute,  the  magnesia  alba  is  exceedingly  light  and  bulky:  if  oibcrwlse,  it  is 
denaer.  The  composition  of  thia  precipitate  Is  not  perfectly  constant.  In 
most  cases  it  contains  44]OjMg.MgHj03 ,  ♦JOlf,. 

Magnesia  alba  is  esUgbtly  soluble  in  water,  especially  when  cold* 
« 

MAONESitiH  PnosrtTATK,  PO^Mg^'^'H  .  70Hj.  —This  salt  sieparatcH  in  small 
eotorlests  prismatic  crystals  when  solutions  of  sodium  phosphate  and  mng* 
nesiuta  sulphate  are  mixed  and  suffered  to  stand  for  some  time.  According 
to  Graham,  it  is  soluble  in  about  IfXN}  parts  of  cold  water.  Magnesium 
phosphate  exists  in  the  grain  of  the  cereals,  and  can  be  detected  m  con- 
Biderable  quantity  in  beer. 

Maqkbhium  and  AMMoiiTrM  Pwcsi-HATK,  P(\Mg''''(NO^) ,  flOH,. — When 
ammonia  or  it^  earbooate  is  mixed  with  a  magnesium  salt,  and  a  soluble 
pbosjdtaie  is  added,  a  crystaHine  precipitate  having  the  abo^e  <i<iVft^vv*i\vv>T^., 
tfubsidert,   immediately  if  the  *<olii(ions  are  concentrated,  tkw\  tvUtx  -ftwafe 

Liim0  if  rerj  diiute:  in  the  latter  caste,  the  preoipVialvon  V%  \yTQ\i\^Vfe\"V3     J| 
Miirring,     This  Mmlt  is  alightly  soluble  in  pure  waUr,  \kul  neatX^  vTva^iW^Xs^  I 
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in  saline  and  ammoniacal  liquids.  When  heated,  it  gires  off  water  and 
ammonia,  and  is  conyerted  into  magnuium  pyrophi^pkattj  P^O^Mg,: 

2rO,Mg(XH,)  =  P,0,Mg,  4-  OH,    +     2NH,. 

At  a  strong  red-heat  it  fuses  to  a  white  enamel-like  mass.  Magnesium  and 
ammonium  phosphate  sometimes  form  a  urinary  calculus,  and  oooor  abo 
in  guano. 

In  practical  analysis,  magnesium  is  often  separated  from  solnttona  by 
bringing  it  into  this  state.  The  liquid,  free  from  alumina,  lime,  &e.,  is 
mixed  with  sodium  phosphate  and  excess  of  ammonia,  and  gently  heated 
for  a  short  time.  The  precipitate  is  collected  upon  a  filter  and  thoroaghly 
washed  with  water  containing  a  little  ammonia,  after  which  it  is  dried,  ig- 
nited to  redness,  and  weighed.  The  proportion  of  magnesia  is  then  easily 
calculated. 

Magnkrium  Silicates.  — The  following  natural  compounds  belong  to  this 
class :  ChrysolUfy  HiO^Mg,  =  Si02.2MgO,  a  crystallized  minei-al,  sometimes 
employed  for  ornamoutul  purposes:  a  portion  of  the  magnesia  is  commonly 
replaced  by  ferrous  oxide,  which  communicates  a  green  color.  Mur*ehaum, 
l^SiOjMg  SiOj  ==  8Si(),.2MgO,  a  solt,  sectile  mineral,  from  which  pipe-bowls 
arc  made.  Talc.  48i(.),Mg.Si()2 .  \  aq.  (called  steatite  when  maasive).  is  a  toft, 
white  sectile,  trauspureut  or  translucent  mineral,  used  as  fire-atones  for 
furnaces  and  stoves,  and  in  thin  plates  for  glazing  lanterns,  &c. ;  also  in 
the  state  of  powder  for  diminishing  friction.  Soapstone,  also  called  steatite, 
is  a  silicate  uf  magnesium  and  aluminium  of  somewhat  variable  composition. 
Serpentine  is  a  couibinatiun  of  silicate  and  hydrate  of  magnesium.  Jade,  an 
exceedingly  hnrd  stone,  brought  from  New  Zealand,  is  a  silicate  of  magne- 
sium and  aluminium :  its  green  color  is  due  to  chromium.  Augite  and  horn- 
blende are  essentially  double  salts  of  silicic  acid,  magnesia,  and  lime,  in 
which  the  magnesia  is  more  or  less  replaced  by  its  isomorphous  substitute, 
ferrous  oxide. 


Magnesium  salts  are  isomorphous  with  zinc  salts,  ferrous  salts,  cnpric 
salts,  cobalt  salts,  and  nickel  salts,  &c. ;  they  are  usually  colorless,  and  are 
easily  recognized  by  the  following  characters:  — A  gelatinous  white  preci- 
pitate with  cauttie  alkalifs,  including  ammonia,  insoluble  in  excess,  but 
soluble  in  solution  of  sal-ammoniac.  A  white  precipitate  with  potassium 
and  sodium  carbonates,  but  none  with  ammonium  carbonate  in  the  cold.  A 
white  crystalline  precipitate  with  soluble  phosphates,  on  the  addition  of  a 
little  ammonia. 


znrc. 

Atomic  weight,  65.     Symbol,  Zn. 

Zinc  is  a  somewhat  abundant  metal:  it  is  found  in  the  state  of  carbonate, 

silicate,  and  sulphide,  associated  with  lead  ores  in  many  districts,  both  in 

Britain  and  on  the  Continent;  large  supplies  are  obtained  from  Silesia,  and 

from  the  neighborhood  of  Aachen.     The  native  carbonate,  or  calamine,  is 

the  most  valuable  of  the  zinc  ores,  and  is  preferred  for  the  extraction  of 

the  metal:  it  is  first  roasted  to  expel  water  and  carbonic  acid,  then  mixed 

w/tb  fragments  of  coke  or  charcoal,  and  distilled  at  a  full  red  heat  in  a 

large  earthen  retort;  carbon  monoxide  eacap^^,  ^U\\e  the  reduced  metal 

roIaiJlizea  and  ia  condensed  by  suitable  meMi«,  ^eixQT«>X^  m>\k.mKa\A^Wk- 

tiUes  of  ATsenio, 
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Zinc  is  A  bluiab-wliite  motal,  which  slowly  iurniAhea  in  the  air;  it  hus  a 
laiuelhtr,  crystallint'  atmchire,  a  tk'usjty  vurj'ing  from  *i  y  io  7*2,  iiml  ia, 
uri"Jr?r  onlinairy  circuaistances,  brittle  Between  120°  nwl  150°  i\  (248** — 
3l>i>'^  F  )  it  is,  on  the  contrary,  iuulkNibU%  aod  mny  hty  rolled  or  haiumvrLMl 
wilhout  danger  of  fructyre;  and,  what  is  very  remttrkuble,  afttsr  such 
treaiinent,  it  retiLinii  its  miiUcubUity  when  cold ;  Ihe  abecl-tiuc  of  commerce 
IB  thus  made.  At  21 1)^  iL  (410^  F.)  it  ia  so  brittle  that  it  may  be  rtsduced 
to  powtlor  At  412"  C.  (17S°  F*J  it  meltsi  i  at  a  bright  red  hi*ut  it  boils 
and  roUtlliics,  and,  if  air  be  iidmitted,  burns  with  u  splendid  greenish 
light,  generating  the  onide.  DiluU'  Aekia  disaolve  zinc  very  readily;  it  is 
const  ant  ly  employed  in  this  m^anner  for  preparing  hydrogen  ga». 

Zinc  19  ft  djftd  mctali  forming  only  one  cUss  of  compounds. 

ZiNO  Crloeipb.  ZnClj^  may  be  prepared  by  hefttinf?  metallic  zinc  in 
chlorine:  by  disstilling  a  mijtture  of  line  tilings  and  corrn»<ive  Eubliniate; 
or,  more  easily,  by  di»?^olviiig  zinc  in  hydrochloric  aeid,  II  i»  a  nearly 
white,  trMn.slutient^  fusible  substance,  very  soluble  in  water  aud  utenbol, 
and  very  deliquescent  A  strong  solution  of  line  chloride  i»  sometimes 
Hied  as  a  bath  for  ohtaining  a  graduated  beat  above  UkP.  Zinc  chloride 
tmlles  witb  sal -am  uio  nine  and  potaa^ium  chloride  to  double  salts :  the 
former  of  these,  made  by  dissolving  jinc  ii^  hydrodiioric  ncid,  and  then 
adding  an  equivalent  quantity  of  sul-aiumouiac,  is  very  useful  in  tinning 
and  sofl-eoldering  copper  and  iron. 

ZiKC  Oxide,  ZnO,  is  a  strong  base,  forming  sails  isomttrpbous  wiih  the 
magnesium  salts*  It  is  prepared  either  by  burning  zinc  in  atmofiipherio 
air,  or  by  heating  the  carlionatc  to  redness.  Zinc  oxide  is  a  whiter  (aste- 
Icsn  powder,  ingolublo  in  wnter,  but  freely  dissolved  by  ocids.  When  heated 
it  i«  yellow,  but  turns  white  again  on  cooling.  It  is  getting  into  use  as  a 
substitute  for  white  lead-  To  prepare  linc-whito  on  a  large  scale,  metallic 
line  is  volatiliied  tn  large  efirthen  muflles,  whence  the  stinc  vajior  pusses 
into  a  small  receiver  Ufttttritf)^  where  it  comes  in  com  act  with  n  current  of 
air  and  is  oxidized.  Tbe  zinc  oxide  thus  formed  parses  immediiiiely  into 
a  condensing  chamber  divided  into  several  compartmeala  by  cloths  sus- 
pended within  it. 

Zinc  SrtpnATE,  SO^Zn.TQIl^,  commonly  called  white  vitriol, — This  salt 
is  hardly  to  be  dtstinguiMhed  by  tbe  eye  from  niugncsium  sulphate:  it  is 
prepared  either  by  dissolving  the  metul  in  dilute  sulphuric  acidj  or,  moro 
economically,  by  roasting  the  native  sulphide,  or  bkndc,  which,  by  absorp- 
tion of  oxygen,  becomes  in  great  part  converted  into  sulphate.  The  altered 
mineral  is  thrown  hot  into  writer,  and  the  salt  obtained  l>y  evaporattng  the 
clear  solution.  Zinc  sulphate  has  an  asiriugent  metallic  tasle^  and  is  used 
ia  medicine  as  an  emetic.  The  crystals  dissolve  in  2\  parts  of  cold»  and  in 
a  much  gtnaller  quantity  of  hot  water.  Crystals  containing  ti  [Molecules  of 
water  have  been  observed.  Zinc  sulphate  forms  dguMc  salts  with  the  sul- 
phairs  of  potassium  and  ammonium,  namely,  (SOJjZnK,.  OtttL^  and  (St)^)j 
Zu(NH4)j,(iUH,,  isomorpbous  with  the  corresponding  magnesiiijn  salts. 

Ztkc  Carbonate,  CO^Zn,  is  found  native;  the  white  precipitate  obtained  • 
by  mixing  solutions  of  zinc  and  nf  alkaline  carbonates,  is  a  conibitiation  of 
carbonate  and  hydrate.     When  heated  to  redness^  it  yields  pure  zinc  oxide. 

Zrxc  StitPUitiK,  ZnS,  occurs  native  as  htendv,  in  regular  tetrahedrons, 

dodecahedrons,  and  other  monomeiric  forms,  and  of  various  coIuv^h,  ^voivsv 

white  or  yellow  to  brown  or  black,  according  to  i^*  decree  ^\  y^t\v^  '  ^'^  ^'^ 

»  rmluMbh  ore  of  titic.     A  raricty  called /^/^ic^  jocfe  occuta  a«>\wfc\s\iaX  ^v\w- 

dmatljr  ia  I>erbyahiret  Cumberland,  and  CornwalL    K  ht/droltd  tulpKiida^lJD^* 
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OH,,  is  obtained  as  a  white  precipitate  on  adding  an  alkaline  aulphide  to 
the  solution  of  a  zinc  salt. 


Zinc  salts  are  distinguished  by  the  following  characters:  —  CausHepotath 
and  soda  give  a  white  precipitate  of  hydrate,  freely  soluble  in  excess  of 
alkali.  .4 mwoma  be baves  in  the  same  manner;  an  excess  redissolves  the 
precipitate  instantly.  Potattium  and  sodium  carbonates  give  white  precipi- 
tates, insoluble  in  excess.  Ammonium  carbonate  gives  also  a  white  precipi- 
tate, which  is  redissolved  by  an  excess.  Potassium  ferrocyanide  gires  a  white 
precipitate.  Uydrogen  sulphide  causes  no  change  in  sine  solutions  containing 
free  mineral  acids:  but  in  neutral  solutions,  or  with  sine  salts  of  organic 
acids,  such  as  the  acetate,  a  white  precipitate  is  formed.  Ammonium  sul- 
phide throws  down  white  sulphide  of  zinc,  insoluble  in  caustic  alkalies. 
The  formation  of  this  precipitate  in  a  solution  containing  excess  of  caustio 
alkali,  serves  to  distinguish  zinc  from  all  other  metals. 

All  zinc  compounds,  heated  on  charcoal  with  sodium  carbonate  in  the 
inner  blowpipe  flame,  give  an  incrustation  of  zinc  oxide,  which  is  yellow 
while  hot,  but  becomes  white  in  cooling.  If  this  incrustation  be  moistened 
with  a  dilute  solution  of  cobalt  nitrate,  and  strongly  heated  in  the  outer 
flame,  a  fine  green  color  is  produced. 


The  applications  of  metallic  zinc  to  the  purposes  of  roofing,  the  con- 
struction of  water-channels,  &c.,  are  well  known;  it  is  sufliciently  durable, 
but  inferior  in  this  respect  to  copper.  It  is  much  used  also  for  protecting 
iron  and  copper  from  oxidation  when  immersed  in  saline  solutions,  such  as 
sea-water,  or  exposed  to  damp  air.  This  it  does  by  forming  an  electric 
circuit,  in  which  it  acts  as  the  positive  or  more  oxidable  metal  (p.  249). 
Galvanized  iron  consists  of  iron  having  its  surface  coated  with  zinc. 


CADKIUX. 

Atomic  weight,  112.     Symbol,  Cd. 

This  metal  was  discovered  in  1817  by  Stromeyer,  and  by  Ilermann:  it 
accompanies  the  ores  of  zinc,  especially  those  occurring  in  Silesia,  and, 
being  more  volatile  than  that  substance,  rises  first  in  vapor  when  the  cala- 
mine is  subjected  to  distillation  with  charcoal.  Cadmium  resembles  tin  in 
color,  but  is  somewhat  harder:  it  is  very  malleable,  has  a  density  of  8-7, 
melts  below  2G0°  C.  (500°  F.),  and  is  nearly  as  volatile  as  mercury.  It 
tarnishes  but  little  in  the  air,  but,  when  strongly  heated,  burns.  Dilute 
sulphuric  and  hydrochloric  acids  act  but  little  on  this  metal  in  the  cold ; 
nitric  acid  is  its  best  solvent. 

The  observed  vapor-density  of  cadmium  is  3*94  compared  with  air  as 
unity,  or  56*3  compared  with  hydrogen,  which  latter  number  does  not  diff'er 
greatly  from  the  half  of  112,  the  atomic  weight  of  the  metal:  hence  it  ap- 
pears that  the  atom  of  ca<lmium  in  the  state  of  vapor  occupies  twice  the 
space  of  an  atom  of  hydrof^en  (see  p.  229). 

Cadmium,  like  zinc,  is  dyadic,  and  forms  but  one  series  of  compounds. 

Cadmium  Oxide,  CdO.  — This  oxide  may  be  prepared  by  igniting  either 
tAe  carbonate  or  the  nitrate:  in  the  former  ca^e  it  has  a  pale-brown  color, 
and  in  the  latter  a  much  darker  tint,  and  {orm^  ocIqXi^t^X  ifiA&x<^^^^^\a 
*»yatala.     Cadmium  oxide  is  invisible :  it  d\aao\N%a  Vn  a^v^v  ^T^<\»Rvti%  ^ 
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eries  of  colorlewi  ealis : 
fivhite. 


it  attriMtd  oarbonio  &oid  from  the  air,  an<l  turns 


'  Cadmiitm  Sulphatb,  SO^Cd .  401!^,  is  easily  Dbtaitiod  by  ilissolving  Ihc 
j  oxide  or  carbonate  in  dilutt^  sulpljuric  ociti :  it  ia  yory  soluble  in  wnler.  lind 
pformsi  dmible  BattM  with  the  fdiipbatpi*  of  potassium  and  ammonium,  wbicili 
[contain  respectively  (SO^).jCdK^.  trJOIl^  and  (SO^)^i:'d(NHj  .  GOII^. 

CAT>ifiFM  Chloride,  CdCl^  ui  a  very  soluble  salt,  cryatAlliRing  in  amall 
ifour-sidcd  priama. 

CAT»iirM  SuLPHiDK  IS  A  TCry  cbaraeleristic  oompouDd,  of  abrigbl-yellow 
leolor,  forming  microscopic  crysKiL^t  fusible  at  a  high  lempeniiuro.  It  is 
lobtained  by  pa^i^mg  sulphuT(!tted  hyflrogeti  giiH  tlirougli  a  solution  of  tbe 
Ivulphate^  nitrate,  or  chloride.  Tbis  compounJ  ii*  used  an  a  yeOi»w  coloring 
Itnalier,  of  great  beauty  and  permaucuce.     It  occurs  natirt!  as  ffreenoekita. 


The  saltg  of  cadmiuiii  arc  thus  distingutsbed: — Fixed  eauatio  Alkalm 

hgiTe   a   white  precipiiate  of  hydrated  oxidt%    inHobible   in   excess.      Am- 

Xmonio  gives  a  similar  white  prt^eipiiaie,    readily  soluble   in  exce«9.     Th© 

'  jixM  tilktUint  carhrmateM^  and  ammonia  ciirbonato,  tbrow  dowu  white  cadmium 

carbonate,  insoluble  in  excer^s  of  cither  precipitant.     Ifi/droffm  aulphide  and 

ammeniUTn  sulphide  preoipitaiQ  the  yellow  sulpbide  of  cadmium. 


GKOUP  IV. 

COPPIB. 
Atomic  weight,  63-5.     Symbol,  Cu  (Cuprum)* 
Copper  is  a  metal  of  great  valtic  in  the  arts;  it  aometimes  occurs  in  the 


4 


[tnetallic  state,  crystallixed  in  octobcdrons,  or  more  frequently  ia  dodeca* 
[liedrons,  but  if!  more  abundant  in  the  form  of  red  oxide,  and  in  that  of 
Lfeulphidc  combified  witb  t«ulphidc  of  iron,  aa  yellow  copper  ort^  or  ropper 
nt€§.  Large  quantities  vf  the  Utter  subHtancc  are  annually  obtained 
prom  the  Cornish  mines,  and  taken  lo  South  Wales  for  reduction,  which  is 
I  effected  by  a  somewhat  compl«ix  process.  The  principle  of  this  may,  bow- 
lever,  be  easily  made  intelligible.  The  ore  is  roasted  in  a  revorberatury 
Ifurnace,  by  which  much  of  the  iron  sulphide  is  converted  into  oxide,  while 
|tbo  copper  sulphide  remains  unaltered.  The  product  of  this  operation  is 
llbeu  sirongly  heated  with  siliceous  sand;  the  latter  combines  with  the  iron 
loxide  10  a  fu«ible  slarf,  and  separfites  from  the  heavier  copper-compound . 
I  When  the  iron  has,  by  a  repetition  of  these  processes,  been  got  rid  of, 
Hbe  copptsr  sulphide  begins  to  decompose  in  the  flamie-furnace,  losing  its 
laulphur  and  absorbing  oxygen;  the  temperature  is  then  raided  sufficientTy 
Ito  reduce  the  oxide  thus  produced,  by  the  aid  of  carbonaceous  itialtcr, 
iTbe  last  part  of  the  operation  con^ii^es  in  ihrusting  into  the  melted  metal 
pole  of  birch- wood,  the  object  of  which  is  probably  to  reduce  a  little  re- 
ttaiDtng  oxide  by  the  combustible  gases  thus  generated.      Large  quantities 

of  extremely  valuable  ore,  chiefly  earbonate  and  red  oxide,  bave  lately  been 

obtained  from  South  Australia  and  Chile. 

(*apper  ha«  a  well-known  yellowish  red  colnr,  a  specific  gravity  of  8-96, 

and  is  very  malleable  an<l  dufiile:   it  is  an  excellent  conductor  of  heat  and 
lelectricity  ;  it  melts  at  a  bright  rrd  heat,  nnd  seems  lobe  ^Vv^ViVV'j  '^tA»Xa\'£ 
fmt  a  very  hi|fh  ivwpvmrare      dtpjwr  uadorgoi^s  no  cViaii^e  \w  ^vy  \v\v  %  *x- 
\Mif*i  to  M  mot»i  atmoapiivrv,  it  becomes  covered  w'uk  a  ftVrt^u^^  iki^^t^TsX 
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• 
green  ornsi,  consisting  in  a  great  measure  of  carbonate.  Heated  to  rednesi 
in  the  air,  it  is  quickly  oxidized,  becoming  covered  with  a  black  Boale 
Dilute  sulphuric  and  hydrochloric  acids  scarcely  act  upon  copper ;  boiling 
oil  of  vitriol  attacks  it,  with  CTolution  of  sulphurous  oxide ;  nitric  acid, 
even  dilute,  dissolves  it  readily,  with  evolution  of  nitrogen  dioxide. 

Copper  is  a  dyad  metal,  its  most  stable  compounds,  the  cuprk  compoands, 
containing  I  atom  of  the  metal  combined  with  2  atoms  of  a  univalent, 
or  1  atom  of  a  bivalent  negative  radical,  «.^.,  Cu'^Cl^  Cu^^O,  Cu^'(NO-)^ 
Cu^'S04,  ^^*  Some  of  these,  however,  are  capable  of  taking  up  another 
atom  of  copper,  and  forming  compounds,  called  cuprous  compounds,  in  which 

CuCl 
the  copper  is  apparently  univalent ;   thus  cuprous  chloride,  Cu^CI^  =: J       ; 

Cu^.^^^  CuCl 

cuprous  oxide,  Cu,0  =  I     J^^'    These  compounds  are  very  unstable,  be- 

ing  easily  converted  into  cupric  compounds  by  the  action  of  oxidizing  agents. 

CoppsB  Chlorides.  —  Cuprk  chloride^  CuCl^  is  most  easily  prepared  by 
dissolving  cupric  oxide  in  hydrochloric  acid,  and  concentrating  the  green 
solution  thence  resulting.  It  forms  green  crystals,  CuCl, .  2,0Hjp  vfery 
soluble  in  water  and  in  alcohol:  it  colors  the  flame  of  the  latter  green. 
When  gently  heated,  it  parts  with  its  water  of  crystallization  and  becomes 
yellowish-brown ;  at  a  high  temperature  it  loses  half  its  chlorine  and  be- 
comes converted  into  cuprous  chloride.  The  latter  is  a  white  fusible  sub- 
stance, but  little  soluble  in  water,  and  prone  to  oxidation :  it  is  formed 
when  copper-filings  or  copper-leaf  are  put  into  chlorine  gas;  also  by  pre- 
cipitating a  solution  of  cupric  chloride  or  other  cupric  salt  with  stannous 
chloride : 

2CuCl,        -f- 
Cuprlc 
chloride. 

A  plate  of  copper  immersed  in  hydrochloric  acid  in  a  vessel  containing  air, 
becomes  covered  with  white  tetrahedrons  of  cuprous  chloride.  This  com- 
pound dissolves  in  hydrochloric  acid,  forming  a  colorless  solution,  which 
gradually  turns  blue  on  exposure  to  the  air. 

A  hydrated  cupric  oxychloride,  CuCl,.  8CuII,0,,  occurs  native  as  atacamite. 

Both  the  chlorides  of  copper  form  double  salts  with  the  chlorides  of  the 
alkali-metals. 

Cuprous  Hydride,  Cu,Hj.  — When  a  solution  of  cupric  sulphate  is  heated 
to  about  70°,  with  hypophosphorous  acid,  this  compound  is  deposited  as  a 
yellow  precipitate  which  soon  turns  red-brown.  It  gives  off  hydrogen  when 
heated,  takes  fire  in  chlorine  gas.  and  is  converted  by  hydrochloric  acid  into 
cuprous  chloride,  with  evolution  of  a  double  quantity  of  hydrogen,  the  acid 
giving  up  its  hydrogen  as  well  as  the  copper  hydride : 

Cu,H,    -f    2HC1    =    Cu,Cl,    -f    2H,. 

This  reaction  affords  a  remarkable  instance  of  the  union  of  two  atoms  of 
the  same  element  to  form  a  molecule  (see  page  232). 

Copper  Oxides.  — Two  oxides  of  copper  are  known,  corresponding  to  the 

chlorides;  and  a  very  unstable  dioxide  or  peroxide,  CuO,,  is  said  to  be 

formed,  as  a  yellowish-brown  powder,  by  the  action  of  hydrogen  dioxide 

on  cupric  hydrate. 

Copper  Monoxide,  Cupric  oxide^  or  Black  oxide  of  copper,  CuO,  is  prepared 

bjr  OAloining  inetallic  copper  at  a  red-Vieal,  wWYi.  iuW  ^x^o^ure  to  air,  or 

Btarm  ooaremeaily,  bj  heaUng  the  niiral©  lo  Te^Tv<&aft,  yj\i\tV  «m^^t^  ^wa.- 


SnCl, 

=        Cu,Cl, 

+ 

SnCl^ 

Stannous 

Cuproas 

8Unnic 

chlorido. 

chloride. 

chloride. 

COFFER.  3o6 

plelc  ilGComposiUon.  Cuprio  t^alti^t  miic^J  with  ctiU8lic  alkali  in  eioess,  yield 
a  bulky  pale-blue  precipitate  of  hytlrjiietJ  eupric  tjxide,  or  cupric  hydrate, 
r'ull,^)^  or  C11O.OH5,  which,  when  rho  whole  is  riijaed  to  the  boiling  point, 
bsCiimu^  converted  into  a  hi-avy  liiti  khrowii  powder:  this  also  is  anhydrous 
oKtde  of  eopper,  the  h^drute  dtitfering  clecoiuponjitiun,  even  m  ccinlAcL  with 
M-ait«r  The  oxide  prepared  at  a  high  temperiUure  is  perfectly  black  and 
very  dense,  Cnpric  oxide  is  soluble  in  acidii,  and  forms  a  serieii  of  very 
important  salts^  iMomorphoiu^  with  inugnetfiniu  salts. 

CtiprouM  oiidf^,  Cuj,0>  also  called  Had  onde  and  Suboxide  0/  copper, — This 
o%v\e  may  be  obtained  by  heating  irt  a  covered  crucible  a  uiiture  of  5  parts 
of  blnck  o]tide  and  4  parts  of  line  copper-clings;  or  hy  adding  grape-sugar 
to  a  solntiiin  of  euprie  Hulpliaie,  and  thou  ptitling  in  an  excess  of  causiio 
potash;  the  blue  solution,  heated  to  ebulHtion,  in  reduced  by  the  ^^ugar^and 
dep:>j*ita  cuprous  oxide.  Thia  oxide  often  occors  in  beautiful  transparent 
rnhy-rod  ery.^lab,  associated  with  other  ores  of  copper*  and  can  be  obtained 
iu  the  same  state  by  artihcial  raeanii.  It  communicates  to  glass  a  magnifi^ 
cent  red  tint,  while  that  given  by  the  cuprio  oxide  is  green. 

Cuprous  oxide  dissolves  iu  excess  of  hydrochloric  acid,  forming  a  solix- 
tioa  of  cuprous  chloride*  from  which  that  coinpound  if*  precipitated  <iti  dilu- 
tioa  with  water*  Most  oxygeu-acids,  nainrly,  sulphuric,  phosplioric,  acetic, 
oxalic,  tartaric,  and  citric  aei«is,  decompose  cuproim  oxide,  foriuing  cnpric 
salts,  and  separating  luutallic  copper;  nitric  acid  converts  it  into  cuprio 
nitrate.  Ilenue  tliero  are  but  few  cuprous  oxygen-salt.*,  none  indeed  execpt- 
ing  the  sulphites  anil  certain  double  sitlpliites  formed  hy  mixing  a  cypriG 
soluiiun  vi'ith  tlio  sulphite  of  an  alkali-metal,  r.^.^  ammoniO'Cuprou:)  siil> 
pbile,  SObCu'^NHJ. 

CcPRio  StftrBATE,  SO^Cu.SOITj. — This  beautiful  salt,  commonly  called 
blue  titriid^  is  prepiired  by  diM<olving  eupric  oxide  in  sulphuric  acid,  or, 
at  less  expense,  by  oxidizing  the  sulphide*  It  forms  large  blue  crystabi, 
«otublo  in  four  parts  of  cold  atid  two  parts  of  boiling  water;  when  heated 
10  liW)**  C>  (212**  F.)  it  readily  lories  four  molecules  of  crystallixation-water ; 
but  the  fifth  is  retained  with  groat  pertinacity,  and  is  expelled  only  ai  a  low 
re<i  beat*  At  a  very  high  temporarure,  eupric  sulphate  is  entirely  converted 
into  eupric  oxide*,  with  evolution  of  sulphurous  oxide  and  oxygen.  Cupric 
sulphate  combines  with  the  sulphat*:'^  of  |>otus.'^inni  and  of  amiiiDiiium,  fornix 
ing  pale-blue  salts,  (.SO^)j('nKj.  UtJUj  and  {S(*^|,t.'u(NiIj,.  (iUil,,  isoinor- 
phous  with  Lhe  corresponding  magnesium  salts. 

CuPEic  NtTttiTK,  (NOj^jjCu.  SOH^  is  ensily  made  by  dissolving  the  melal 
in  nitric  acid ;  it  foi  ins  deep-blue  crystals,  very  soluble  and  deliquescent. 
It  14  highly  corrosive.     An  insoluble  basic  nitrate  is  known;  it  is  green, 

CcpRic  Cabbonatks. — When  sodium  carbonate  is  added  in  excess  to  a 
solution  of  cnpric  sulphate,  the  precipitate  is  at  first  pale-blue  and  floo- 
eulent,  but  by  warming  it  becomes  sandy,  and  assumes  a  green  lint;  in 
this  stMe  it  contains  Ct>jCu.Cun,f)^4-'*1  '^*^i^  substance  is  prepared  as  a 
pigment.  The  beautiful  mineral  matachitr  has  a  similar  composition,  but 
containa  no  water  of  crystallifation,  its  composition  being  COjCu  CulljO,. 
Another  natural  compound,  called  azttriff,  not  yet  artiticially  itnitat'ed, 
occuri  in  large  transparent  crystals  of  the  most  intense  blue;  it  contains 
2C(>,Cn  CuH/),.  Virditer,  made  by  decomposing  cnpric  nitrate  with  chalky 
is  saiil^  however,  to  have  a  somewhat  similar  composition, 

Crpatc  Absinitf.  is  a  bright-green  Insoluble  powder,  prepared  by  mix- 
wg  Uie  solutions  of  a  cupric  ^alt  with  an  alkaline  arseiiitc. 

QofPMM  StfLPUJtfSS.— There  are  two  wcU-deftned  copper  ttuVp\ii4%a,  ^u^V 
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ogous  in  composition  to  the  oxides,  and  four  others,  containing  larger 
proportions  of  sulphur,  but  of  less  defined  constitution ;  these  latter  are 
precipitated  from  solutions  of  cupric  salrs  by  potassium  pentasulphide. 

Cuprie  Sulphide^  CuS,  occurs  natiTC  as  intUt/o  copper  or  covMm,  in  soft 
bluish-black  hexagonal  plates  and  spheroidal  masses,  and  is  produced  arti- 
ficially by  precipitating  cupric  salts  with  hydrogen  sulphide. 

Cuprous  Sulphidf^  Cu^,  occurs  native  as  copper-glance  or  redruth'te,  in 
lead-gray  hexagonal  prisms,  belonging  to  the  rhombic  system;  it  is  pro- 
duced artificially  by  the  combustion  of  copper-foil  in  sulphur  Tapor,  by 
igniting  cupric  oxide  with  sulphur,  and  by  other  methods.  It  is  a  power- 
ful sulphur-base,  uniting  with  the  sulphides  of  antimony,  arsenic,  and  bis- 
muth, to  form  scTcral  natural  minerals.  The  scTeral  ▼arieties  of  fahl-ore, 
or  tetrahedrite,  consist  of  cuprous  sulphantimonite  or  sulpharsenite,  in 
which  the  copper  is  more  or  less  replaced  by  equivalent  quantities  of  iron, 
zinc,  silver,  and  mercury.  The  important  ore,  called  copper-pyrilcM,  is  a 
cuproso-ferric  sulphide,  Cu^Fe^^^Sjp  or  Ci^S.Fc^  occurring  in  tetrahedral 
crystals  of  the  quadratic  system,  or  in  irregular  masses.  Another  species 
of  copper  and  iron  sulphide,  containing  various  proportions  of  the  two 
metals,  occurs  native,  as  purple  copper  or  erubeMcite^  in  cubes,  octohedrons, 
and  other  monomctric  forms. 

Ahmoniacal  Copper  Compounds. — The  chlorides,  sulphate,  nitrate,  and 
other  ttalts  of  copper,  unite  with  one  or  more  molecules  of  ammonia,  form- 
ing, for  the  most  part,  crystalline  compounds  of  blue  or  green  color,  some 
of  which  may  be  regarded  as  salts  of  mctallammoniums  (p.  315^.  Thus, 
cupric  chloride  forms  with  ammonia,  the  compounds,  2NH,  .CuC^,  -INH,. 
CuOl,,  and  GNII,.CuCL,  the  first  of  which  may  be  formulated  as  cupro- 
diammonium  chloride,  (NjII^Cu^MCl,.  Cupric  sulphate  forms,  in  like  manner, 
eupro'diammonium  sulpha fe,  (NjMjCu^'jSO^,  which  is  a  deep-blue  crystalline 
salt.     Cuprous  iodide  forms  with  ammonia  the  compound,  4X11^. Cu,I^ 


The  characters  of  the  cupric  salts  are  well  marked. 

Caustic  f>o/aM  gives  a  pale-blue  precipitate  of  cupric  hydrate,  becoming 
blackish-brown  auhydrous  oxide  on  boiling. — Ammonia  also  throws  down 
the  hydrate;  but,  when  in  excess,  redissolves  it,  yielding  an  intense  pur- 
plish-blue solution.  —  Potassium  and  soilium  carbonates  give  pale-blue  preci- 
pitates of  cupric  carbonate,  insoluble  in  excess.  —  Ammonium  carbonate^  the 
same,  but  soluble  with  deep-blue  color.  —  Potassium  f err ocyanide  gives  a  fine 
red-brown  precipitate  of  cupric  ferrocyanido  — Hifdroyen  sulphide  and 
ammonium  sulphide  afford  black  cupric  sulphide,  insoluble  in  ammonium 
sulphide. 

The  alloys  of  copper  are  of  great  importance.  Brass  consists  of  copper 
alloyed  with  from  1^8  to  34  per  cent,  of  sine;  the  latter  may  be  added 
directly  to  the  melted  copper,  or  granulated  copper  may  be  heated  wiih 
calamine  and  charcoal-powder,  as  in  the  old  process.  Gun-metal,  a  most 
valuable  alloy,  consists  of  00  parts  copper  an<l  10  tin.  Bell  and  speculum 
metal  contain  a  still  larger  proportion  of  tin;  these  are  brittle,  especially 
the  last  named.  A  good  bronze  for  statues  is  made  of  91  parts  copper,  2 
parts  tin,  6  parts  zinc,  and  1  part  lead.  The  brass  or  bronze  of  the  ancients 
is  an  alloy  of  copper  with  tin,  often  also  containing  lead,  and  sometimes 
zinc. 
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UZBGURT. 

Alomio  weighty  200-     Symbol.  Hg,  ( Hydrargyrum). 

This  very  remarkuhle  metal^  aomctimea  ciillcd  quicksiiver,  has  becnknoiTii 
from  early  tlinefi*  and  |ic*rhftp!i  more  tliun  all  others  h»!4  excited  llic  iLtten^ 
tion  and  curio <iiy  of  experimenters,  by  reason  of  its  peculiar  physical 
propcrfiee.  Mercury  is  of  great  iuiportaiice  in  several  of  ike  arts,  and 
enters  into  the  eimipuaitiori  of  marjy  val liable  medieaments. 

Metallic  mercury  i*  occasionally  met  with  in  glubtiles  disaeminated 
throtin^b  the  native  i^ulphirle,  whicli  isttieordiniiry  ore.  ThiHlutter  8ub;<taDcep 
»onteiimca  called  HnnatHir,  is  fouTid  in  considerable  qmititity  in  several 
localilien,  of  which  the  moat  celebrated  are  Almaden  in  8paiii,  and  Idria 
in  Austria.  Only  recently  it  han  been  dit^covered  in  great  abundance,  and 
of  remarkable  purity,  in  California  and  Australia.  The  metal  i»  olttained 
by  heating  the  aulphide  in  an  iron  retort  with  liiac  or  scrapa  of  iron,  or  by 
roasting  it  in  a  furnace,  and  conductiiijjj  the  vapnrs  into  a  large  chamber, 
where  the  mercury  i8  condensed,  uhile  the  sulpliurous  acid  is*  allowed  Ui 
uiscape.  Mercury  h  imported  into  thi,M  coun«ry  in  bottles  of  htimmered 
iron,  containing  seventy-five  ponndii  each,  ami  in  a  state  of  eoufiidtrable 
purity.  When  purchased  in  sniuller  quantities,  it  is  eometimes  found 
ttilult crated  with  tin  and  lead^  which  metalg  h  diBi^olves  to  9onte  extent 
without  much  lossi  of  iStiidity.  Such  admixture  may  be  known  by  the  foul 
surface  the  mercury  exhibits  when  shaken  in  a  houle  containing  air,  and 
by  the  globules,  wdien  made  to  roll  upon  the  table,  leaving  a  train  or  iail. 

Mercury  lias  a  nearly  fill ver- white  color,  and  a  very  high  degree  of 
lustre:  it  is  liquid  at  all  ordinary  temperatures^  and  i<olidifiee  only  when 
cooled  to  — 10*>,  In  this  slate  It  is  soft  and  malleahlo.  At  '^'>(}°  C,  1 0^62^  F.) 
it  boils,  and  yields  a  transparent,  colorless  vapor,  of  great  dcnfily.  The 
met«l  volaiiliies,  however,  to  a  acnsihle  extent  at  all  temperatures  above 
19^  or  m^  C  (fifP  or  (>8^  F.) ;  below  this  point  its  volalilily  is  imperceptible. 
The  Tolatllity  of  mercury  at  the  boiling  heat  is  singularly  retarded  by  the 
presence  of  minute  quuntities  of  lead  or  tine.  The  specific  gravity  of 
mercury  at  15  o'*  is  13*50';  that  of  froien  mercury  about  14,  great  contrac- 
tion taking  place  in  the  act  of  polidificalion. 

Pure  mercury  is  quite  unalterable  in  the  air  at  common  tempcrttturea, 
but  when  heated  to  near  its  boiling-point,  it  sloivly  abtiorbs  oxygen,  And 
becomes  converted  into  a  crystalline  dark-red  powder^  which  is  the  higheflt 
oi.ide.  At  a  dull  reil  heat  this  oxide  is  again  decomposed  into  its  constit- 
uent«.  Hydrochloric  atid  has  little  or  no  action  on  mercury,  and  the  same 
may  be  said  of  sulphuric  acid  in  a  diluted  !«tate:  when  the  lat lei' is  con* 
oenrrnted  and  boiling-hot,  ii  oxidiics  the  metal,  converting  it  into  mercuric 
iulphnte,  with  evolution  of  sulphurous  OKide.  Nitric  acid,  even  dilute  and 
in  thecoM,  dissolves  mercury  freelj-,  with  evolution  of  nitrogen  dioxide. 

The  observed  vapor-density  of  mercury  referred  to  air  as  unity  is  0*7  ;♦ 
i\i\n  referred  to  hydrogen  is  nearly  lO0;f  that  is  to  6»ay,  imlf  the  atomic 
weight  of  the  metal:  con&er|nenily  the  atom  of  mercury,  like  that  of  cad- 
mium, occupies  in  the  gaseous  state  twice  the  volume  of  an  atom  of  hydro- 
gen (see  page  22*,)), 

Mercury  forms  two  series  of  compounds  ;  namely,  the  mereurie  compound*, 
in  which  it  is  bivalent,  as  Jlg'^CIj,  Ilg^'U,  llg"ti(i^*  iSlc,  ajid  the  mcrciAtou* 

•  Binmu,  Comptm  Bmudu^  xlix,  fW,  ^  — ?i—     —     ^%^, 
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compounds,  in  which  it  is  apparently  uniTalent,  as  Hg,Cly  Hg,0,  &e.  TheM 
compounds  arc  analogous  in  constitution  to  the  cupric  and  cuprous  com- 
pounds ;  and  the  niercurous  compounds,  like  the  latter,  are  easily  conrerted 
into  mercuric  compounds  by  the  action  of  oxidizing  agents,  which  remore 
one  atom  of  mercury;  but  they  are,  on  the  whole,  much  more  stable  than 
the  cuprous  compounds. 

Mkrcubt  Chlorides.  —  Jfemiric  Chloride,  Hg^'Cl^  commonly  ealled  ear- 
rotirf  fubiimatf.  —  This  compound  may  be  obtained  by  several  different  pro- 
ccs.^es:  (t)  When  metallic  mercury  is  heated  in  chlorine  gas,  it  takes  fire 
and  burns,  producing  this  substance.  (2)  It  may  be  made  by  dissoWing 
morouric  oxide  in  hot  h^-drochloric  acid,  crystals  of  corrosive  sublimate 
thou  separating  on  cooling.  (3)  Or,  more  economically,  by  subliming  a 
mixture  of  equal  parts  of  mercuric  sulphate  and  dry  common  salt;  and 
this  is  the  plan  generally  followed.  The  decomposition  is  represented  by 
the  equation : 

St\ng    -r    2N'an    =    HgCl,    -f    SO^N^a^ 

Momuio  Sihlium  M«n-aric  fiiMUuin 

sulphAie.  rhkiriik*.  chknide.  ittlphate. 

Sublimed  mercuric  chloride  forms  a  white  transparent  crystalline  mass 
of  speeitic  gravity  o  4o :  it  melts  at  it^o®  C.  (509**  F.);  boils  at  295®  C. 
(*>t'>-'i*-^  F. ^,  and  vvdatilixes  somewhat  more  easily  than  calomel,  even  at 
oniinary  temperatures.  Its  observed  vapor-densiiy.  referred  to  hydrogen 
as  uuiiv.  is  I4i>:  and  the  den'^ity  oaloulated  from  the  formula  HgCl,.  sup- 
posing that  the  molecule  oocurios  the  <ame  space  as  a  molecule  or  two  atoms 

of  liydropou  ..p.  --*.'   is        -     ., =  loo-'i :  the  near  agreement  of  this 

number  \%ith  the  obsorro.i  result  show?  that  the  vapor  is  in  the  normal  state 
of  ooi'.lon-sut'.  m. 

Morouric  eliloride  disso'.ros  in  16  pnrts  of  eoM  and  3  parts  of  boiling 
water,  atid  oryst.'^riros  tron».  a  hu  s.!'.:!K*a  in  lonj  white  prisms.  Alcohol 
and  ether  also  dLssv^lve  it  with  facility;  the  latter  even  withdraws  it  from 
a  watery  solution. 

Mercuric  chloride  co^abines  with  a  great  number  of  other  metallic  chlor- 
ides, form; n J  a  series  y,^{  K'A'.:!".i"ul  double  saI:s.  of  which  the  ancient  tal 
u'.V-Ti'-.-  i  luay  bo  tukcn  as  a  C>  vl  cxaniyV* :  ii  contains  Hgi^U.  iNII^Ol.OHj. 
0  TTosive  >*.:b".:r:'.'i'e  aV^.^rbs  auiaor.iacal  pis  with  great  aviJitv,  generating 
thccvvivur.  I  lIi\*:,.MI^ 

>l c re : ;  r i c  c '. i '.  •  r  •.  :  o  :*  ^  rv. .  <  so v  c r:i*.  c .'  ~*  r  ■  •.:  r. !  <  w :  r  h  rt  c rc'.ir ic  oxi d e.  Th ese 
are  j* r o  : :: ce  .1  V y  sc v ^« rt '.  v  r ;  ^.-c ssc *.  * s  '•* : . ■:  r.  as  ■* ". k  a*. L:i e  ca r bv nal e  : s  add e«l 
i u  \ n -y  Tr c  V ^ ' y o ^ i  * *■  s  :  >  .\  <■:':''■  ;i  ^•  ^  =-. c re .; r i c  c li !  r : i e.  They  differ 
j:r\*.t:l\  •:;  Cv-l.^r  *i*..l  I'ysicjkl  .•h.irA..":i:r.  ar.  I  ire  mostly  decomjosed  by 
W3i:cr. 

Mercuric  cV.'.r:  le  ■^•rvr*  i:'.<'".!Mc  c  :rir."-.:r.  is  wi:>.  miny  c»f  the  aiotixed 
or^**-.:c  V'i'-N-"  ■•-"^  'i"  a".'. '.'.v  ■.-..  Ac.  I:  s  i  :r:*,A:s  *.  .■  ::.is  pr.pcrty  that  its 
s :  r ..  *  c  ^ •  ■- : :  <e y :  i ,"  V  r .  i'tr r : ; e s  i rv  I .:  ?.  A  ••.■..•■.  il  i ::  I  t  „•  pf : aI:  *. o  *-.ib r^sances  are 
prc^T^e-.i  >\\  i:  :"r^:v.  ic-:»\.  i-  *.".  Kxiv.'*  v.;":  •  L  .'f  rres-.Trir.,:  timber  and 
c  ^ri  i;^'.  A'.*" -v..::  •>  o*: :  !■  .s  accv-u:  Aa  cxjc/.cv.:  astii  :e  : ^  c-.'rrvsive  subii- 
r:a;c  ::•  Ci.*^.'S  ot'  v-.-'^.'-.'-r.^ 

V    ■.••••  ■*   '.i'.— •-'.   U^. «."*..».   y,v:v.'v..vry   ci"-."!   C:'.-"-^. — Tai*  very  im- 

j* o r :  A V, :  *•.;><:» rt ce  "Jt*  Ay  *^ c  *:  i *  ' y  at*.  :  v.  ^ '  1  -  7.; y .1  rx;-!  V y  r •-  .ir  "  z  a  5oIu::c*a 

0 :'  VI  e  rv* ■.; rv»u  s  r.  r.r  ri:  c  '.  v.",  ?  »  *  a  r  ::«.•  e  \  .'v  »  . '   i  '.  - "  «•  s:  I ;  ■.  i .  cl  . :"  c  :  =; Eon  *a!l. 

/;  r't ." >  :!  s  a   :  f :;  *c  w  \  ■. :  i*  v  rvv:  y ': '.  x'-:.   ;  -  '  <:  '  v.  s : ".  -""^ "  i  la  ■»  a:  <  r :  : :  a usi  be 

f ^ i»n»*:^ j ^r   ;» ot s ^ eil   »  ■  t *l'  b«.- :'  •  v. i    \  < ':  .\<'i  ^  v.<r .  -MlV  'iT^.-fV.    <  ij^aaftV  \i, 

A«^irt*virr.  ^u^ndlr  jrrvvoryNi  by*  aa^^t■aer  wxi  :siv;t^  <<ni.\-*a.  ^rsKna.   '^rj 
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werCiiric  Btilphnte  Is  rubbed  in  n  mortar  with  as  much  mctallio  mercurj  as 
ii  ulreHkdy  conlainsi,  and  u  quuntity  uf  eommora  sail,  until  the  gWbulcH  dis- 
appear, and  a  uniform  mixture  has  been  j>roduced.  Tiiis  is  subjected  iQ 
siibUmation^  the  vupor  of  the  calomel  being  curried  into  an  iitmo^phere  of 
stcAm,  or  into  a  chamber  containing  air;  it  is  thus  ccndt^nHcd  into  a  mi- 
ntiteJj  divided  state,  iind  I  he  luburionia  process  of  piilTcrization  of  the  sub- 
limed masit  is  avoided.     The  reaction  is  thuB  ejLpluiiicd: 


SO.Hg 

Bf^n-iiHc 


Hg     -f     2NaCl      =     nK,Cl,     -f     SO^Na, 

chluridti.  c:!blaride.  siil|iJLat4!^. 


if  Pure  calomel  i»  a  heavj,  white,  insoluble,  tasleless  powder:  it  rises  in 
Rkpor  at  a  tempLTattire  btjlow  reJneHs,  and  is  obtained  by  ordinaVy  sub* 
Btnatioti  as  a  yellowish^white  crystalline  mass*  It  ia  its  insoluble  in  cold 
pUuied  nitric  acid  as  Hilver  chloride  ;  boiling-hot  i^irung  nitric  acid  oxidises 
Mid  disflolves  it.  Calomel  h  tn.*$iaQtly  decomposed  by  an  alkali,  or  by  lixne- 
^mtcr,  with  production  of  mercurous  ^xidc.  It  is  sonietiniea  apt  to  con^ 
|kin  a  little  mercuric  chloritlo,  which  would  be  a  very  dangerous  contaiiii- 
nation  in  calomel  employed  for  medical  purposes.  Tins  is  eftf*i!y  discovered 
bj  boiling  with  water,  filtering  the  liijuid,  and  adding  cauuttc  puJuHh.  Any 
CorrosiTe  sublimate  is  indicated  by  a  yellow  precipitate. 

The  observed  vapor-density  of  calomel,  referred  to  hydrogen  as  unity, 
^^Js  119  2.  K^w  the  formula  IlgJJl,,  if  it  represents  a  molecule  occupy- 
^^Big  in  the  gaseous  state  two  Volumes  (i.  «.,  twice  the  volume  of  an  stiom 
^^m  hydrogen,  p.  2121)},  would  give  a  dutisity  nearly  double  of  ihia :  for 
'      400  -f  2  X  35  5 

=  2d6*5.     Hcucc  it  might  be  iuferrod  thai  the  composition 

of  calomel  should  rather  be  represented  by  thcaimplor  formula  HgCl,  which 
would  give  for  the  vapor-density  the  number  117*75.      But  this  formula 
(the  adoption  of  which  would,  of  course,  involve   that  of  sdniilar   formula} 
for  the  other  mercurom*  salts,  r,  g.^  NOjHg  for  the  nitrate)  is  objectionable 
i  acoount  of  its  inconsistency  with  the  law  of  even  nuujbcrs,  according  to 
bleli  a  dyad  element  like  mercury  can  never  unite  with  an  uneven  num- 
ir  of  monad  atoms  (p.  232),     Moreover,  the  frequent  decomposition  of 
ereurous  salt*  into  mercuric  salts  and  f^  mercury  is  in  favor  of  the  Jiup- 
isitton  that  their  molecules  contain  two  atoms  of  mercury  ;  and  the  anom- 
in  the  vapor^volume  of  calomel  may  be  explained   by  supposing  that 
lie  vapor  of  this  compound,  liko  that  of  many  others,  undergoes  at  high 
jimperatures  the  chnnge  known  as  dissociation  {p.  %d\)^  the  two  volumes  of 
lercurous  chloride,    IlgjCl,  being  resolved  inio  two  volumes  of  mercurie 
liloride,HgClf,  and  two  volumes  of  mercury,  Hg.     This  supposition  is,  to 
some  extent,  warranted  by  the  observation  that  calomel  vapor  umal^unmteB 
gold-leaf,  and  that  corrosive  sublimate  may  be  detected  in  resubUmed  cal- 
omeL 

lontDEs,  — Mercuric  Iodide^  Ug^'Ij,  i«  formed,  wh4?n  solution  of  potussiura 
iodide  ij§  mixed  with  mercuric  chloride,  as  a  precipitate  which  is  at  first 

cllow,  but  in  a  few  moments  changes  to  a  most  brilliEint  scarlet,  this  color 

ing  retained  on  drying.     This  is  the  neutral   iodide:  it  may  bo  made, 

Although  of  rather  duller  tint,  by  triturating  ei|uivalent  tiuantitiea  of  iodine 

and  mercury  with  a  little  alcohol      In   preparing  it  by  precipitation,  it  ia 

better  to  weigh  out  the  proper  proportioni  of  the  two  salts,  iis  tlie  imlido  is 

lublc  in  an  excess  of  either,  more  cspecinilly  in  excels  of  potassium  iodide. 

crcuric  iodide  exhibits  a  very  remarkable  case  of  dimorphism,  attended 

ith  difference  of  color,  which  is  red  or  yellow,  accoTdm^  Vo  V\v<s  ^ij,\vtfe 
a¥sumed.     Thujf,  n'?ie/j  the  ioflide  is  suddenly  eiposf*d  lo  a  V\^\  Vtvi\\^^x\\- 
-"—  ji  becomes  hrigbt-^eUow  throughout,  and  jiclda  %  cova^u*  %\i\i\v\i\ia^Xi 


I 


* 
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J 


860  DYAD  MBTALS. 

of  minate  bat  briUUnt  jellow  erystaUi.  If  in  thit  tUte  it  b«  tonciied  bj  • 
hard  body,  it  instantly  becomes  red,  and  the  same  change  happens  spon- 
taneously after  a  certain  lapse  of  time.  On  the  other  hand,  by  a  toit  slow 
and  careful  heating,  a  sublimate  of  red  crystals,  haring  a  totally  different 
farm,  may  be  obtained,  which  are  permanent  The  same  kind  of  change 
happens  with  the  freshly  precipitated  iodide,  as  Mr.  Warington  has  shown, 
the  yellow  crystals  first  formed  breaking  up  in  the  course  of  a  few  seeonda 
from  the  passage  of  the  salt  to  the  red  modification.* 

Mercuric  iodide  forms  double  salts  with  the  more  basic  or  positiTe  me- 
tallic iodides,  as  those  of  the  alkali-metals  and  alkaline  earth-metals ;  thus 
it  dissoWes  in  aqueous  potassium  iodide,  and  the  hot  solution  deposits  on 
cooling,  crystals  of  potassi»>mercuric  iodide,  2(KI.HgT2).80Hr 

Mfreurous  Iodide^  ^f^T^v  ^*  formed  when  a  solution  of  potassium  iodide  is 
added  to  mercurous  nitrate :  it  then  separates  as  a  dirty  yellow,  insoluble 
precipitate,  with  a  tinge  of  green.  It  may  also  be  prepared  by  rubbing 
mercury  and  iodine  together  in  a  mortar  in  the  proportion  of  1  atom  of  the 
former  to  1  atom  of  the  latter,  the  mixture  being  moistened  from  time  to 
time  with  a  little  alcohol. 

Oxides.  —  Monoxide^  or  Mercurotu  Oxide,  HgO,  commonly  called  Sed  Oxide 
of  Mercury,  or  Rfd  Precipitate.  —  There  are  numerous  methods  by  which  this 
compound  may  be  obtained.  The  following  may  be  cited  as  the  most  im- 
portant: (1)  By  exposing  mercury  in  a  glass  flask  with  a  long  narrow  neck, 
for  seyeral  weeks,  to  a  temperature  approaching  81 5<^  C.  (599*^  F.).  The 
product  has  a  dark  red  color,  and  is  highly  crystalline;  it  is  the  reapree^- 
tate  of  the  old  writers.  (2)  By  cautiously  heating  any  of  the  mercuric  or 
mercurous  nitrates  to  complete  decomposition,  whereby  the  acid  is  decom- 
posed and  expelled,  oxidizing  the  metal  to  a  maximum,  if  it  happen  to  be 
in  the  state  of  mercurous  salt.  The  product  thus  obtained  is  also  crystal- 
line and  very  dense,  but  has  a  much  paler  color  than  the  preceding ;  while 
hot,  it  is  nearly  black.  It  is  by  this  method  that  the  oxide  is  generally  pre- 
pared: it  is  apt  to  contain  undecomposed  nitrate,  which  may  be  discovered 
by  strongly  heating  a  portion  in  a  test-tube :  if  red  fumes  are  produced, 
or  the  odor  of  nitrous  acid  exhaled,  the  oxide  has  been  insufficiently  heated 
in  the  process  of  manufacture,  m^)  By  adding  caustic  potash  in  excess  to 
a  solution  of  corrosive  sublimate,  by  which  a  bright  yellow  precipitate  of 
mercuric  oxide  is  thrown  down,  which  differs  from  the  foregoing  prepara- 
tions merely  in  being  destitute  of  crystalline  texture  and  much  more  mi- 
nutely divided.     It  must  be  well  washed  and  dried. 

Mercuric  oxide  is  slightly  soluble  in  water,  communicating  to  the  latter 
an  alkaline  reaction  and  metallic  taste:  it  is  highly  poisonous.  When 
strongly  heated,  it  is  decomposed,  as  before  observed,  into  metallic  mercury 
and  oxygen  gas. 

AfereuroM  Oxide,  Hg,0 ;  Suboxide,  or  Gray  Oxide  of  Mercury.  — This  oxide  is 
easily  prepared  by  adding  caustic  potash  to  mercurous  nitrate,  or  by  di- 
gesting calomel  in  solution  of  caustic  alkali.  It  is  a  dark  gray,  nearly 
black,  heavy  powder,  insoluble  in  water,  slowly  decomposed  by  the  action 
of  light  into  metallic  mercury  and  red  oxide.  The  preparations  known  in 
pharmacy  by  the  names  blue  pill,  gray  ointment,  mercury  trith  chalk,  &c.,  often 
supposed  to  owe  their  efficacy  to  this  substance,  merely  contain  the  fiuely 
divi<lcd  metal. 

Mkrcurt  Nitrates. — Nitric  acid  varies  in  its  action  upon  mercury, 
according  to  the  temperature.  When  cold  and  somewhat  diluted,  it  forms 
onljr  mercurous  salts,  and  these  are  neutral  or  basic  —  i.  «.,  oxynitrates 

•  Memoirs  of  thtt  Chenteal  Soctot^  tf  'UnoAou.V.^b, 
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(p.  28S)  —  AJi  the  acid  or  the  mHnl  hnppens  to  be  iu  excefls.  When,  on  the 
eoDirary,  the  aitrio  acict  is  cuneeiitrnted  Hirid  hot,  (he  in*?r«ury  la  ratsed  to 
its  highest  fltftte  of  oxiiJadoUf  »nd  a  aiercunc  Hull  ih  produced.  Both  classes 
of  aalts  are  apt  t(>  bt;  deeoDiipo^^ed  by  a  hirj^i*  quantity  gf  wuter,  giving  rise 
Iti  iniolohlc,  or  sparingly  suluble  bu-iic  t'oiiipotmdi*. 

Mrrcune  yUraftui.  —  Uy  dUaolving  mercuric  oiide  in  excess  of  niiricacid, 
snd  evaporating  gently,  a  syrupy  liquid  is  obtained,  wliiuh,  eoclosed  in  a 
bell-jar  over  lime  or  sulphuric  aeid,  depo^ilB  bulky  oryiitalM  and  crystalline 
cruJitii,  both  having  the  composition  ^^NOaJ^llg'^UH^.  The  smne  siibsilaiH^o 
deposited  from  the  syrupy  lk|iiid  as  a  crystalline  powder  hy  dropping  it 
into  concentrated  nitric  acid.  The  syrupy  liquid  iiself  iippcarH  to  be  a  de- 
finite compoimd  cotiLaining  (N0})jUg'^^.01l^.  By  saturatin;^  hot  dilute  nitric 
«cid  with  mercuric  oxide,  a  »aU  is  obtain ed  on  eooliug,  which  cryatalU^es 
les,  permanent  in  the  air»  conlftining  (NOj).,ng''^  .  llg'^O-Ollj.  The 
Jing  cryuiallUed  salts  are  decomposed  by  wat**r,  w  itk  production  of 
unda  more  and  more  basic  aci  the  washing  in  prolonged  or  the  tenipo- 
aCure  of  the  water  raised* 
Mercurotu  ydrate^  {S0^),jKg^2QJl^,  forma  large  colorless  crystals  soluble 
in  a  small  quantity  of  water  without  decomposition  ;  it  is  made  by  dissolving 
mercury  in  an  excess  ©f  cold  dilute  nitric  ncid. 

When  excess  of  mercury  ha»  been  employed,  a  finely  crystallitod  basie 

lalt  IB  deposited  ut\or  some    time,  containing    2(Ntt'g}^l]gj. llg^t)'.3t)]|j,   or 

N./l(.3ng/>JiOHj;   tbiii  IS  alao  decomposed  by  waler.     The  two  t^allB  are 

aatly  distinguished  when  rubbed  in  a  uiortar  with  a  little  sodium  chloride ; 

the  neutral  compound  gives  sodtutn  nitrate  and  calomel ;  the  basic  salt, 

dtum  nitrate  and  a  black  compound  of  calomel  wiib  tuereurous  oxide.    A 

black  i^ubiitance,  called  Hahnemann's  toluhh  mercury ^  is  produced  when  am* 

jitonia  in  small  quantity  is  dropped  into  a  solutiun  of  mercurous  niirnte: 

Fit   contains  N/Vnig/r.itNHa,  or,   according  to   Kune*    NaO^.SHg/KiNHg; 

the  composition  of  this  preparation  evidently  varies  according  to  the  tern* 

pcrature  and  the  concentration  of  the  sobitiona. 

MSKCuaT  SvLi*HATES.  ^— .!f(frciinc  Suiphate,  SO^lIg''',  is  readily  prepared 
by  boiling  together  uil  of  vitriol  and  metallic  mercury  until  the  latter  is 
wholly  converted  into  a  heavy  white  crv^lalline  powder,  which  is  the  salt 
fin  question;  the  excess  of  acid  is  then  removed  by  evaporation  carried  to 
cri'ect  drynes"*.  Equal  weights  of  acid  anti  metal  may  be  conveniently  em- 
ployed. Water  decomposes  the  sulphate,  dissolving  out  an  acid  salt,  and 
leaving  an  insoluble,  yellow,  basic  compound,  formerly  called  turjatfi  or  tur- 
Vhftft  min<raf\  containing,  according  to  Kane's  analysis,  SO^tig^/JlIg^'O,  or 
^  |.ung''0.  Long-continued  washing  with  hot  water  entirely  removes  Ibe 
iaiiikng  acid,  and  teavtts  pure  mercuric  oxide, 

WtrcHrouM  Sutphatf,  SO^IIg,,  falls  as  a  white  crystalline  powder  when  sul- 
pbunc  acid  is  added  to  a  solution  of  mercurous  nitrate;  it  is  but  sligblly 
soluble  in  water. 

Mercury  Sulphii>E9.  —  Mrrcurk  Sulphidtt  HgS,  occurs  native  as  cinnabar^ 
a  dull  red  mineral,  which  is  the  most  important  ore  of  mercury.    Hydrogen 
ktulpliide  passed  in  smalt  quantity  into  a  solution  of  tnercuric  nitrate,  or 
I ohturide,  forms  a  white  precipitate,  which  in  a  coinpounnl  of  mercuric  sul* 
(phide  with  the  salt  itself.     An  excess  of  Ihe  gas  converts  the  whole  into 
Igulphide,  the  color  at  the  same  lime  changing  to  black.     When  this  black 
mlphide  ia  sublimed,  it  becomes  durk-red  and  crys*tn!line,  but  undergoes 
^o  change  of  composition:  it  is  then  cinnabar  or  vfrmilhm,     Merctiric  sul- 
phide is  most  easily  prepared  by  aubliniing  an  intimate  mixtxiift  ^t  V»  -^^tV^ 
»f  mercury  and  I  pnrt  of  sii/phur,  and  reducing  ibc  rennXVintj,  e\tvTkTSbt»«tT  V«> 
fitrj^  £ae  povrder,  tbe  beauty  of  the  tint  dependiii|^  lUueVk  ^^iv  vVi^  i6%.\.«oV 
SI 
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to  which  division  Is  curried.     Th«  red  or  crysUUine  sulphide  m»j  al5o  1 
formed  dirc«tly^  without  sublimatioDf  hy  heating  ihe  hUck  precipitate 
HubMance  ia  a  solution  of  potaBsiuiu  peuiiiiiulphide ;  the  mercuric  Kulphid 
U,  in  fact,  tioluble,  to  a  certain  extent,  in  the  alkaline  sulphides^  mod  for 
with  theui  cryMfullirable  compounds. 

When  vermilion  i«  houtcd  in  the  nir,  it  yields  metallic  mercury  and  su 
j>huryus  oxide:  it  re^ii^tt^  the  uction  both  of  caustic  alkali  in  solution^  nn 
of  strong  mineral  acid^,  even  nitric,  and  ia  attacked  only  by  nitromuriatj 
acid. 

Mrrntrmis  autphide,  Hg^t  is  obtained  by  passing  hydrogen  sulphide  inQ 
a  fiolotion  of  mercurouH  nitrate,  as  a  black  precipitate^  which  is  resoWti 
al  a  geutlo  heat  into  mercuric  sulphide  and  met&lUc  mercury. 

Amwoniaoai.  MiRctTtr  Compocj3id«.     MKuccrRAMMOViuM  Salts.  —  By  1 

action  of  ammonia  and  its  MtiliH  on  mercury  compounds,  a  variety  of  sub 
stances  are  formed  which  may  he  repurded  as  salts  of  mercur&mnioniuii 
—  (hat  15*,  of  ammonium-molecules  in  which  the  hydrogen  is  more  or  le 
replaced  by  mercury*  in  the  proportion  of  100  or  ^(X)  parts  of  mercury  I 
1  part  of  hydrogen,  according  as  the  compound  is  formed  from  a  mercuro 
or  a  mercuric  eialt.  The  following  arc  the  most  importmnt  of  these  com* 
pounds; — 

Mrrruric  Compounds.  — 3ffreuro-di4tmmonmm  ehtoridft  (NjlT,Hg'')Clj,  known 
iu  pharmacy  ti^fuxiLlf.  w/ut^ precipitate,  ia  produced  by  adding  potash  to  a 
lohitiofi  of  ammonio-mercuric  chloride,  (2Nlf^CLHj?<-'l,),  or  by  dropping 
Hciliittnu  of  mercurie  chloride  into  a  boiling  solution  of  sal-ammontac  cofl 
taiuiijg  free  ammonia,  n,Hi  long  as  ihe   resulting  precipitate  rcdissolves: 
then  separates  on  cooling  in  regular  dodecahedrons.     At  a  gentle  heat 
gives  off  ammonia,  leaving  a  chloride  of  dimercur-ammonium  and  hvdrogc 
(NH,Ug'^)Cl.HCl: 

N,H,Hg''a,    ^    NHjEg'^a,    +    NU^ 

Mrrmrammomnm  chloride^  (NH^Hg'''')Cl.  —  This  salt,  known  in  pharmft 
as  infimtiU  irhitf  precipitate,  ii^  formed  by  adding  ammonia  to  a  solution 
mercuric   chloride.     Wb«n   first  produced,  it   is   bulky  and  white,  but 
contact  with  hot  watcr»  or  by  nnich  wawbing  with  cold  water,  it  is  converlfl 
into  hydrutcd  dirnerciirammoninm  chloride,  NHg^^Cl.OH,. 

Trimfrenroihfimmonium  nitnitr,  (NjlljHg''^)(NOj)-.  2011,,  is  formed  as 
white  precipitate,  on  mixing  a  dilute  and  very  acid  solution  of  merourll 
nitrate  with  very  dilute  nmmonia. 

Trimereuro-diaitiinf,  N^Hg''',,  a  compound  derived  from  a  double  molecull 
of  ammonia,  N^Tl^,  by  sllb^^(ilution  of  8  atoms  of  bivalent   mercury  for  i_ 
atoiu»  of  hydrogen,  is  formed  by  passing  dry  ammonia  gas  over  dry  pre- 
cipitated mercuric  oxide: 

SHg'^O     -f     2NHg    =s     HjHg^',    +     80H,. 

The  excess  of  oxide  being  removed  by  nitric  acid,  the  trimercuro-iiiamin 
is  obtained  as  a  dark-brown  powder,  which  expknles  by  heal,  fricttoQ 
percusBion,  or  contact  with  oil  of  vitriol,  almost  as  violently  as  nitroge 
chloride. 

Dimtratrammonium  fhhride,  ^l\g:^\C\.OU^  Is  obtained,   as  already  olj 
Borveil,  by  boiling  mercurodiiimmonitim   chloride  (infusible  white  preelp^ 
late)    with    vvnter.     It   is  a  hcjivy*  graiiularv  yellow  powder,  which  tur 
white  again  wliirri  treat etl  with  gal-ammoniac. 

Dtmrrcuntmtmmiutn  iodidt',  NHg^',1 .  1>II^  —This  Compound  may  be  form^ 
hy  Uigetiting  the  correMpouiling  cbUiTide  vn  a  «oUition  of  potiigsium  todidel 
or  bj  heuiiDg  jiif  rctiric  iodide  witb  exccaa  ot  a<^\ifcM\i&  waT».tt\\vi4.'.  1 
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2HgI,  -f  4NHs  +  OH,  =  NITg'y.OH,  -|-  3NHJ; 

hj  pMBing  ammoBitt  gas  over  mercuric  oij-iodide : 

Hg'^IA     -f     2NJI,     ^     2(NHg-,!.0fI,)     +     OH,; 

bd,  InsLly,  bj  adding  nmmoai&  to  ft  solutigti  of  potassio^ mercuric  i<^ide 
ikiied  wilh  c&uatic  potikah: 

2(2ia.  Hgl,)  ^  NHj  +  3KH0  =  NHg^y .  OH,  +  7KI  -j-  20H,. 

ills  last  reaction  affords  an  extrctuElj  dL4icate  lest  for  ammonia,  A  solu- 
ion  of  potftaisio'inerciiric  iodid«  Is  prejiare<l  by  adding  polaasium  iodide  to 
solution  of  corrosive  aublirnflte,  till  a  portion  only  of  the  resulting  red 
|»recipiiBte  is  redissolved,  tben  filtering,  nuti  mixing  the  liltrute  with  caustic 
otaeh.  The  liquid  thu«  obtained  fornjs,  ivitb  a.  wry  small  quunlily  of 
nimonia*  either  free  or  in  the  form  of  an  ammontnoil  snlt,  »  brown  pre- 
lipitate  soluble  in  exccaa  of  pota^Mium  iodide,  Tbi^  in  calkd  Ncsdler'a  test 
br  ammonia.^ 
Dimereurammonium  hydrate,  Nllg"  ,110,  —  This  compound  ii  formed  hj 
ating  precipitated  racronric  osidc  wilh  aqueous  ammonia,  or  by  treating 
Ither  of  thc>  dimercyrammoiiium  Minll.H  with  a  oauatic  alkali.  It  is  a  brown 
owder,  whicti  disisolves  in  acids,  yielding  suits  of  dimercuriimmoniutti. 
Difnercurummomum  tidphiiU\  (Nl!g"^)jS4_J^ . -tJUj.  formerly  called  ummoni- 
\eal  turpfthum^  in  prepared  by  dissolving  n^ercuric  ^nlphiiEe  in  nmmnntA, 
nd  precipiluHnp;  the  solution  with  water,  it  ia  a  heavy  white  powder, 
ryellowiah  when  dry,  resolved  by  heat  into  water,  nitrogen^  ammonia,  and 
mercurous  sulphate. 

Mereurow  Compounda.  —  Mercnrotftmrnonium  eht&ridr^  NHjHg^Cl,  is  the 
black  prectpiiaie  formeil  when  dry  crilomel  iiD  expo^eil  to  tht;  netion  of  am- 
monia gas.  When  eX|JOHcd  to  the  tiir,  it  gives  off  jimnionin  and  leaves  white 
mercuroiis  chloride.  —  Dirufn^uronummfimuni  chhtndr,  NlL^.llg'jCl,  is  formed,, 
together  with  Kal-ammoniac,  by  digesting  calomel  in  aqueouB  ammoma: 

ngJC\     +     2Nna    =     NHjHgjCl     -f     NII^CL 

LIS  gray  when  dry,  and  is  not  altered  by  boiling  wjitor, —  Dtmermroimn- 
mn  nitrate,  ^(NlljHg^JNOj  t^llj.      This,  according  to  Kane,  is  the  com- 

osition  of  the  velvet-hhick  precipitate  known  as  Hahnemann's  Bolublc 
nercury.  which  is  produce*!  on  uddiiig  ammonia  to  a  tfolution  of  mercurous 
nitrate.     According  to  V,.  G.  Mitsuherlich,  on  the  other  hand,  the  precipii- 

ute  thus  formed  ha>4  the  compojjition  2NHj.N^Og.31lg./).  which  ia  thai  of 

^  by d rated  (rimercurotammomum  nUntU,  2(N'llUgj)N0j.  20H,, 


;         lei 
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Rfaetionx  of  Afercury  Snlta.  —  All  mercury  compounds  are  volatiliEed  of 
decompose*!  by  a  temperature  of  igniiion:  those  which  fail  to  yield  the 
melul  by  simple  heating  may  in  all  cases  be  made  to  do  so  by  healing  in  a 
(e»t-tube  with  a  little  dry  sodium  carbonate.  The  metal  is  precipitated 
|from  its  soluble  cotnbiniitions  by  a  plate  of  copper,  and  also  by  a  tfolution 
pf  *tannom  rhionde  used  in  excess. 

Hi^dro^m  $utphide,  and  ammonium  tulphide,  prwluce  in  Folutions,  both  of 
mercuric  and  of  mercurous  salts,  black  precipitates  inhoUihle  in  umiuiiiiiunni 

Inulpbide.      In  mercuric  saltg,  however,  if  the  quantity  of  the  rengcnt  ndrled 
la  not  ffufficient  for  complete  decomposition,  a  ivhite  i>reelpiiate  is  formed^ 
ionsisting  of  a  compound  of  tiiereurie  sulphide  with  the  original  salt,  and 
f^rieii  colored  yellow  or  brown  by  excess)  of  raercuTic  suV^Vxd^.     Ku  ^vc^^^a 
■i 


*  Ckeadad  QoMtte,  1856^  pp.  4i&,  463* 
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of  hydrogen  salphide,  or  ammonium  sulphide,  instantly  turns  the  precipi- 
tate black.     This  reaction  is  quite  characteristic  of  mercuric  salts. 

Mercuric  taUa  are  further  distinguished  by  forming  a  yellow  precipitate 
with  caustic  pottuh  or  toda ;  white  with  ammtmia  or  ammonium  carbonate,  in- 
soluble in  excess:  red-brown  with  poiauium  or  eodium  carbonate.  With 
potaenum  iodide  they  yield  a  bright  scarlet  precipitate,  soluble  in  excess, 
either  of  the  mercuric  salt  or  of  the  alkaline  iodide. 

Mercuroui  tatts  are  especially  characterised  by  forming  with  hydrochloric 
add  or  toluble  ehloridee^  a  white  precipitate  which  is  turned  black  by  am- 
monia. They  also  yield  black  precipitates  with  cauetie  alkaliee,  white  with 
alkaline  earbonatet,  soon  turning  black ;  greenish-yellow  with  potaeman  iodide. 


Alloys  of  mercury  with  other  metals  are  termed  amalgame:  meronrr  dis- 
soWes  in  this  manner  many  of  the  metals,  as  gold,  silver,  tin,  lead,  &c. 
These  combinations  sometimes  take  place  with  considerable  riolence,  as  in 
the  case  of  potassium,  in  which  light  and  heat  are  produced ;  besides  this, 
many  of  the  amalgams  orystallixe  after  a  while,  becoming  solid.  The 
amalgam  of  tin  used  in  silrering  looking-glasses,  and  that  of  siWer  and  of 
copper,  sometimes  employed  for  stopping  hollow  teeth,  are  examples. 
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THAiLnm. 

Atomic  weight,  204.     Symbol,  TL 

THIS  element  was  diseoTered  bj  Crookcit,  in  IStil,  In  the  telenif«rou9 
lieposit  of  a  lettd-cbambt^r  of  a  ttulphuHc  acid  factory  in  lliu  Harts 
mount  111  118.  wUtTi*  iron  pyrites  is  itHtMl  |"nr  *he  iimniifftcture  of  fiiilpliiirio 
ACid«  The  mime  is  derived  from  0,iXki-.  *' green,"  becoiise  its  exist^^nee  vraa 
first  Tecogtttit-ii  by  nn  intenso  grot^n  line,  appeftrinjic  in  ih«  epeeirum  of  a 
flame  in  which  (hiiUiiim  i's  Tolalillxed.  It  w>i»  at  first  HUHpectod  to  bis  a 
metalloid,  but  fori  her  f^xauiinAtion  proved  it  to  be  a  true  uietal.  It  was 
firitt  obtained  in  a  distinet  metallic  form  by  Cruoken  towurd^i  the  end  of  tbe 
jear  I8*il,  and  soon  aflerwiirds  by  Laniyt  who  prepared  it  tVniu  the  deposit 
Iti  the  Icad-tihauilier  of  M.  Kiihlmann^  of  Lille,  where  Belgian  pyrttei)  is 
employed  for  the  niatiufncture  of  sulphuric  acid. 

ThaKiuiii  appears  to  be  very  widely  dilfui*ed  nn  a  constituent  of  iron  and 
•copper  pyritoa,  thougli  it  never  constitutes  more  than  the  KMKllh  part  of 
the  bulk  of  the  ores.  It  has  aUo  been  founri  in  tepidolite  from  Moravia, 
In  mica  from  Zinnwald  in  Bohemia,,  and  in  the  niother-liquor»  uf  the  nail 
vorki*  at  Nanheitn. 

Thairumi  ia  most  eeonomically  prepared  from  the  Utie-dupt  of  pyrites 
burners.  This  substance  is  stirreii  itp  in  wooden  *ub8  with  boiling  water, 
and  the  clear  liquor  Miphoned  off  from  I  lie  deposit  iri  mixed  with  excess  of 
«trong  hydrochloric  acid^  which  precipiiHtet*  impure  rhnlliiim  niouochloride. 
To  obtain  a  pure  salt^  this  erude  ehlnride  lift  riilded  by  inninlll  portiona  at  a 
time  In  half  ite  weight  of  hot  oil  of  vitriol  in  a  porcelain  or  platinum  di!»h, 
the  mij(ture  bein^  cou.itantly  sitirred,  and  the  lieat  continued  till  the  whole 
Of  the  hydrochloric  acid  and  the  greater  portion  of  <hc  excess  of  Biilphuric 
acid  are  tlrivcn  off.  The  fused  acid  Hulphate  is*  now  to  be  di»»oHeil  in  an 
excess  of  water,  and  an  abundant  stream  of  bydro^*'n  i«ulpliide  pa^n^ed 
through  the  solution.  The  precipitate,  which  may  contain  arsenic,  anti- 
mony, bi?tmuili,  lead,  mercury,  and  stiver.  i«  wepiiraied  by  filtration,  and 
the  filtrate  ig  boiled  tili  all  free  hydrogen  sulphifle  is  removed.  The  liquid 
la  now  to  be  rendered  alkalitio  with  ammonia,  and  boiled;  the  prcfupitaie 
of  iron  oiidc  and  alumina,  which  generally  appenrn  in  thi^  place,  is  filtered 
off:  and  the  clear  solution  evaporated  to  a  small  bulk.  Thallium  sulphate 
then  separates  on  uooliug.  in  hmg,  clear  prismatic  crysliil?*. 

Metallic  (halltum  may  be  reduced  from  the  solution  of  the  Hulphate,  either 
by  eluctroly«is,  or  by  the  action  of  litio. 

Thallium  is  a  heavy  luetal,  reMcmbling  lead  in  its  physical  properties. 
When  freshly  cut,  it  exhibits  a  brilliant  metallic  bistre  and  prayiHli  color, 
Bomewiiat  between  those  of  silver  and  !cud,  aSHuming  a  flight  yellowish 
tint  by  friction  with  harder  tiodien.     It  isi  very  soft,  being  readily  cut  with 

knife,  and  making  a  streak  on  paper  like  plumbago.     It  ia  yery  "nv^mcttt^VtV^^ 
3a  not  easily  drai**ji  into  wire^  but  may  be  ri;adV\y  B\^ue«%ia^  VwVti  v\\bX  l^itTO. 
^1  *  %<I^ 
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■»y    -.111  7r-»o*s*  rtfoaaicaily  ■.•al!"j«l  -^luining.''     It  has  a  highly  crystalline 
nr'ic'.UM.  ui<i  rr»i-5i--s  ike  ria  when  beni.     It  melcs  at  2^®. 

Tx  .'••aiac'.  v-i.i  je  Air.  :aalliiim  CArnuhes  more  rapidly  than  lead, 
9«^*iiniii^  r>>ai.iM  v-.ia  a  :ain  Lkver  af  oxide,  which  preserres  the  rest  of 

"V  n«»^  r*i;Ancter*9t:c  pnipertj  of  thalliom  ia  the  intense  green  color 
w!i  .•!  u«<  iit*i:ki  ir  kav-  jc  .ta  Mm poandtf  impart  to  a  colorless  flame:  and 
Ui>  "\"C.   «'U«a  1&MWW1  '3v  'Jie  4peccr«jiKup«.  h§  Men  to  be  absolutely  mono- 

•f^.itir^iu.   '.i!vv^%r'atc  tfr  iae  :nrt«atf«iy  bniliaac  and  sharp  green  line. 

"'T;*^'i:aiu  a?««iiv->>  u  iv'ir<M;iiiur-.c.  ^piiuric.  and  nitric  acids,  the  latter 
h::m.^  ii;.  i   ■»-*-:■   •uvrsH'.ictuly.  witn  oupiuutf  evolution  of  red  vapors. 

•••'».:  'ua  '1-119.  ■•■I  v.ae««*  •»(  compounds  —  namely,  the  tkaHiotu  com- 
'■■.'..J.  -.1  »  :  .  ■•  '.  >  i:i.v-».».'aL ;  -uid  'oe  rkuiltc  T-imp^iuyurj,  in  which  it  is 
:••  .T.  ■'.<.  "^i>  .  I  i-n>  ■••*  jx:>ies^  TV)  anti  T\*.*f  with  corresponding 
....  I-.., v^  •i-.ia.'H-«»  ixiiiit"^  ia>i  )syx*?n-<«alts.  la  some  of  its  chemical 
-v-i^:' a>  L  x«««B'.Utf>  tie  k^jbbi^nei^&isw  forming  a  readily  soluble  and  hi|^y 
^i^fi'iu  n\'a«\.u««.  h  M.-tiLinf  in*L  kikAiintf  carbonate,  an  insoluble  platino- 
•iivt-.v.  h  '.•jhk::<-aimuinic  Hui*uaci*.  «uuilar  la  form  and  composition  to 
•■iit»:i«.  12  *«/i«:kfr«i>^uui.  kwi  M*vi*r?u  puospiiaces  exactly  analogous  in  compo- 
«&•:••<  i>  :t\'  mi<«^aaif<^  >i  ««Miium.  In  most  nKpects^  howerer.  it  is  more 
K<M>-  M  -.v*4  u  iiv  Lvit'-v  Btftais^  ^>p«viaily  to  lemL  which  it  resembles 
,.M«.\    ■•    »»*v«iw^uK«.  itfUMty.   jitfiting  pouu.  specilii:  heat,  and  electric 

**•*'.    .1  ^     Ml...  a. ■•«:>.  —  "hiulium  fi»m»  tour  chlorides,  represented  by 
*      .■■  .   ••    *■'        '\   \,  — .   \.  fcjii  r'»'',.   'ae  i^'trt.Qii  la-i  tliipJ  of  which 
••».      '^    -.<■•»•»*••   «c    ■   ■I,".  u.:'.>    1 1     :it.'  iiiiui.'Ciiii!r'iie  m-i  Tich'.r:  Je. 

■•v    t«  .....  ■■.».'  ■  -  *..     (t.-iit,  V'*'\    !f  ■••me«i  ■'»v   :r»»ot  ombina- 

Mi.      .     'f^..^    •..  •!  -.^  «  •., -i    u:%*fii    II  .'ali-rne  ris .    jr  is  a  wi::te  curdy 

*-•"     ■■   •  ■!.     •'H.'f.*-    :-^   'i.-k-r     -I. itf.     »y    T-sktiniT  '-le    ^oI'iti-.T*  of  any 

.-  ^-.-    »    .i   .  ^  ■■     ir-K*       'Vifn  loili"!  v-r J  -rarer  it  diisolves 

*«..   ».•'.   «<  i.'.».-i. .  «*     :i   «  i.u-    :ry>ia-s    jq    .''M/.injr      It  forms 

•  >?..   ^   •      •     '..,        :.„      .    ^-i    .1    L...I     L'tmLiiIi.T'iie  .it   p  :i::iiuni       The 

•  -  ■■         '■■'  ■      '*'     ,    '*i'.».-i.-. '^    U'  k  ■»»!«•  _?»•.. iijif  vt^r^  "iztirly  soluble 
*.*•*•        •     ■*  ■•  .■■         '1   ■-..■.  .'^    ■  '...!.«.    .i.  i-iiv  -..    jalliijus  .■ir-T'.'i^. 

-I     -.  .   "  '  '^    >  'Lu:iin?fi   ly   i-.s«*4  iTiax  the  tri- 

"   '*  ,-.  -v-.     ,.u    »^.  ,.    ■•   •»    *».i.:!i£  i:'«. u   asiiliiim.  jr  •)a«f '.•:' r.h<  lower 

'  ■   •     '  >*    •         >    .. -^•.     V  • '^fr    .     ■ti...i-uv   kL  k  iHut.e  i'fit.     I:  i:*  ««:-lubiein 

'  *    ■  V.  »•»»-•.•.  :*  •.>,•«..■%.»  It     u    h    :«<.iiiLiu   :n   iiv'irate-i  crystals; 

•'     *     •«'*  1  ■.  ^^  t,   »  !,-«.j    vi«iin.'p-»iur*.      It  :orms  cry^callinc 

.    ^  "    \     '"«  '.    «»   ■n--."iui.-r'i   '"^y    i;:*si  iT-Dg  tbal- 

"      ■                  .-     .  .  .      .  :,^..-.:iiic    ic'.i.  wx't    ^'j.imro*  -a  t.*»H»l:ng 

■  ». '.      .    ..^-».  -.^  i:     ,1,  .i....>    kiUiii' u.a.  '•••i;i^a.   or  ev^jn   by 

*.  ••  .-. •  v  lu^'vm:'*    mu    ^:>^>iiux:iie   anl   mono- 

'"  *"  ■  .    —  »"''?«  *.-Mivii    >y   ."•*r^i"ii!ly  iieoring  ihal- 

*      ■'  ■.    ■»     ■*.->:iH.   .1    .••li- r-U'.*       1*   :*  A  J.■dIe-y^•I- 
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irliioii«  M  the  mass  cools*  rctnainn  scarlet  for  sorafi  time  aft<*r  BoUdi float  ion, 
\en  changes  to  bright-yellow.  The  drie*!  precipitate,  when  spread  on 
iiper  with  a  little  gimj-waier,  undergucs  a  flifuHar  but  opposil©  change  to 
bat  experienced  by  mercuric  iodide  when  heated,  the  yellow  surface  when 
kthl  o%^er  a  flame  suddenly  beconunj?  scarlet »  aud  frequency  remaining  bo 
,fter  cooling  for  several  day»;  hard  friction  with  a  glass  roflt  however, 
hanges  the  acarlct  color  back  to  yetlow»  It  is  very  »lightiy  sohibl©  in 
rater,  requiring,  accoriling  to  Crookes,  4453  parts  of  wator  at  li'2^^  and 

>4  parts  at  1(M)^,  to  diesolTe  it. 

Thallic  iodidf^  TlCl^j  ia  formed  by  the  action  of  thallium  on  iodine  dia* 
olvcd  in  ether^  as  a  brown  solution  which  gradually  deposiia  diumbio 
risma.  It  forms  cryatalliiie  eompouods  with  the  iodides  of  the  alkali- 
aelAla, 

Thalliitm  Oxides.  —  Thallium  forms  a  monoxide  and  a  trloiide. 
The  mrmQzidf^  or  ThaUhjis  oztdr,  Tl/),  constitutes  the  chief  part  of  the 
erusi  which  forms  od  the  surface  of  the  metal  when  exposed  to  the  air.  It 
aay  be  prepared  by  allowing  granulated  ttialliuni  to  oxidize  in  warm  moist 
Mr,  and  then  boiling  with  water.  Tho  filtered  Bolullon  tir^it  deposils  white 
needles  of  ihalHuni  carbouale,  aud,  on  further  coolings  yellow  needlea  of 
he  hydrate,  TIHO  or  T1J3.  H/).  which,  when  left  over  oil  of  vitriol  hi  a 
acuum«  yields  the  anhyarous  monoxide  aa  a  reddish -black  mass  retaining 
.bt*  nhape  of  the  crystals.  It  is  partially  reiiuced  to  metal  by  hydrogen  at 
a  red  heat.  Wlien  fu»ed  with  Huljduir  it  yields  thallious  ttulphide.  It  dis- 
solve* readily  in  water,  forming  a  ctdorless  strongly  alkaline  fiolotion,  which 
I  redacts  with  metallic  salta  very  much  like  caimtic  potash.  This  utolutiun 
treated  witli  linc,  or  subjected  to  electrolysis,  yields  meinllie  rhalliuiu. 
^  The  (rioridr,  or  Thufitc  uzidi\  ia  the  chief  product  obtained  by  burning 
tftalliiim  in  oxygen  gas*  It  ia  best  prepared  by  adding  potash  «o  the  solu- 
tion of  a  thallic  salt»  and  drying  the  precipitate  at  ^tiO**  C*  (51)0°  F.).  It 
Is  also  formed  by  electrolysis  of  tlmllious  sulphate.  It  is  a  dark-reil  pow- 
kder  reduced  to  thallious  oxide  at  a  retl  heat;  neutral,  insoluble  in  watei* 
mm 


■mnd   in   alkalies.     Thallic   hydrate,   TF^ilO^,  is  obtained   by  drying    the 
l#boTe-men  lion  I'll  precipitate  at  UHJ". 


OxTGiJf  Sai-T9. — Both  the  oxides  of  thallium  disaolTc  readily  in  acids, 
forming  crystalline  saIis,  soluble  in  water;   there  are  also  a  few  insoluble 
^HihaUium  salts  formed  by  double  decom]iosition. 

^^B  Thailious  Carhonate.,  CO^Tl^  is  deposited  in  crystals,  apparently  trimctric, 
^^brhea  a  solution  of  tlmllious  oxide  in  expo.ned  to  tbe  atr.  It  Is  soluble  in 
^^brater,  and  the  solution  1ms  a  sligiitly  caustic  taste  and  alkaline  read  ion. 
^^M  Sulfihit(f4.  —  Thallions  sulphate,  KO^Tlj^  ohtatned  liy  evaporatin;?  tlio 
^^■chluridc  or  nitrate  with  sulphuric  ueid,  or  by  heating  nHHallic  lliatiiuin 
^™^wilh  that  acid,  crystallijies  in  anhydrous  rhombic  prisms,  isonjurplious  with 
potassium  sulphate.  It  format,  with  nluuiiuium  sulphate,  the  salt  iSit^), 
AP^'Tl.  llitUlj,  i8omor|dious  with  comtnon  ahiin ;  am!  with  tlie  sulfilintcs 
I  of  magnesium,  nickel,  i*^c.,  double  salts  ciititaining  I)  molecules  of  water, 
and  isomorphous  with  magnewiurn  and  potassium  sulphate,  tStc.  (p.  3411). — 
T/ifiUie  utilphatf^  (SO^I'jTlj^'''. "tjllj,  separates  by  evaporation  from  a  sulutinfi 
of  thallic  oxbio  in  dilute  sulphuric  acid,  in  thta  colorless  Lumirm\  which  aro 
Goropoeed  by  water,  even  in  the  oold,  with  separation  of  browu  thollie 


a 


Phottphtttt*,  —  The  tballtous  phospbates  form  a  series  nearly  as  oompleto 
those  of  the  alkali-metals,  which   they  also  resemble  in  their  behavior 

ben  heated.  There  are  three  ort/tttphtfitphutft  containing  respectiveW  1*<V  ^^ 
HjTl,  l*(>^nTl2,  and  Pt>^Tlj-  The  /irxt  two  are  soluhW.  uiwalftf,  v\\ft  ^fetivvwA. 
is  obt&ined  bj'  neuii'ttiiMiag  dUuie  phosphuric  licVd  ii,V  Wititt^  \i^ifcX  V\vW\iixV 
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lious  cnrhonate;  and  tho  first  by  mixing  the  dithalliouji  salt  with  eJtcpBK  of 
I»bwapboric  aci«l.     The  tnthatlwu*  $alt^  J'O^TI^  ia  very  sparingly  solublo^J 
atiU  IH  Tormed  hh  a  crystalline  precipitate  on  mixing  tbe  sACuratfU  Hohilionln 
-of  ordinary  digodic  phoHpJiato  and  thullious  sulpbate:  al«o,  togeiher  vrit| 
rnnmoniu-tiiallioi^s  phosphate,  by  treating  the  mii>notballiouii  or  ditbAlliou 
»aU  with  excei*s  of  ttuinioi)ia«     There  are  two  thatlioua  pyrophosphate*^  ly 
H./t\j  and  lyj^TI^,  boih  very  soluble  in  wjit.er:  the  first  produced  by  eara^ 
fully  heating  muuuihal lious*  ortbophoMphate,  ibe  second  by  strongly  beatinj 
dithalUouB  uithopliosphule,     OF   thalliouA  mttapho^hatf,    F'O^TI,  there  ar 
two  modificatiuns:  the  firitt  remaining  as  a  slightly  ^ohiMe  vilreoua  nmi 
when  monuthalliniig  orthuphosphale  is  strongly  ignited^  the  second  obtaine 
aa  an  easily  soluble  glass  by  igniting  aninioniO'tbalHoua  ortbophosphate. 

ThaUie  orihophotphate^  PO.Tl''^,  20H,j,  separates  as  «n  insoluble  gelatinou 
preei|jiUite  on  diluting  a  solution  of  ihallic  nitrate  mixed  with  phuspborii 
acid. 

Thallium  Sitlpbide,  TljS.  ^-Tbia  compound  is  precipitated  from  all  iba 
!ious  tfalts  by  aninionium  sulphide,  and  from  the  aeeiaie*  carbonate* 
oxalalc,  by  hydrogen  sulphidu  ( incompletely  also  from  the  nitrate,  sulpbat 
or  irhli>ride),  in  ilenije  tincks<  of  a  grayish  or  brownieh-bhick  colon  Thalli< 
aalls  appear  to  he  reduced  to  thatlious  suits  by  boiling  with  amuioniuii 
sulphide.  Thalliunj  sulpbiite  projecltnl  into  fused  poiafifiium  eyanide  is  j 
diiced  to  sulphide,  which  then  forms  a  brillle  metallic'looking  mat«s,  bavii] 
the  lustre  of  plumbago,  and  fusing  more  readdy  than  metalUo  tJiallium. 


RfoeHont  of  Thallmm  xalta.  —  Tbe  reactions  of  ihalUmtx  Malts  with  hydrogi 
Bulphlde  and  ammonium  sulphide  have  just  been  mentioned.  From  thei 
a«|ueoii8  colutlons  thallium  is  rnpidly  precipitated  in  metallic  crystals 
zinr^  slowly  by  iron.  Sitluble  ehloruhs  precipitate  difficultly  soluble  whi 
thallious  chkmdc ;  solnble  bromides  throw  down  uhiie,  nearly  insolnbli 
bromide;  sohible  unittirx  precipitate  inaobiblc  yellow  tballioutt  iodid 
Caustic  alkaiie$  and  aikaUn^  earhmiatrx  form  no  precipitate;  tofiinm  phi 
phate  forms  a  white  precipitate,  ini>olublo  in  amuionia«  easily  soluble 
acids. 

PiitQsshtm  chrnffiate  gives  n  yellow  precipitaic  of  tballions  chromatc,  in 
soluble  in  cold  nitric  or  itulphuric  acid,  but  turning  orange-red  on  bollin 
in  the  aci'l  solution.  —  Plattntc  chloride  precipitates  a  very  pale-yellow  i 
solnble  double  anU. 

Thtttlie  gitits  arc  easily  distinguished  from  Ihallioua  salts  by  their  bi 
haviour  with  alkalies,  and  with  soluble  chlorides  or  bromides.     Their  sol 
tioUH  give  witJi  ummonw,  and  with  Jixrd  ft ikalkA  a«d  ih^^iv  carfjonatet,  a  bro' 
geluliiious  precipitate  of  thalltc  oxide^  containing  the  whole  of  tbe  thallium 
Soluble  chlvnt/eA  or  bromtdtts  produce  no   precipitate   in  solutions  of  pure 
iholliG  ftaliA;  tiTit  if  a  thallious  ^alt  i!$  likewise  present,  a  precipitate  of 
sesquichloriiie  or  «ies(|ui bromide  is  formed.      Oxalic  arid  forms  in  eoltitlo] 
of  thallio  suits  a   white  pulvendeni  precipitate;   pho^hvrie  aeid  a 
geUttnous  (►recipitnte;    and    artrnie  and  a  yellow   gelatinous   precipitate. 
Thallie  nitrate  gives  with/>o/d*«iiwi  ferfoeyanick  a  green,  and  with  tbe  Jerri' 
rtftinidr  a  yellow  pvrecipilule* 

In  examining  a  mixed  metallic  solution,  thallium  will  he  found  in  the 
precipitaic  thrown  down  by  ammonium  sulphide,  together  with  iron,  nickel, 
manganese,  Jtc.  From  the***'  metals  it  may  be  easily  separated  by  precipi* 
tation  with  potassium  iodide  or  platintc  chloride,  or  by  reduction  to  the 
metallic  state  wilh  line. 

Thallium  poitt*  are  reduced  before  the  blowpipe  with  charcoal  and  sodium 
vnrhotinic  or  pofa^piutn  cyanide.     The  green  color  imparted  to  flame  by 
fhttUhnu,  nmi  the  peculiar  cbaraoieT  ot  \la  RV^<aiT\asi^  \tM^  t\x««d^  ' 
mentioned* 
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GOLD. 

Atomic  weighty  196-7.     Symbol^  Au  {Aarum). 

Gold,  in  Sim  all  (ju  an  lilies,  is  a  very  widely  diffused  met  at ;  IrftceB  of  it  i 

oofltantly  founJi  in  the  iron  pyrites  of  r tie  tuore  ainoient  roclci».    U  Is  always 

net  wilb  in  ilie  meiftllic  stjite,  somL'tiraes  beautifully  cryBtJvlliied  iu  tlieiuibic 

associated  witU  quarts*  iron  oiide,  and  oth<!r  Hubi^tnnceH^  in  regular 

aitieral  Teina*    The  sands  of  Tarious  river?  havt*  loug  furiiiMbed  gold  derived 

^oin  this  source,  and  separable  by  a  simple  procetts  of  wa«ibing ;  such  is  the 

d-dust  of  Cdiinmercc,    When  a  veiustoite  is  wrought  for  gold^  it  istilaiuped 

I  powder,  and  shaken  in  n  Biiituble  fipparatus  ivirh  water  and  mercury;  an 

fctnalgam  is  thua  formed,  which  is  afterwards  separated  from  the  mixtitre 

nd  decomposed  by  dislillution.     Formerly,  the  chief  supply  of  gold  was 

l^btained  from  the  mines  of  BraziU  Hungary,  and  the  Ural  mountains;   but 

nltforniii  and  Australia  now  yield  by  far  the  largest  quantity.     The  oew 

old-field  of  Briii&h  Columbia  is  also  very  productive. 

Native  gold  is  almost  always  alloyed  with  silver.     The  purest  speclmenB 

^live  been  obtained  from  Schabrnwski,  near  Katharinenburg,  in  the  Ural. 

\  specimen  analysed  by  Gustav  Hose  wan  ff»iind  to  contain  llh'l>6  per  cent. 

pf  gold.     The  Cftliforniau  gold  averages  from  87-5  to  88'&  per  cent.,  nnd 

be  Australian  from  9^  to  9titl  per  cent.     In  some  specimens  of  native  gold,  as 

that  from  Linarowski,  in  the  Altai  mountftius,  the  percentage  of  gold  h 

low  OS  &}  per  cent.,  the  remaimier  being  ?iilvcr.     There  is  also  an  auri- 

Brous  silver  found  at  Konigaberg,  in  Hungary,  containing  28  per  cent,  of 

old  and  72  of  silver. 

Pure  gold  is  obtained  from  its  alloys  by  soluiioti  in  nitro-niuriatic  aciil 

"mud  precipitation  with  a  ferrous  suit,  which  reduces  the  gold^  and  is  itself 

converted  into  a  ferric  salt,  thus; 

6S0^Fe  +  2AuClj  :=  2(S0J^Fc''%  +  Fe'^^^Cl,  +  Au,, 

Fern>u^  Anrif  Fwrrir  Ffrrk-  Guttl. 

he  gold  falli  as  a  brown  powder  wbicb  acquires  the  metallic  lustre  by 
'ictiou. 

Gold  is  a  soft  metal,  having  a  beautiful  yellow  color.  It  surpasses  all 
iiher  metals  in  malleability,  the  thiniie»t  gold  leaf  not  exceeding,  it  is  said, 
jf^^^^  of  an  inch  in  thickness,  wliile  the  gilding  on  the  silver  wire  used  in 
lie' manufacture  of  ^old-lacf  is  ftill  iliinner.  It  may  also  be  drawn  into 
fcrj  line  wire.  Gold  has  a  density  of  lUrj:  it  molts  at  a  temperature  a 
htile  above  the  fusing  point  of  silver.  Neither  air  nor  water  affects  it  in 
lie  least  at  any  temperature :  the  onlinary  acids  fail  to  attack  it  singly.  A 
nixtiire  of  nitric  and  hydrochloric  acids  dissolves  gold,  bowevert  with  ease, 
^e  active  agent  being  tfae  liberated  chlorine. 

Gold  forms  two  series  of  compounds:  the  aurowi  mmpouudg,  in  which  it  ta 
inivalent,  as  AuCL  Au^O,  &c.,  and  ih©  aurU  compQunH^  in  which  it  is  triva- 
>iit,  aa  Au'^'Cl,,  Au""/V  &c, 

Chloeidka,  — The  monorhloHfif  or  AnrouA  ehhrifif^  AuCl,  is  produced  when 
be  trichlori<le  is  evaparatcd  to  dryness,  ond  exposed  to  a  heat  of  227**  C. 
J440*  ¥,),  until  clilorine  ceases  to  be  cxlialcd  It  fonas  a  yellowish-white 
iass,  insoluble  in  water.  In  ctuitsict  with  timt  liquid  it  is  decomposed 
Aowly  in  the  cold,  and  rapidly  by  the  aid  of  heat,  into  meialUo  gold  and 
trichloride. 

The  irtcAforttie^  or  Atme  chlGridt^  AuCl^,  t«  the  xnosi  m^oTiatvV  t^siK^QXWi^ 
of  gold:  it  18  Alwnjrs  produced  when  gold  is  dissolved  muUT^-ToxirLtiAXR  ^^^ 
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gold;  ftlBO  by  the  brownish-pyrple  pi-o<iipirat(?,  called  "Purple  of  Cassius/* 
formeil  wheu  Mtannotts  ehtorul*;  U  addeii  lo  liiluie  g*jld  solar ioix^.  The  corn- 
positioa  of  iLiH  pr(?ripU»lc  is  tiot  cxucdy  known,  IkiI  afl€^r  ijyruiliou  it 
iluubtlcft^  cousislii  of  a  mixture  of  staunic  oxide  and  uittullic  gulJ.*  It  in 
used  in  eTiamel  pninling. 

Oziilic  arid  aloivly  rodvicos  gold  to  the  metallic  Btate:  to  insur©  complete 
precipltatioti,  liiu  gold-uolutien  m\i»l  bu  dig^ntud  wilb  it  for  l!-!  hour^.    For 

lie  quantitiilive  iinsilysiK  of  a  solmion  coniniuing  gold  anil  other  luctuls, 
nxiklic  acid  is  in  most  ciiitPH  a  more  coDvi^nieiU  precipitant  than  ferrous  »uU 
phaiei  inasmuch  di*,  if  the  <|imniitie!j  of  ihc  other  lueiMls  nrc?  »il*ii*  lo  ho 
ieterniined,  tbe  presence  of  a  largo  qnanlily  of  iron  «ttk  juay  complicate 

"he  tuiftlyBiB  conMder&bly. 


Gold  inteTnlcd  for  com^  and  most  other  purposes,  in  alwnys  alloyed  with 
certain  proportion  of  silver  or  copper,  lo  increase  its  hardnestj  and 
iurability:  tbe  first-named  metal  eonters*  a  jmle  greenish  color.  English 
itandnrd  gold  contains  A  of  Hltoy,  tivw  tiiways  copper.  Gold  when  alloyed 
^*^  copper  may  be  estuiiaied  by  ftic«inn  in  a  cupel  with  leatl.  in  the  same 
^ma  in  Ihe  alloy  with  Bilver.  If  the  alloy  be  free  from  silver,  I  he  weight 
lie  globule  of  gold  left  in  the  cupel  will,  ufrer  repeated  lusions,  aecu* 
ately  represent  the  quanlity  of  gold  which  is  present  in  the  alloy.  But 
"  tbe  alloy  contains  silver,  that  meial  remoins  with  (lie  gold  after  cupclla* 
ion.  In  this  ca.^e  the  original  alloy,  consisting  of  gold,  silver,  and  copper, 
fii»ed  in  the  mutBe  together  with  lead  and  silver;  the  alloy  of  gold  and 
iilver  remaining  after  cupellution  is  then  boiled  wiih  nitric  acid,  which 
"lldsoWes  the  silver,  the  gold  being  left  behind.  By  treatment  of  the  alloy 
Df  gold  and  silver  with  ntlrtc  acid,  an  aeeurate  separaiion  it*  obtained  only 
rhen  tbe  two  metals  are  present  in  certain  propfirtions.  If  the  alloy  can- 
Uns  but  little  silver,  that  melal  is  proiccted  from  the  action  of  the  nitric 
cid  by  the  gold:  again,  if  it  contain<«  too  lanch  tiilver,  the  gold  i?j  left  ns  a. 
Dwder  when  the  silver  is  dissolved  out.  Experience  hag  shown  that  Iho 
Host  favorable  proportions  are  \  gold  to  |  i^ilver;  the  gold  id  then  left 
pure,  retaining  the  original  shape  of  the  alloy,  and  can  be  easily  dried  and 
rctghed.  The  «|Uflnttty  of  silvi^r  which  is  a<lded  to  the  alloy  must  there- 
f6re  Tfliry  with  the  amount  of  gold  which  it  contains. 

Gotfl'Uaf  \%  ma«ie  by  rolling  oui  phi(es  of  pure  gold  as  thin  as  possible, 
^nd  then  beating  them  between  folds  of  membrane  with  a  heavy  hammer, 
mil  the  requisite  degree  or  tennity  has  been  reached.     The  leaf  is  luado 
^  adhere  to  wood,  &c.,  by  sixe  or  varnish. 

Qtliiing  on  copper  has  swy  generally  been  performed  by  dipping  the 
ftrttcle^  into  a  solution  of  mercury  nitrate,  and  then  shaking  ihem  with 
f  small  lump  of  a  soO  amnlgam  of  gold  wilh  that  tnetul,  which  thus  be- 
omes  spread  over  iheir  surfaces:  Ihe  articles  are  subsequently  heated  to 
Kpel  the  mercury,  and  then  burnished.  Gilding  on  steel  is  done  either 
hy  applying  a  solution  of  auric  chloride  in  ether,  or  by  ronghening  the  sur- 
face of  the  metal,  heating  it,  and  applying  gold-leaf  wiih  a  burnisher. 
JiMing  by  electrolysis  —  an  elegant  and  simple  method,  now  ra|udly  super- 
»ding  many  of  the  others  —  has  already  been  noticciL  The  solution  usu- 
rully  employed  is  obtained  by  dissolving  oxide  or  oyauidc  of  gold  in  a  solu- 
iloti  of  potasfiium  cyanide, 

•  Qrahocn'i  Elomento  of  Chomistryi  Am.  odlt.  p.  40(k 
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GROW   I.  — PLATtNtTM    METALS. 


FiATiinnL 

Atomic  weight,  197*4.     Symbol,  PL 

PLATTXtTM*  palladium,  rliodium,  iridium ,  ruthenium,  am?  OBmuini*  fo 
a  grouji  of  me  hi  Is*  nlUed  in  some  ciisi*?  hy  proper  tins  in  common^  a 
still  more  closely  by  their  uaturnl  association.  Crude  platinum,  a  natiTii' 
alloy  of  plulitiuin,  palUdiuro,  rbo^Uum,  iridium,  and  a  liltle  iront  occurs 
in  grains  and  rolled  mapaes,  sometimes  of  tolepahly  lurge  diinetisions,  mixed 
with  gravel  and  tmn sported  materials,  on  the  glopt?  of  the  Ural  mountains, 
in  Ras8ia,  in  Brazil,  and  Ceylon,  and  in  a  few  oih<*r  places.  It  has  never 
been  seen  in  th«  rock,  which,  however,  Is  judged  from  the  accompanying 
materials  to  have  been  serpentine.  It  is  stated  to  be  always  present  in 
small  qunntitiea  with  native  silver. 

From  this  siibalance  plutinum  is  prepared  by  the  following  process:  The 
crude  metal  is  acted  upon  a»  far  as  possible  by  nitro-murialic  acid,  contain- 
ing an  excess  of  hydrochloric  acid  and  slightly  diluted  wj»h  water,  in  order 
to  dissolve  as  small  a  quantity  of  iridium  as  possible:  to  the  deep  yellow- 
isli-red  and  highly  acid  solution  thus  produced,  iml-ammoiiiac  is  added,  by 
which  nearly  the  whole  of  tho  platinum  is  thrown  down  in  the  slate  of  am* 
monium  platinocbloridc.  This  substance,  washed  with  a  little  cold  water, 
dried,  and  heated  to  redness,  leaves  metallic  platinum  in  the  spongy  state. 
This  metal  eannot  be  fused  into  a  compnct  nijiws  by  ordinary  furnace-heat, 
but  Iliu  same  object  ruay  be  accomplished  by  taking  advantage  of  its  prop- 
erty  of  welding,  like  iron,  at  a  high  temperature.  The  tspongy  platinu] 
ie  made  into  a  thin  unifoTm  paMe  with  water,  introduced  into  a  aUghf' 
conical  mould  of  brass,  and  subjected  to  a  graduated  pressure,  by  whi 
the  water  is  squeezed  out,  and  the  mass  rendered  at  length  suflicienily  solid 
to  bear  handling.  It  is  then  dried,  very  carefully  heated  to  whiteness,  and 
hanimorcd,  or  subjected  to  powerful  pressure.  If  this  operation  is  properly 
conducted,  the  platinum  will  then  be  in  a  state  to  bear  forging  into  a  bar, 
which  can  afterwards  be  rolled  into  plates,  or  drawn  into  wire,  at  pleasure. 

A  mi*thod  for  refining  platinnra  has  lately  been  proposed  by  M\t.  Deville 
and  Debray.*  It  consists  in  submitling  the  crude  melal  to  the  action  of  an 
intensely  high  temperature  in  a  crucihle  of  lime.  The  apparatus  tliey  em- 
ploy is  as  follows:  The  lower  part  of  the  furnace  consists  of  »  piece  of 
lime,  hollowed  out  in  the  centre  to  the  depth  of  about  a  quarter  of  an  inch ; 
a  small  notch  is  tiled  at  one  side  of  this  baain,  through  which  the  metal 
is  introduced  and  poured  out.  A  cover  made  of  another  piece  of  Irmc  fits 
on  the  top  of  this  basin:  it  is  abo  hollowed  to  a  small  extent,  and  has  n 
conical  perforation  at  the  top,  into  which  is  inserted  the  nozxle  of  an  oxy- 
hydrogen  blowpipe.  The  whole  arningemeni  is  firmly  houml  with  iron 
wire.  To  use  the  apparatus,  the  stopcock  supplying  the  hydrogen  {or  coal 
gmsj  10  opened  uad  the  gas  ligbled  al  this  notch  in  theflrtieible;  ibo  oxygen 
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ifl  til  en  Kmfliially  suppliofl ;  and  whon  fh<r  furniice  It  BufiiGieiittj  bot,  the 
tnetal  is  iniroducetl  in  snmU  jjitHrea  llirougli  ili<?  orifice.  By  ibis  iirrange- 
ment  as  mncb  iia  5()  pounds  uf  plQliDiLim  and  more  may  he  fuj^ed  at  ouco« 
All  tUe  iin purities  in  tbe  plurtiuum,  ti*M?pt  the  iridium  and  riiodinm,  are 
separnted  in  ttiis  manner:  the  gold  and  pallndiiim  are  Tcdatj.lijit!i] ;  the 
Bulpliur,  phosphurujt,  arni'iiic,  and  osmium,  oxidized  and  volatiliicd  ;  and 
die  iron  and  coy>pcr  oxidized  aiid  absorbed  by  the  lime  of  the  crticibie. 

Platinum  is  a  liiile  whiter  th»n  iron:  it  iw  eiceedingly  malleable  and 
ductile*  hotli  hot  and  cold,  and  is  very  infn.sible,  melting  only  before  the 
oiy-hy*lrogen  blowpipe*  or  in  the  powerful  blaal- furnace  just  describcil. 
It  is  the  hearieat  substance  known*  its  jspecifie  ji^ravity  being  21  5.  Neither 
ilir*moi»(ure*  tior  <he  ordinary  acids  attack  platinum  in  *be  yliphtent  degree 
At  any  temperatures  henoo  itB  great  value  in  the  conatruction  ut  chemical 
TesselB,  It  is  dissolved  by  nit ro -muriatic  aeid*  and  supcrtieiriUy  oiidixcd 
by  fused  pota^tjfiuiu  hydrate,  which  enters  into  combinaiiun  witli  thy  oxide. 

The  remarkable  properly  of  the  spongy  metal  to  determine  the  union  of 
oxygen  and  hydrogen  has  been  already  noticed.  There  is  a  still  more 
curious  slate  in  which  platinum  can  be  obtained  — that  of />/«/i«M/rt-W(ir^^ 
in  which  the  division  U  carried  much  further.  It  is  easily  prepared  by 
boiling  a  Holution  of  plutinic  chloride,  to  %vhich  an  exceiii^  of  sodium  car- 
bonate and  a  quantity  of  sugar  have  been  a<lded.  until  the  preeipilate 
formed  after  a  little  time  becomes  perfectly  black,  and  the  supernatant 
liquid  colorless.  The  black  powder  18  collected  on  a  filter*  waglird  an*l  drii'd 
by  gentle  heat.  This  substance  appears  to  ponaeBs  the  property  of  von- 
densing  gases,  more  especially  oxygen,  into  its  pores  to  a  very  great  extent; 
when  placed  in  contact  with  a  solution  of  formic  acid*  it  converts  the  !atier» 
with  copious  effervesce  nee*  into  carbonic  acid;  alcohol,  dropped  upon  the 
plfttinnm-blaek.  becomes  changed  by  oxidation  to  acetic  iicid,  the  lise  of 
temperature  being  often  sufficiently  great  to  cause  inflammation,  When 
cxpoied  to  a  red^heat^  the  bliick  )«ub8iance  ihrinks  in  volunie,  assumes  the 
Appearance  of  common  spongy  plnlinum,  and  loses  these  peculiarities*  which 
ar«  no  doubt  the  result  of  Its  excessively  comminuted  state. 

Platinum  forms  two  scries  of  compounds:  the  pintinou*  rompnumh,  in 
which  it  is  hivftlent,  r.fj.  Pt'^Cl^.  Pt"U,  and  iliQ  platinic  compmmd*,  in  which 
it  is  qnadriT^lont,  e.g,,  WC\,  Pt'^O,,  &c, 

CnLOniDEs.  —  The  dichloride^  or  Plafinrnttt  chloride^  Pf^'Cl,*  is  produced 
when  platinic  chloride,  dried  and  poxvdered*  is  exposed  for  some  time  to 
heat  of  about  *200°,  whereby  half  the  chlorine  ia  expelled ;  also,  when  sul- 
phurous  acid  gas  is  passed  into  a  soliilion  of  the  tetrachloride  until  the 
UfcUer  ceases  to  give  a  precipilalc  with  »«al-amumniac.  It  is  a-greenish-gray 
powder,  insoluble  in  water*  but  dissolved  by  hydrochloric  acid.  The  latter 
•olatioiit  mixed  with  sal-animoniac  or  potusHium  chloride*  deposits  a  double 
unit  in  fine  red  prismatic  crystals,  containing*  in  the  last  case*  liKCLPtCl^ 
The  corresponding  sodium-compound  is  very  soluble  and  diflicult  to  cry»- 
lalUie.  These  double  salts  are  called  pfatinoto-chforides  or  chiorf*p/afmi/ei 
Piatinous  chloride  is  decomposed  by  heat  into  chlorine  and  metallic  platinnmJ 

The    tttrathloridc,    or    Ptufmic   chloride^    Pl'*Cl^*    is  ahvnys    fornied    when 
platinuiu  is  dissolved  in  nitro-muriatic  acid.     The  acid  Holution  yields,  on 
vTDporation  to  dryness*  a  red   or  brown  residuCi   deliquescent,  and  very 
soluble  both  in  water  and  In  alcohol;    the  aqueous  solution   luis  a  pure 
orange-yellow  tint.     Platinic  chloride  unites  with  a  great  vnrieij'  of  metal- 
lic chlorideSf  forming  double  Sfilii*  called  ptafuui-chhnde^  or  rhtoro'plutinatf.t §, 
the  most  important  of  these  coTnpounda  are  those  contnining  the  nietala  «#■ 
the  alkalies  and  ammoniuni.     Votasxium  pMmf)<:hUruh^  IRviVVvCX^,  ^*^v\eai' 
bright  felhw  crysinUine  precipitate,  being  produee*\  yf\\eutt"s«iY  *<i\\iXA«oA 
of  the  chloridea  of  pltLtinam  and  of  potAAaiam  are  m\x.^d,  qt  a.  ^QVia^^^waa.  ' 
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tt!:  Kizci  viib  m  IhiSe bTiroriSc-rir  ftrid if  adi«d  i« pSaOBBB iwiMAikiiia 
1:  i«  ir^V.T  f.>':iil->  is  v«:er.  fc^  Vr»  ft»Iuba«  is  di2&:e  akisMk.  a;^  i»  4e- 

tTu.»f«res*t.  T*^!l&«>re<i  pr-.Mb»  M'grns  beanj.  TW  ■■hum—  — rr,  :£SII« 
ClP:i.1^  »  am  iiicixiraa^bie-  ixi  pLjiical  ckaracfcra.  frtoa  iW  fttMarnvm- 
f»l: :  :i  »  i£r:«n  d^n  as  a  procipitai*  frf  i^auL  naafyarf  ■  tkI**.  act*- 
k«-i-^  cnrfSA!!*  «k«a  iiaV-a»iwwi'>f  it  Bixfl«d  vh^  fduaaic  cUsida:  ii  is 
bcR  f«<eKT  f-^.'.s.V.-t  ia  vaxcr.  tu!!  jeai  so  ia  dilate  t^k^i/L  a»i  s  4cciiaipaac4 
bj  beas.  Ti«jiz£p  fi^^Aij  ilaxia^iB.  vku*  ak-aaamnsac  kjdrocUanr  acid, 
aai  a::r:<£va  are  drir^*  of  Plasiaac  ckl«>nic  mla6  Im^  OTfcaEisabla 
d:*sMe  fi&l:i  vita  ia«  LTir«c^:ni<«  t-f  Baaj  c^rfaaic  baaet:  wis^  cfiitjla- 
mise.  for  eiazic->.  li*  «'>ap>:>aai.  i^NH,  C,H^  HCI^-P^C^ 

TL«  ^.4M^«  «si  K-erifv  . /*  8«.*e'^xv»  are  aaa-cip  vs  ia  ctMKf^sstiiB  to  tbt 
csi^^^DM.  a»i  likcv^M  f .m.  d>:'=.:l«-  icalu  vixa  a'ka'ia*  br:^ 


Ox:dz.«w  —  Fte  itofmriAA;.  cs-  /^Cxr^rwr  rai^.  Pi '  '«X  is  rtcaLacid  bj  fifcauag 
ib«  iLc^ortie  vt:l  ck;;^:-^  |-:«.k«i.  v»  b  blaek  XK^m^tr,  *'L<%\Mt  ia  cxceai  of 
al&ali.  It  d:«i«*.^T«»  b^^o  ix  aois  wzzk  Vrc^-n  c^ikr.  a»a  ta«  Mfaiiotta  are 
K<*:  rree:f-i:a:<4  ':  j  «M^-*=A>a:M.  Wi^a  pja'iauL  -i>cxii«  is  bcaiod  aritk 
«*ivs::o&  <4  oxalif  ^nL  ::  s»  red^prc^i  u  ZL-:avx:>fr.  viB^i  rrfltaiKs  diaaalrcd. 
Ti<  Zlvj^iii  iA*  &  lark-Msc  cil;c.  aai  -iti'^i-j  ixt  e-;fc«r-ped  accdks  of 

a-:rfc:*  :.^  a  j^j'-Eriji  of  pl^i:-.?  s^.ii*:*:    ruLn^jx  «:^rl&:e  aaa  platiaic 

%'-*  i-A-f  :f  ".i*  iIa::^-^^  »*  _:..";  ./u^r  irc-i:*.  Ti*  *-L"ii^*  i»  :;«eLf  obcaiaed 
Vt  Av-.i-f  v-.ii  *;r:-f  -iTrlr  ir:i  -!•:=.  TlA:ir-=.  ^_K.:;i:i*«  wiich  fail*  as 
&  :"*.:*  ivwi-cr  vi*a  a  *.:>-•:.=.  ;f  :!♦  wruTW.r.i*  i»  ir:^j*-J  iato  pocas- 
*:'!=.  *j.lTi:i*.  P:i:i=.:f  rxiri:*  i*  a  V-lij  ir.  B-r  j.iTi+r.  vkieh.  vhen 
rii-lj  iiA:««i.  ^^t^**  ^I^ok  iri  aiijir:,.*.  I:  ^.^t  »1*:  l-e  f.>rme*i  bj 
S.  Hire  rlAiir.:-:  ci",.  r:  i*  w::i  &  rre*;  *x^f-**  :f  m-*::;':  s>£a.  aB>i  ifc«B  aJding 
aio*::c'  a.-Li.  1:  iii^.lr^^  ia  *.-:i*w  a=.i  ii**:  :■:=.: li-e*  -wira  b<aM4:  the  sails 
a*Te  a  xt'l:w  ^r  r^i  :ir:,  aci  a  rr^a;  ii*i-:i*-:::-  ::  .ir::*  »i:i  salw  of  the 
a'.kaIi«-»  azri  alial::i<  **r:i*.  ^^''-^r  ™*  *'•'  *  «*r:«  :f  i:::^!*  comp^ands, 
«i:.-i  *r*  as:<  p r*^-:t::A:*-i  ij  *xr^^ssj  :f  alk:IL  A  .-'la.iiaaik'ja  of  platinie 
oxiie  w::h.  *=.ri:riA  «x:<:4w  wi-^i  i*  ■drl.iSiT**  Bc:i  c^dcs  of  platiaaia 
anf  r<»iuj«u  :c  :i*  =i* :*:::,:  «a:<  by  ■.rr.ii'i.a. 

SuLTHin*.  —  Ti*  wratpv-siai*  P:'  *?  »=::  F"  '5.  ir^e  rr,*<i=c*d  br  the  action 
of  ijrir>r«a  *clpl:i*.  cr  si*  *uI:i~iTin:<  .:'  iz.  alcfc'.>=i*saL  oa  tb«  di- 
v-feL*->r:i*  aai  :*:r*o'r.:r:i*  ;f  plA:i=..ii  r**r«v':T-:T :  :i*T  are  both  black 
«uN5caa>fy^  :a*.:::i^>  ii  wa:<r.  F'.iiiii:  i^iliiii*  *i-eat*'i  ic  a  close  Tc5#e1 
pre*  c£  iaif  i"*  ^^Ici-ir  asi  i*  T-«i*,-yi  *:  rlfc::^.^.*  fu'jriie.  It  dusoWes 
ia  alkaM::*  iir  ira:**.  ^-ar^j^i-.^^^  ari  fr^'riiittw  f: r=j^;  5;a:is  called  ««(pAo- 
/«Vx.-.dihL:^«.  wiiiri  are  iev^:=Lrv^s*^i  ^t  a^'iiiw 

T\t  oh'orii*^^  cxii<s*  ^u^r'^at*^^  ic  .  rf  r'a:rr:ni  ar«  carable  of  taking 

up  two  or  Ei>rv  =^^".*v*ul*<  ^;  ar^=:2ia.  ari'f.nLinx  --'^acc^in-i*  analogous 

ia  aiAET  re-p«?c:^  ::  :ie  as^s.-a  aoal  aerviry  crap.^iJAi*  alm.Iv  described. 

r^crv  a  MP  SVC  «r:c5  of  :ic«  c^SLi^^Hisris^  wix'i  suay  Ve  fv^rtxTtttated  as  in 

9he  foZ\>a:njr  taMe.  tbe  STmb^  K  4«a^«i&:(  ^>uu.vvi»3k  o^^ttt^na  Tadieal, 

•K*  *»  iZ  Br,  NV.V  *<^    ' 
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I.  Diammonio-platinous  compounds  .  2NH,.Pt^^Rr 

II.  Tetrammonio-platinous  compounds  .  4NH,.Pt'^Ry 

III.  Diammonio-platinic  compounds  .  2NH3.  Pt**R^. 

IV.  Tetrammonio-platinic  compounds  .  4NH3.Pt*'K^. 

V.  Octammonio-diplatinic  compounds     .  8NH3.  Pt*',R^O^^. 

Any  number  of  atoms  of  the  uniyalent  radical  R  may  be  replaced  in  these 
compounds  by  an  equiyalent  quantity  of  another  radical,  univalent  or  multi- 
Talent,  thus  giving  rise  to  oxyohlorides,  nitrato-chlorides,  oxynitrates,  &c. 

The  diammonio-platinous  and  tetrammomo-platifdc  compounds  (I.  and  IV.) 
may  evidently  be  derived  from  double  and  quadruple  molecules  of  am- 
monium salts,  by  the  substitution  of  Pt'^'^  or  Pt'''  for  an  equivalent  quantity 
of  hydrogen:  «.y.,  2NH,.Pt^^Cl,=(N,HePt^^).Cl,;  and  4NH,.Pt''Cl^=(N^ 
H),Pt**).Cl4.  The  composition  of  the  tetrammonio-platinoiu  compounds  (II.) 
will  be  understood  when  it  is  remembered  that,  nitrogen  being  a  pentad 
element,  NH,,  is  a  bivalent  radical,  and  that  any  number  of  such  radicals 
may  be  added  to  a  compound  without  disturbing  the  balance  of  equivalency 
(pp.  234,  235).  Further,  since  the  addition  of  NH,  to  any  compound  con- 
taining hydrogen  comes  to  the  same  thing  as  replacing  an  atom  of  hydrogen 
in  that  compound  by  ammonium,  NH^,  these  tetrammonio-platinous  com- 
pounds may  also  be  regarded  as  salts  of  diammopUitosO'diammonium,  that  is, 
of  a  double  ammonium  molecule,  N.Fg,  in  which  two  atoms  of  hydrogen 
are  replaced  by  Pt'^'^,  and  two  more  by  ^NH^)^  —  In  the  diarnmonio-platime 
compounds  (III*)*  the  bivalent  radical  (Pt'^Gl,)^''  plays  the  same  part  as  Pt^^ 
in  the  diammonio-platinous  compounds. 

The  following  table  exhibits  the  constitution  of  the  several  groups  of 
compounds  according  to  these  views,  taking  the  chlorides  as  examples: 


NH,a 


L   2NH,.PtCl,     =  (NjHgPt'OCli  =  Pt 

NHjCl 
NH,C1 
NH, 
n.    4NH,.Pt''Cl,  =  [N,H^(NHJ^t'']Cl,    =  Pt 

NH, 
NHjCl 
NH,C1 
IIL    2NH,.Pt"Cl^  =  [N,Hg(Pt»'Cl,)'']a,      =  PtCl, 

NHjCl 

N,H«C1, 

II 
IV.    4NH,.Pt''Cl^  =  (N^H„Pt«')Cl4  =  Pt 

N^H^C\y 

V.  The  oeiammonio-d^latinic  compounds  consiBt  of  dou\A^  xcki^'^GviX^^  ^t 
tetrAmmoDio-pUiinio  compouDda  having  two  or  more  moVecxiV'ft^  ot  >Xi»'«3Dakf 
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▼alont  radical  R,  replaced  by  ao  equivalent  quantity  of  a  biTalent  radical: 
e.  y.,  (ho  oxynitrate  =  8XH,.Pt'',(X0,)«0'^  =  (NgHj^Pi**,)  |  ^^V?^*- 

I.  Diammonio'platinotu  Compounds.  — These  compounds  are  formed  by  the 
fiction  of  heat  on  thoHO  of  the  following  series,  half  the  ammonia  of  the 
lattor  being  then  given  off.  They  are  for  the  most  part  insoluble  in  water, 
but  diHMolvc  in  ammonia,  reproducing  the  tetrammonio-platinous  com- 
poundH:  (hi>y  dotonatc  when  heut«d. 

Vhhridf^  N,lLl*t^^Cl,. — Of  this  compound  there  are  three  isomeric  mod- 
iticntioiiit: — «.  irllow^  obtained  by  adding  hydrochloric  acid,  or  a  soluble 
chloride,  to  a  solution  of  diammonio-platinous  nitrate  or  sulphate,  or  by 
boiling  the  green  nioditication,  y,  with  ammonium  nitrate  or  sulphate;  or, 
by  utMitralising  a  Holution  of  platinous  chloride  in  hydrochloric  acid  with 
aniuionium  carbonate,  heating  the  mixture  to  the  boiling  point,  and  adding 
a  «iunnii(y  of  ammonia  equal  to  that  already  contained  in  the  liquid,  filter- 
ing from  a  dingy  green  subntunce,  which  deposits  after  a  while,  then  leav- 
ing the  Holution  to  cool,  and  decanting  the  supernatant  liquid  as  soon  as 
the  yoUow  nnlt  i**  ileponited.  0.  Red.  —  If,  in  the  last  mode  of  preparation, 
(he  anunonium  earbonnte,  instead  of  being  added  at  once  in  excess,  be 
added  drop  by  dnip  to  the  hydrochloric  acid  solution  of  platinous  chloride, 
(he  li<|uid  on  eooUng  deponitH  small  garnet- colored  crystals  having  the  form 
of  HI \  Hided  tnbleM.  This*  red  nioditication  may  also  be  obtained  in  other 
wrtY!«.  y.  (trffn.  —  Thin  modification,  usually  denominated  the  yreen  tali  of 
.l/if-/Ni«x,  wa!«  the  firnt  diHeifvered  of  the  ammoniacal  platinum  compounds. 
It  IN  obtaineil  bv  grnilually  adding  an  acid  solution  of  platinous  chloride  to 
eauMie  annnonin ;  or  by  passing  sulphurous  acid  gas  into  a  boiling  solution 
of  platinio  chloride,  till  it  is  completely  converted  into  platinous  chloride 
^iiiid  thoretore  no  loujror  gives  a  precipitate  with  sal-ammoniac),  and  neu- 
(ri«li»ing  the  solution  with  aminouin;  the  compound  is  then  deposited  in 
green  neediest.  The  sniiie  moditioation  of  the  salt  may  also  be  obtained  by 
nddin^  nn  aoi<l  solution  of  platinous  chloride  to  a  solution  of  tctramnionio- 
pluiinouH  chloride.  N-H,.l*t"Olj.  The  corresponding  iodide^  N^lljl'i''!,,  is 
n  \  ellow  powtler.  obiniued  by  heating  the  aqueous  solution  of  the  compound, 
Njll,.!*!  L.  Ii  dissolves  in  ammonia,  reproducing  (he  latter  compound. 
The  .'i.-.iV.  S^n^Pt'  O,  obtained  by  heating  tetrammonio-platinous  hydrate 
to  nO'\  it  a  gvavish  mass,  which!  when  heateil  to  100°  in  a  close  vessel, 
gi>cM  oH  wMier.  ainmonin.  nntl  nitrogen,  and  leaves  metallic  platinum.  The 
*..  r^.r..  N,U,ri  'Si»^.iUl„  and  the  nitrate,  NjUgPt^'^NO,),,  are  obtained  by 
biMlnii;  the  iodide  wuh  su^ph:ito  and  nitrate  of  silver:  they  are  crystalline 
Hud  li:«^e  a  >tiong  .-^oid  rc.ioiion.  The  sulphate  retains  a  molecule  of  crys- 
laUtfiiiioii  w,-«(ev.  whi^'h  c.innot  be  removed  without  decomposing  the  salt. 

II  7'.  ■•■  ■.•*.M.i -;;.!. •.♦i.;,j«  Co^-,youndf.  —  The  chhridf.  N^Hj^Pt'Tly  is  pre- 
pTiiod  b\  l««Mlin|:  pUiiiious  chloride,  or  the  green  salt  of  Magnus,  with 
•««p)«'«MiH  AiinnoiU!«  nil  the  whole  is  diss>'lved.  and  evapor.iting  the  liquid  to 
iho  i-i\«i(AlhfMK  v«'»'^^  T!io  .'-.  -^i'lV  and  iodidf  of  this  series  are  obtainetl 
b\  uoHiiuii  I  he  >««liuion  of  the  sulphate  with  bromide  or  iodide  of  barium: 
ihr\  v'x\*i.ilhio  in  cul»o*.  The  ..:..ir,  N\H,,Pi"0,  i"  obtained  as  a  crystal- 
liue  uMv^  ^\  dooiMupo>;nc  the  solution  of  ilie  sulphate  with  an  equivalent 
tpDMinx  iM  b.iixi.^  w.-tiov.  .-^ud  evaporating  the  filtrate  in  a  vacuum.  It  is 
M«ooi;')  niki^line  And  c.nu'^iic.  like  potaj^h.  absorbs  carbonic  acid  rapidly 
t^oio  iho  j^.i.  nnd  prccipii.'^ios  si'^er  oxide  from  the  solution  of  the  nitrate. 
)i  t«  i«  ^iivnn  bA«>c.  neu:r.'«*i;M:c  acids  completely,  and  expelling  ammonia 
(\oni  n«  ».aIi>  )i  nictis  ."ti  1 10^".  giving  off  water  anil  ammonia,  anil  leav- 
iHji  1^14  til  moil  hi  pUimoDs  owdc.  lis  aqueous  solution  does  not  give  off 
iiMiiNi»Hiii«  iM«*n  when  boiled. 

»-    Th*  %\\i*W   aV-w^TV*  ciiTV»oti  \\c»t\^*  t«v\»x  Iwni  ^*  ^v. 
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iPm  f»i^  KJIf^Pi'^COj-COan.,     The  tiuipkah,  N^n,^P(/^S04.  and  the  ni(rn(e, 
»»^H|jPt''^(Ni>5)5.  ftre  obtaiuotl  by  «lu€oirjpo>(iiig  I  he  clilori^itJ  with  i«ilvvr  »u)' 
Lpilate  or  niimtu;  tbey  are  neutrtil,  aud  crysUlliie  eastly. 

IIL   Diommonio-plaUnk  Compounds. — TUe  chtoridf^  NjnjPt''Cl^,  is  obhiincd 

bj  pA^9injic  chlorine  gAs  into  boiling  wut(?r  in  which  diiiiiiiiioiiio-plutinoUB 

ehloride  £lbe  yellow  modification)  is  suspended.     This  conifiound  is  inaolu- 

Ijble  in  cold  water,  and  very  »lightly  aolitbic  in  bciiling  water,  or  in  water 

■containing  hydrochloric  acid.     1 1  diMsolves  in  umm<mia  nl  a  boiling  hi.»iit, 

land  the  Hohitionit  on  cooling,  deposits  a  ycltoiv  procipitate,  cnn>iis(ing  of 

tctrammoniacal  platinii*  chloriile.     It  dittaolvt^H  in  bulling  potash  wiLiiout 

f^troWinjr  nmmonia* 

NitrHttn,—X\\   Gzynitrate,  '^^\^^V'{1^0^)fi^\  ia   obtained  by  boiling  the 
^bloridc,  N^Hjl'tCl^^  for  sevenil  honrs  with  a  dilute  ifohnion  of  ?i!ver  ni(rHte. 
at  is  a  yellow  crystalline  powder^  ifparingly  Bolublo  in  cold,  more  ftoluhlu  in 
lloilitig  water.     The  uormtil  nttratf,  NjlIflPt^'tNOj)^,  ii*  obtained  hy  dUsolving 
Nhe  oxynitrale  in  nitric  acid:  it  ia  yellowish,  insoluble  in  cold  wnler,  solu- 
ble In  hot  nitric  acid. 

The  oridtL,  NjHgPt^'Oj,  is  obtninod  by  iidding  ammonia  to  a  boiling  boIu- 
<ion  of  diiitntnonio-plalinic  nitralt^:  it  is  then  precipitnted  in  the  form  of  a 
~  eavy  ycUowifth,  crystalline  pawder,  compused  of  auiall  shining  rhombofdAl 
i;  it  is  nearly  insoluble  in  boiling  wjiter,  and  resists  the  action  of 
oiling  potash.  Heated  in  a  cIohc  vesBel,  it  givt^t!.  off  wat<?r  anti  nnmionia, 
nd  leoTca  motallio  platinum.  It  disHcdveJ)  readily  in  dilute  ocid»,  even  in 
cetto  acid,  and  forms  a  large  number  of  cryptalli^iiblc  galt«,  both  neutral 
ind  acid,  having  a  yellow  color,  and  5pnringly  soluble  in  water.*  Another 
bomponnd  of  platinic  oxitio  with  nmmonla,  cn\\ed  ftitminatmff  platinuph  wbo»o 
ompo^itlon  ba»  not  been  exactly  ascertained,  is  produced  by  decomposing 
feinmonitim  platino-chlorido  with  aqueous  pota^^b.  It  is  a  straw-colored 
B^wdf^r,  which  detonatoB  stighdy  when  suddenly  hcitcd,  but  Ktrotigly  when 
ciposed  to  a  graduaUj  increasing  heat. 

IV.  Tftrammonio-plaUnk  Compmmds. — The  oxide  of  this  pcrica  haa  not  yet 
httn  isolated.  The  chhride,  N^H|^l't'*t.^l^,  is  olitained  by  pAKitiing  chlorine 
gas  into  a  solution  of  telramnionio-plutinnus  chhtride;  by  dissolving  diam- 
tnonio^platinic  chloride  in  ammoniii,  and  expelling  the  excels  of  ammonia 
by  evaporation;  or  by  precipitating  a  solution  of  tetrammonio^plaiinic 
oxynitrate  or  nitrato-chloHde  with  hydrochloric  acid.  It  lv>  white,  and  tlis- 
nolves  in  small  fjuantily  in  boiling  water,  from  which  solution  it  is  deposited 
In  the  fortn  of  tranj^parent  regular  octohcdrous.  having  a  faint  yellow  tint. 
When  a  solution  of  thin  ealt  is  treated  with  silver  nStrftte,  one-half  of  the 
chlunne  is  very  easily  precipitated,  but  to  remove  even  a  small  portion  of 
the  remnintler  roqiiirea  a  long-conlinued  action  of   the  silver-salt.     The 

'/^  N|l!  i^Pi^UrjCly  is  prepared  by  Ir^  i  iniraonio-platinoua 

ifh  bromine.     An  orywrVrrt^e,  K^ll,  J  ^  \  a  mtrittO'fhtoride^ 

,>^ii,,i  I    ( NUjl^CI^;    a  tutphata-rhhn'df,  N^Hjjl'r  i/^^'^j    CI,;  and  an  axah- 
cAivrtde^  S^ll^t'0{Cj[)^y^%j\^^  have  likewise  been  obtained. 

V,  Oetammonio-diplatinie  Cii'mpound*.  An  oxynitrate  or  b^mc  nitraff^  ^»^m 
Pl»*,^NOjJjO",  IS  produced  by  boiling  tetramnumio-platinous  nitrate  with 
iiitric  acid  It  is  a  colorless,  cryntalline,  iletonatiiig  salt,  sligblly  soluble 
ift   4^old   water,   more  soluble   in   boiling   water,   insoluble   in   nitric  acid. 

!  irurdLj     A    nitrat'OxyfhloNde,     S^llr.^Vt^\jKO^)^0^\'\^,    dif^covered    by 

'!ky,  is  formed  when  Magnuses  green  salt  rs  bniled  wttt*  a  lai-g*?  excess 

ui  nitric  acid.     Red  fumes  are  then  evolved,  and  th*i  reftv^Wm^^  hqWaqix 4&- 
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posits  the  nit raUoxy chloride  in  ^niall  bnllintti  neetik'S,  which  tleflngml© 
when  ht-'iiteil,  ^vinp  oft"  wiiter  And  Fal  iiminouiac,  nnd  leavifig  UKiailio*^ 
plAfimiiii,  The  tiiiric  acid  in  this  »si\t  may  hit  re|jlACi^il  by  an  e(|Utvalc*ntH 
qiJiiiitity  of  earlvonic  or  oxnlic?  ncid,  ^-iehling  Ihc  compoimd!*,  N8li^l*'*3ji<'<),)'^  I 
„0''(:i^,  Aud  N^ll^Pt"  fiy^J'^XK'Clj,  both  ol  which  are  cryi-tuUifAble  lind j 
sparinglj  eolubk  A  ha*tr  oxalo-miraft,  NgH,^Pt"„(Cp^)"^(N0,)jO^',  insolu* 
bk'  iu  waier,  i8  obtained  b^  adding  ammomum  oxalate  to  the  ox^' nit  rat  el] 
(Gerhardt.j 

Btaetiom  of  Platinum  SaltM. — Platitiic  chloride  or  a  platinic  oxyi^en-sali  ] 
may  be  recognized  iu  sulution  by  i\m  yellow  preeipitale  with  Mnt-amm<mia€^  I 
dooomposable  by  he»t,  wiih  production  of  spongy  rnetal. 

ilydrofffu  ttdphidc  und  ammontum  ^ulphdc  giailnuUy  foriu  a  brown  preclpl^!J 
tate  of  phtinic  sulphide,  ^oluhlo  in  excess  of  auimoniuin  sulphide.  Min^t 
precipitates  metallie  pbitiuum. 

IMrttinic  chloride  nnd  sodium  pUtinochloride  are  employed  in  anAlylieall 
iiiveNLigation»  to  detect  the  presence  of  potassium,  tind  »epiirute  it  from^J 
tiodiuui.     For  the   Ulier  purpoae,  the   alkiiUue  sulla   are    con%erteil    into  f 
chloriduH,  nml  in  ihia  »t.iie  mixed  witb  fnur  times  their  weight  of  godium  i 
phttitioeblorido  in  crystale,  the  wliole  being  dissolved  in  a  Httle  water. 
When  the  formation  of  the  yellow  ssilt  flppenrs  complete,  aletdiol  is  added,J 
and  the  precipiiate  collected  nn  a  weighed  filter,  wntheil  with  weak  fpiril, 
earefiiilly  drieil^  and  weighed.     The  potnBsrium  chloride  ii*  then  eiisily  reek- 
oned  from  the  weight  of  ibe  doutde  salt:  and   »hi»,   hnilitnieted  from  the^ 
weight  of  the  mixed  chlorides  employed,  gives  that  of  the  i«odjuai  chloride  " 
by  difference ;  100  partw  of  potassium  p1atiuo€h!oridc  correspond  to  80*61 
parta  of  potaBsium  ebloride. 


Capnules  and  eriieiblea  of  platinum  are  of  great  Taliie  lo  the  chemist; 
the  latter  «re  conj<lniiily  used  in  mineral  nnalyuis  for  fusing  siliceous  malld*^ 
wiih  alkaline  carhonatpa.  They  huffer  no  injury  in  thin  operation,  ttllhouglil 
caustic  alkali  rougliens  and  corrodes  the  mciaL  The  experimenter  inustj 
be  particularly  eurefnl  to  avoid  iutreducing  any  oxide  of  jm  easily  ftisibl©  \ 
metal^  a«  ihstt  of  lead  or  tin^  into  a  platinum  crucible.  If  reduction  should  ( 
by  uuy  means  occtir,  these  metal*  will  at  once  alloy  themselves  with  tht- 
plaliiiitm,  iind  thi^  vesj<el  will  he  destroyed.  A  pbitjuum  crucible  must  never- 
be  pill  nuked  into  a  coke  or  oliarcotil  fire^  but  always  placed  within  a  coTcred 
earthen  crucible* 


PAILABIUM. 

Atomic  weight,  lUti-5.     Symbol^  Pd. 

When  tlie  solution  of  crude  platinum,  from  which  the  greater  part  of  thai 
metal  has  been  precipitated  by  eal-aninjoniac,  ici  neutralized  by  sodium  car- 
bonate, and  mixed  with  a  j*olution  of  mercuric  eyanidct  j)alladium  cyanide  „ 
jsepiirutes  as  a  whitiwh  iu.^oluble  substance,  whicli»  on  being  wushed,  dried, 
and  heated  to  redness,  yields  metallic  palladium  in  a  *pongy  state.  The 
palladium  may  then  be  welded  into  a  ma«8,  in  the  same  manner  ns  platinum* 

Palladium  clo.^ely  corrc^pondg  with  platinum  in  color  and  appearance;  j 
it  is  alj<o  very  mulUahle   and  ductile.     Its  density  diflFers  very  much  from^ 
that  of  plaiinyni»  t»eirig  only  IIB,     Palladium  is  more  oxidnbk'  than  plati- 
inim,     Whun  hcate4l  to  redness  in  the  air»  especially  in  the  ^hite  of  ttponge, . 
//  ncijuires  a  hiue  or  purple  i*iiperficial  film  of  oxide,  whiiih  is  agnin  reduced 
ji/  u    tt hit e   hent,     Th'nf  rnebd   ia  alow^y  tvUac\iei\  \>^  w\U\\:  vtcVv^-,  \v%  \ietl 
solvtmt  18  aitto-muniiuc  acid. 


L     soh 


PALLAmUM,  379 

Palladiuni,  like  plalinnm,  fnrmn  two  clasaes  of  pompoiinrls ;  namely,  llie 
paUadioat  compfnuuh,  in  whicU  it  i»  bivuliJiit,  and  tke  paiiadic  campoHnds,  in 
wiifcch  it  is  quAdriTttlent. 

Chloridbs.  —  Tho  dtfkicridf,  or  Palladioiu  chloride.,  Pd"Cly  is  obtained 
by  dia<iolTiTig  tbc  niotjil  in  uitro'ttiuriatic  aeid,  titid  cvaponitiitg  the  ^uliilion 
to  dryncas.  U  is  a  dark-br^iwii  mai^n,  which  dissolves  iii  wiiLer  if  llie  lit'iit 
hiis  not  been  too  gmit,  mid  foraig  double  sslUs  wkli  many  iiicialtic  clilorides. 
The  palladlio-c-hlorides  of  aiiimonium  and  potu,^sium  are  much  more  !?olijblo 
tbati  the  e^jrresponding  plutino-chloridcs:  th^'y  buve  ii  browiiisli-yeiloi.v  tint. 

Tbo  I'^trat^hfondt,  or  Pall'tdie  chhrnk,,  Pd'M!!l^,  exisl8  only  in  Sululion  nitd 
in  coiubination  with  the  alknliiiL'  chlorides,  li  is  formed  when  the;  dichlu'r- 
ide  is  digested  in  nifro-iuiirialic  ncid.  The  solotiou  hiifl  an  inienso  brown 
color,  and  i?*  decompo»eiJ  by  evaporation.  Mixed  with  potassium  chloride, 
or  sAl-aromoniac*  it  givea  rise  to  a  red  cryalalline  precipitate,  which  ia  but 
little  doitible  in  water* 

?Ati4ADioi^s  louiDK,  rd'*'!,,  IS  precipitated  from  the  chloride  or  nitrate 
by  suluble  todidea,  as  a  black  mas^n,  wliNdi  gives  off  itw  ioditie  helweeii  SUO'* 
Atid  a^UP  C.  (;i7*^°  and  ti8(P  F. )  l*alhidium-mUM  are  employed  for  the  quan- 
tltaiire  eflimatloti  of  iodine,  ehlorimc  aud  bromine  not  being  precipitated 
by  them. 

OxmEB.  —  The  monoxidf,  or  Polltidiom  ozid/>,  Pd^'O,  is  obtained  by  cvnpo- 
ratiug  to  dryne^rf,  and  cautiously  healing,  the  aolulioti  of  paliadium  in  nitric 
acid.  It  h  black,  and  bul  liule  soluble  in  acids.  Tlic  hydrate  falls  as  a 
dark-brown  [precipitate  wlien  sodium  carbonate  is  added  to  the  above  Bolu* 
tion.     It  is  decompoi^ed  by  a  stroni^  beat. 

The  diozide,  or  Fufhidtc  oiide^  Pd'^U',  is  not  knoivn  in  the  peparato  Btate. 
From  a  solnlion  of  palladic  chloride,  alkalies  and  alkiiline  carbonates  ihrow 
down  a  brown  precipitate  eonsisting  of  hyd rated  palhi<lic  oxide  combined 
with  the  ftlkali.  This  compound  gives  off  half  its  oxygen  at  a  moderate 
heat,  nnd  the  whole  at  a  higher  lemperature.  From  hot  solntionH,  a  black 
precipilate  is  obtained  conlaining  the  anhydrous  dioxide*  The  hydrate  dis- 
solres  slowly  in  aeidy,  forming  yellow  solutions.  In  Rtrong  hydroehloric 
aoid  it  dij^^olres  without  decomposfitioUi,  farming polanjtio-puJladie  chtortdfi,  aris- 
ing from  admixed  potash;  with  dilute  hydrochloric  acid,  on  tbc  contrary, 
it  givea  off  chloride. 

pAiLAT>inrii  8ui,PHii>E.  Pd'^S.  is  formed  by  fusing  the  metnl  with  stilphtir, 
or  by  precipitating  a  sidution  of  a  palladious  salt  with  hydrogen  autphide. 
It  19  insoluble  in  animoniutn  sulphide, 

AxMOiiiAeAii  PALtAPTTTM  CoMPoiixDs.  —  A  mmlerately  concentrated  doln- 
tion  of  piilladttim  dichloride  treated  with  a  i?light  excess  of  ammonia,  yields  a 
bejiutitul  fleHh-colored  or  rose-colored  pireeipitate,  enni^isting  of  N.Hgl'd'Tlj. 
This  precipitate  disnolves  in  n  birger  excess  of  ammonia ;  and  the  amrnonia- 
€al  Aoliition,  when  treated  wilh  acids,  yields  a  yellow  precipitjiie  having  ihe 
same  cumposition.  This;  yellow  modification  is  likewise  obtained  by  heating 
th«.«  red  compound  in  the  mntst  Ptate  to  1(K>°,  or  in  the  dry  ?tate  lo  'liHP  C, 
(3'f»2**  F.)  The  yellow  compound  di^soWes  (ibundantly  in  aqueous  potash, 
forming  a  yellow  solniion,  but  tvitbout  giving  off  ammonia,  even  when  the 
liquid  is  heated  to  the  boiling-poiiiit ;  the  red  compnund  behave**  in  a  **imi- 
1  iT  r  -  r,  but,  lieforc  di!<MoTving.  in  converted  in!o  the  3*ellow  motlitlcalion, 
I  i»on,  Hugo  Miiller  regards  the  red  compound  nfi  pafladtttm  ammn- 

h.  :v,    *iNHjJM"Clj,    ftud     I  be    yelbuv    n»    pdftijdaiHvmfimm   cMorxdt, 

^\H,Pd'Tl,,     The  yellow  compound,  dijjfcsled  with  watev  v\w\  ^vVjct  wtTvVv, 
jifids  /taZ/atiftmrnfmimm  oxidtt  N^U^VtU^U^  whkh  la  a  stTOtt^\i»A«,  ftQXMVAtfc'vQ. 
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water,  baring  an  alkaline  taste  and  reaction,  and  abforbing  carbonic  acid 
from  the  air.  /*j.V»jJv:"^.ii.-."iJf.ni  #'.,/»ii.v,  N3llj|Pd".80^  is  formed  by  the 
ao::on  of  >uli'hun>u5  aoid  on  th^  ox:  ie  or  oh!ori<le  :  it  erysiallitesi  in  orange- 
Yo'.'.ow  tvcoluNlrons.  The  *ik-f  ^<:?.  •".,"  tj>.  •.jViV.  and  bromide^  have  likewise 
boon  foraio-.l, 

T h o  .^  ■■» : •  s. -:  I.  4N H^ IM '  CU  or  : n^n  p- : V sis "^nr. nntm  ehlonde,  [y^H^Pd" 
^NM^  :j  ^ '••  ?"TA^*t(^^  :'r>rj:  ;hr.  sr^=:c'^:««:^  solution  of  palladammonium 
oir.  "rU'io  :r.  ob!-.  ;  ;o  rhor.i".  ;c  ir^r;*. 

V  :■. 0  :■-:".  N  ^H ,,  r  I  I ».  :  V : :^ :  -  ^-  i  \t  lev- .."sir-Mrc  e  :b e  solution  of  this  ehlor- 
i.ie  »::h  si'.vor  oxlio,  :*  4  *o  i  <T;r.;  V.**^?  violims  crrstallixable  salts.* 


V**Ia.S'..".:5  ***:*  aw  t»t-*".  r.-.4rt*'i  >y  :i«  jv^le  reU^vish-white  precipitate 

^ . ,  ■.    ^  ,•.....  „     .f  ^. .  ^ .  .  _ .  .    . ..  fc - :  :  >      [..   ,.^;  -i*;*:i   .:. f  j; ^ladions   cyanide, 
IV.    «'* ..  *-. :  -.*  vvar;: :«-.■.  rv  :  ij,\  '.-^'.^  '.'li  *r».-^xx  =.:aL 

.■■»■-:•-    •-  :   ft?.;   y    --m  *»    ..•■■:  v  rrr*  •£»-  a  t'-tok  precipitate  of 
v.iV  fc '.  .:■--..  •.;  ;..:?.  \.*.V;  ;"«,'■-■.  :,  ■-,* ;  '•.•...•aO.  i^frv*  of  dilation. 


lNViv.;iT.*.  :*  -vi".  'v  ik"yr-\  v\  c*i*r  =*:a1«w  as  ,-:rp*r:  cne  of  these 

o/vv  •■  ■■■■."*  ~i'  ;  .^  ■  * -•  A  -:•  ■*  *  <"'»fr  —  ik*  r-f*s-  Ajjlied  to  useful 
V  -■.;.-,■*  V-.  1  .V ». \i-k-j.  .:"  j.t.'j.:  -:i  .*  =.;  •  i\'.iz,*i'fi'.T  -^M-i  br  demists 
i,"  >    -.  ■,."j:  ■.,•■:  J  • 
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miring  %  8i>liitioo  of  rborlic  oxide  in  hydrochloric  ncid  witli  n  strong  sola- 
lion  of  potassium  cliloride,  crysiullizics  in  spftringly  t<olutile  ufHoreacenr. 
prisfiHS.  Another  double  salt  cuiUaiiiinir  iai/1g.4fcri.l.'tMf,,  is  pn. pared  by 
heating  in  a  stvciitn  of  oblorine  a  iiiixture  of  t^^iml  parta  of  finely  powdered 
mctnilie  rhoiJiuiu  ami  poijisHium  chloride.  The  null  ha«  a  tine  red  eolor*  ia 
soluble  in  waicr,  and  crysiallizcs  in  fonr-«ided  prisma  Rhodium  and  sodium 
ehionde^  Rl»jClg.*5NaCL24*)H,,  is  also  a  very  beiiutifyl  red  f<ult,  prepared 
like  the  last.  The  ammonium  salt,  RiijClj.  BNlI^n .  3f  IH^,  obtained  by  de- 
composing the  Kodium  saU  with  sal^ammoniiiti.  erystnllizes  in  ^no  rhoinbo- 
hedr»l  prisma. 

RiiomrM  Oxri>£8. — Rhodium  forme  four  oxides,  containing  RhD,  RhjOj, 
RUO.^,  and  RiifV 

The  monondr,  RhO,  is  formed,  with  incandeflcence.  when  the  hydrated 
sesquioxide,  HhjOj  30ffj,  is  heatt'd  in  a  platinum  crtjcible*  It  is  a  dark- 
gray  aubstance.  perfectly  indifferent  to  aeids. 

The  fffnqmoTtdf.  or  rhodte  oridf^  Rh^O,,  obtained  by  heating  the  nitrate,  is 
ft  gray  porous  niaes  with  metallic  iridef^cence;  insoluble  in  ncids,  eusiljr 
rc«Juc'ed  by  hydrogen.  It  forms  two  hydralei^ ;  RbgO^JjOIIj,  or  Rhll/*., 
objlained  by  precipitating  a  solution  of  rhodium  ntid  Htiflimni  chloride  witk 
potash  in  presi^nee  of  akohol,  and  RhjO^.TiOlL  or  KtiHj<>j.OHj»  formed  by 
precipitating  the  same  ?alt  with  atjueous  poiash. 

The  dioxidf,  RhO^,  obtained  by  fuj^iug  pulverized  rhodium  or  the  sesqiu* 
oxide  with  nitre  and  p4ttaab,  and  digt'riting  the  fused  mass  with  nilrie  acid» 
to  diiiaolve  off  ihc  potash*  is  a  durk-brown  substance,  insjnluble  in  acids. 
When  chlorine  is  pas.*ied  into  a  eolution  of  rhodic  pent nhyd rate,  RhjOj,r>tHlp 
a  blttck-brnwn  gelatinous  precipitate  of  the  tri hydrate,  RbjOj-*iOHj,  ia 
formed  at  first;  but  this  compound  gradyally  loses  its  geiatinous  consistence, 
becomes^  lighter  in  color,  and  is  finally  converted  info  a  green  hydrate  of 
the  ilioxide,  RhO.^/20If,,  The  alkaUne  solution  at  tJie  eamo  time  aoqulres 
•  deep  violet -blue  color. 

Tritixidf,  RhtJj.  —  The  blue  alkaline  aolution  above  mentioned,  depoHita, 
after  awhile,  a  blue  powder,  bet  omtng  green  when  dry,  and  yielding,  wlien 
treated  with  nil  ric  acid,  a  blue  flocculent  aubstancc,  consialing  of  the  tri- 
oxide,  easily  roduoed  to  the  dioxide, 

RHonir  SfTLPHATK,    fSO^\Rh,  12nH^.  formed  by  oxidiiing  the  sulphide 
with  nitric  acid,  is  a  yellowish- white  crystalline  mnsj<,     Potatsio-rhodic  *«f-  i 
phitte^  |S()^),RhKj,  is  a  reddish -ytdlow  crysitallinc  powder  formed  by  adding 
sulphuric  acid  to  a  Holution  of  rhodium  and  potassium  chloride. 

Ammoniacal  RnoTiTFM  CoMPiiiTNns.  ^ — An  nmTnomo-rhlondf,  lONITj^RhjClfl, 
or  [N^(H|4Rh''"^iNU4)^]"U'l^,  i«  obtained  as  a  yellow  crystalline  piiwder  on 
mixing  a  dilute  ^ohition  of  rhodium  and  nmmonium  chloride  with  excels  of 
ammonia,  and  leaving  the  filln-pd  solution  to  evaporate.  Th©  corresponding 
nxido,  IONH,,Rh/)j,  obtained  by  heating  the  chloride  with  silver  oxide»  is 
a  strong  bas^e,  from  which  the  sulphate  and  oxalate  may  be  obtained  m 
crystalline  form. 


Rhodic  salts  are,  for  the  most  part,  rose^colorerl,  and  exhibit,  in  solution, 
the  fallowing  reactiunH:  with  hffdrntfru  nulpfndt^  and  nmjnonium  tmjphulr,  n 
brown  precipitate  of  rhodic  sulphide,  in!>oluble  in  excefl?^  of  ammonium 
sulphide;  with  ^^oluble  »ulphiu*,  u  pale-yellow  precipitate,  a  (fording  a  char^ 
aclerit<tic  reaction;  with  potrtMh^  a  yollovv  precipitate  of  rhodic  oxvd^, %«»\v\- 
bls  in  excess;  with  ammonia  nnd  with  oikt^hnt  tavhonaitu^  ^.-y^tWovs  Y'^vc\\f\V^V% 
sfl9F  «  while.  So  preeipitnle  with  alkaline  cliVotidca  ot  m^x^i^xV^i  <i^tsxsAA»- 
Jfmt  preefpitatea  metallic  rliodium. 
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An  alloy  of  steel  with  a  small  quantity  of  riiodiom  is  a&id  to 
tremelj  valuable  properties. 


IBIBimL 
Atomic  weight,  198.    Symbol,  Ir. 

When  erude  platinum  is  dissolved  in  nitromuriatic  acid,  a  small  qoaatity 
of  a  gray  scaly  metallic  substance  usually  remains  behind,  having  altogether 
resisted  the  action  of  the  acid :  this  is  a  native  alloy  of  iridium  and  osmium, 
called  otmirklium  or  nidotmme ;  it  is  reduced  to  powder,  mixed  with  an  eqoal 
weight  of  dry  sodium  chloride,  and  heated  to  redness  in  a  glass  tube, 
through  which  a  stream  of  moist  chlorine  gas  is  transmitted.  The  &Tther 
extremity  of  the  tube  is  connected  with  a  receiver  containing  solution  of 
ammonia.  The  gas,  under  these  circumstances,  is  rapidly  absorbed,  iridium 
chloride  and  osmium  chloride  being  produced:  the  former  remains  in  cooi* 
bination  with  the  sodium  chloride:  the  latter,  being  a  volatile  sobstanee,  is 
carrieil  forward  into  the  receiver,  where  it  is  decomposed  by  the  water  into 
osmic  and  hydrochloric  acids«  which  combine  with  the  alkalL  The  contents 
of  the  tube  when  cold  are  treated  with  water,  by  which  the  iridiiim  and 
soiltum  chloride  is  dissolved  out :  this  is  mixed  with  an  excess  of  sodium 
carbonate  and  evaporated  to  dryness.  The  residne  is  ignited  in  a  crocible, 
boiled  with  water,  and  dried ;  it  then  consists  of  a  mixture  of  ferric  oxide 
and  a  c<^mbin«iion  of  iridium  oxide  wi:h  $o*ia :  it  is  reduced  by  hydrogen 
at  a  high  temperature,  and  treated  successir^ly  wi:h  water  and  strong  hy- 
drochloric acid,  by  which  the  alkali  and  the  iron  are  remoTed.  while  me- 
tallic indium  15  left  in  a  finely  dir-ded  state.  By  sStvec  f  ressure  and  ex- 
posure to  a  white  heat,  a  certain  decree  of  c^^s-pACtness  niay  be  communi- 
cated to  the  metal.* 

Iridium  is  a  wh::e  Vr::t>  c*?*-.  f'.:si»  *:ti  great  d-ffc^ty  before  the 
oxy-hT>iro.<reB  Wowptp*.  IVT*/.*e  ar.i  IV^ny.  ^t  se^a^s  cf  tlieir  powerful 
oxy-hjdrv>frea  Kast  fuTTia*^.  baxe  fsj««d  ::  ^:=r'.«?eiT  is:*-  a  f-cre  white 
■tasa^.  V«*fTaK:rj:  j>.*!:si:«d  <5e*l.  ^r:::>  tr  :i<  <N;ci.  «».it<wii:  ma!!eable  at 
a  Tt^i  hea:.  ar..i  i:«r:-^  a  i^ssi^y  *»-:sa:  ::  li*:  :,f  jUsitMSL.  vij_  21-15, 
:ilS  Hare.  By  Tt.':*:^r,:r.^  ;i*  r-ci'.titrsi'fai  iL4-:.kl  *i:i  a  saaa!!  quantity 
<4'  '^%'*tr.  XyVttsiT.fi  '.\  Vir>.:'^.  fr*5  >«rt»yyi  *'^*r.Tf  P*!"*—  "J^**  very  fv>rci- 
Ky  ia  a  yrew..  a:-i  ca>-.T;T^  *:  %\  a  »>.:;*  i-r*:  -x  a  f.'rpr-lre,  it  may  be 
oV;*iT.o5  :t.  \\t  f.-m  .'f  a  ^.-ffiTUfc^-^..  'yry  Var£  iijk$«^  nTt&K-e  <t  taking  a 
|r»*<».^  Ts'.'. ".*>..  V;-.i  s:."  ^-^ry  T«:r.*«*^  *7?£  ;'  a  ^f^.js:Ty  t;c  «-Xf«*fiisig  lO-O. 
.\ft<r  «r.**|:  -.^7  ::-.,•«:  :j  -.*  :i.*i:  .t>.''*  :t  kV.  a.- 'ilk  >ixt  '•ifx  redsred  by  hy- 
ir.*«|rt<r.  *:  *..«  :/7x.T<rji:*.TVK.  -i  .-.v ■?.*..?»  *'^*  7  %^  k  7H»i  J:Mm.  as!  disMilves 
in  I ;iTV-Trk.r:  *:.',•  j^r^i.  1;  »  uwift.'.x  ?«*<ifftf5^t  **/."'i.>u*  "iy  fmeng  it  with 
»iirf  *T'.i  .-Ji)2<c:if  T».»iJ»*4>.  «  >t  71. A .7,^  .'J  VI -i;!  t*tm.-nun.  st'ii.  re- )«K3eT.  with 
a  7t.;\;i;.rr  .*>:  i).«  «'!.'•  .'C'.'.'r-f  />:  7«f*'Si^^?*.Ti  a»L  tu^c.un^.  aD&  i^nionig  it  in  a 
ra-rrf-T-s  ;.:'  ♦••iV.TM.rv  a*-  *>»/»•*  /,Ts»;r.>»*»«i 

T».*«tr.ris.  .fc^i.K'L  .;  i>  >•  **i 'tii.  a*  .r  '•.''•..  1"?^      .4i<  i^uiuua  rfm^jtoiiiidss.  in 

ItCT, 

a7«&  .V-f  t^'dt:  r/i»T,T'MiT>iK    t.  vKi,-'V  h  t>  ahw  onartr.'«fclc»n-...  as  ia:  1ti\. IrOj. 

*  «><ni/-^<l<ifn,    h'^'t^'in.  c*^••^l^   .■^Kitwiw  tiktrltinH,  ^^iiKtiiiitit.  am   ••fh<r-  iHMiai^  ftf  llw 
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&0.     It  Appenrs  to  he  moap&blc  of  utilttng  with  more  than  four  aloius  of  a 
monad  element,  unci  is  therefore  r^gurded  as  n  tetrad**     It  forms  ako  & 
irioxide,  Iri\,  in  whicb  it  is  appareutjy  sexvnlent,  but  the  oxidu  maj  he 
O 

represented  b;  the  formula    Ir    ,  in  whicli  the  metal  appears  also  to  be 


A 


L 


0 — O 
quadrivalent, 

CHU)aiPEii.'*Iridium  appears  to  form  three  chlorides,  but  only  two  of 
them  —  namely,  the  trichloride  and  tetrachloride  —  have  been  obtained  in 
definite  form. 

The  tMchhride,  Ir^^CI^  is  not  known  in  the  separate  etatc^  but  appeam  to 
exist  in  certain  double  salts,  called  hi/pochloriridita. 

The  trichlortdf  or  Iridiou*  ehloritk,  Ir^Clj,  la  prepared  by  Blrongly  heating 
iridium  with  nitrer  ailding  water  and  i'uougb  nitric  neid  to  Aaturtito  tho 
alkali,  warming  the  Ii^ixturt^  and  then  di^s^olving  the  precipitated  hydrate 
of  the  sesquloxide  tti  hydruchloric  acid;  it  forms  &  durk  yelluvviah-lirowii 
solution.  This  substance  combines  with  uUier  metallic  chlorides,  forming 
compounds  called  iridoto-chhridts  or  chtoriridift'ty  wbii^h  may  be  prepared  by 
reducing  the  corresponding  chloriruliales  with  eulplmroua  acid,  hydrogen 
sulphide,  or  potai^siuin  ferrocyanide.  t^laua  has  obtained  the  compounds 
lr,C!^GNH/"t  (iOHj.  IrjClfiJiKilJiyH,,  and  Ir,CV^XaCL240Hg.  They  are 
olive-green  pulverulent  sali8,  soluble  in  wjitcr. 

The  tetrachloride^  or  Iridic  chhtidt^  ItCl^,  is  obtained  in  Bolution  by  dis- 
BolvLng  very  finely  divided  iridium,  or  one  of  its  oxides,  or  the  trichloride, 
in  nitromuriatio  aoidt  and  heating  the  liquid  to  the  boiling  point.  On 
evaporating  the  solution,  it  reniHina  in  the  form  of  a  blacky  deliquescent, 
amorphous  mass,  translucent  wilh  dark-red  color  at  the  edges;  Boluble, 
with  reddish-yellow  color,  in  water.  It  unites  wilh  alkaline  chlorides, 
forming  compounds  called  indiot'hloride*  or  ckhriridiaffx,  anulngoua  in  com* 
posiiion  to  the  chlnroplati nates.  The  ammimmmsuU^  Irt'l^.lINllit'lXHIy  and 
tXkii potoMsium  9alt,  IrCl|/iKfJl,  are  formed,  as  dark-brown  eryt*talline  precip- 
Itatea,  on  mixing  the  solutions  of  the  component  chlorides.  The  potftssium 
salt  may  also  be  prepared  by  passing  chlorine  over  a  gently  igniied  and 
finely  divided  mixture  of  iridium  with  pot^insium  chloride.  It  Is  soluble  in 
boiling  water,  and  crystallizes  in  black  octobedrons,  yielding  a  reil  powder. 
The  Modium  imit^  Ir<]')^.2NaCLttOH\f,  prepared  like  the  potassium  salt,  forms 
easily  soluble  black  tables  and  prisms,  isomorphoua  with  the  corresponding 
pUtinam  salt. 

loDtPis.  —  Iridium  forms  three  iodides,  Irl,,  lr,Tj,  and  IrT^,  nnalogoua 
to  the  chlorides,  and  yielding  similar  double  salts  with  the  iodides  of  the 
alkali- metals,  f 

OxinKS. — Iridinm  forms  four  oxides,  IrO,  IrjO,^  TrO,,  and  IrOj,,  The 
mtmoxtilt,  or  hypoiri<tiou»  oxide^  IrO,  U  but  little  known.  It  is  obtained  by 
irrecipitating  an  alknline  hypochloriridite  with  caustic  alknli  in  an  atmo- 
sphere  of  carbon  dioxide  (p.  ]li6);  but  on  exposure  to  the  air  it  is  quickly 
converted  into  a  higher  oxide. 

The  actquioiidff  or  Iridiou*  oxide,  l^a^s*  ^^*^  formerly  regarded  as  the 
most  easily  formed  and  most  stable  of  the  oxides  of  iridium;  but,  according 

•  A  1i«!u.li)ori<U»,  IK7I|,  wad  tald  bj  B^ntfUofl  tf)  bfl  nbttUQc4  In  <»mWti.%V\oti  ^\>a  ^nXmi^xau 
cblortde  by  toiang  iridtrnniut*  nith  fjJrn>;  Ua  luCMrditiK  lo  C\n«*,  iW  wiU  V\\w%  VyrmvA'w** 
jpm^m  r»itt0ttiam  eotuponutl,  iuk^ing  l»©en  pr«tpiu'«d  by  Beno\iu«  tTom  VtidcMtiAw*^  ^u^w^tivvi^ 


t  Om^,  mtrdHlodverUndHngtH  dn  Irtdivm*.     O^ttlngeiH  1»W, 
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to  Olaiifi.  it  has  a  great  tendency  to  take  up  oxygen  and  pass  to  the  state 
of  dioxide.  It  niAV  bo  prepared  by  genily  igniting  a  mixture  of  potassium 
ohloriridite  ^Ir^i'l^.tiKtM)  with  sodium  curbouatc  in  an  atmosphere  of  car- 
b«Mi  di«)&ide:  on  iroaiiii^  the  product  with  water,  the  sesquioxide  remains 
iu  I  ho  l\»rm  of  a  black  pttwder  in^ioluble  in  acids.  It  forms  two  hydrates, 
IrA^,  oOU^  and  Ir^O,  TiDli^  It  unite!»  with  bases,  forming  salts  which  may 
bo  o:i:lod  tnaiUf.  A  voluiiou  of  a  chloriridite  in  excess  of  lime-water  de- 
posits. Ai^or  :!itauding  for  »ome  time  out  of  contact  of  air,  a  dirty  yellow 
prooipitato  ooniaining  Ir^.i^'^^'**^*- 

fho  St  rti^,  or  /'hhc  <«xi./'.  IriU  is.  according  to  Claus,  the  most  easily 
proparod  and  nio^i  stable  of  all  the  oxides  of  iridium,  and  is  always  de- 
pi»si:od  in  the  form  of  a  bulky,  indigo-colored  hydrate,  Ir<),.20H^  when  a 
solution  of  oil  ho  r  of  tho  ohlorido?  of  iridium  or  their  double  salts  is  boiled 
\\::h  an  .ilkaii:  but  it  always  retains  3  or  4  per  cent,  of  the  alkali.  The 
h\  xir:*: o  v.'.:»y  a' so  bo  obtained  by  dissolving  the  hydrated  sesquioxide  in 
]%':;*<h  aT'.l  iro-itinj:  iho  solution  with  an  ocid.  It  dissolves  in  acids,  form- 
iv.;:  so';:!:t'ns  \%:Koh  are  dark-brown  when  concentrated,  reddish-yellow 
\*:u".:  a;*. '.1:0 

r:;i'  ..  ;*..  i^r  P'.-.  :i:  •■-ri\/-.  Iri^j,  is  not  known  in  the  free  state,  but  is 
fVr;-.u.i  ;:;  vvr.-.Mr.ation  with  potash,  when  iridium  is  fused  for  some  time 
xt-.;';i  M-.:ro  Vho  ro>;:l:;ng  blaokish-grovn  mass  dissolves  in  water,  forming 
a  «u'rp  r.i.lijro  oo'.'rod  solution  of  basic  potassium  periridiate,  leaTing  a 
V;.i.\  »'r_\ >:.',*:  no  j^^wiior  oonsisiing  of  acid  periridiate.* 

I*.  .u;;*v..  *:ko  ::-.o  « '.Uor  p'tiimnn  metals,  shows  but  little  tendency  to 
f.*r^:  x\_\j:on -<;•*.:>  Tii-.*  ov;  los  .iis>olvo  in  aoiJs,  but  no  definite  salts  are 
»V.*. -.i  i  ;;•.  i'...*  WAV.  Tho  sv*.;:::vu  of  iridic  oxido  in  sulphuric  acid  has  a 
»•  .:\  V:,\i!'.  *-,•'..  r.  v\;;-.v-:;  is  n,i:  niv.liiiod  by  poia<li  in  the  same  manner  as 
i;  .»:     *  ."..'  .:■....;  r:  ;o.  r.o  :V.or  K-os  ii  yioli  any  blue  procipiiate  on  boiling. 

I...'.'  '\  .ior^.:..:o  ,  \\  J:^•:•.-^,l■:s  ^f  iridium  that  have  been  obtained  are 
X*.,-.  '",•  '^.'.■.*  k'.'::.\::v.::-  '*..':  V.u'.v".:?  :ui'l  diihi--nio  aoids 

«...    :»■.*.",.  ><»jlr'.;'St^,K;.  is  obtained  as  a  white  crys- 

■.  .'  ..  •.-.xi  .icr.  u^.t*:;  :^.i,'  •.:.,vhor-:;.|«.:or  obiaiuo<l  in  preparing  potassium 
»    '••  ■*'  '*  v*^>-*V  *.■•*:  i.ur.us  «'\:io  thri.ugh  a  solution  of  the  chlor- 

•.i..:   ».,■      *  ox  a;  ,-.i,o.i  :.'  a  ^;v.:i'.l  bi:*.li. 

S;  .v»;«.  .-»*        X.rcs*  s*,;'.y:.;.ios  of  iridium  are  known,  analogous  to  the 

^:^    .    :  .-0   .'\- ;.'<   s,*.    xo   iit>.riicJ.      Tho  ^•«."mj'»../'h<iV  and  ditulphide  are 

»•■    ^  ■,-.**  V:  ,-.•  V.  V*.^.^V.  yrtv;; ::  iios  by  Trt-atinp  the  solutions  of  the  tri- 

.  .•  <■'..•.  .»-.  V  *,■....:..■  o  TO >;  I  c : : \  0 '. \  w : :  1:  \\\ .i rogo n  sul ph ide.    The  mono- 

.*   ♦*!;   4»  >.*.  >..^»W  'i:;^<:.^r..*o  «:^.  tainei  by  decomposing  either  of 

•  »*       K    .■*  >■•  .  .  .;.>  :•..  A  v"..*so  ^o>sc'.. 

\\x.'\  *,  *\  *\v-  •.  \  >  :r  U-.r-.vv  —The  .;--.■  •5iV.-f.^//>nrf/'*.  N,H,Ir" 
\  •  ^,"-      ■"^'       ■'.^■•4''      NH^  T'.^  iiiTttl-.or  with  the  corresponding 

*  "       •  ■■    ,  ■••■4. ,  .  ■  v;'  •    ;•  ^  ■  ,-.  •     ..so  ::.i  blinds  of  analogous  compo- 

.^    ■■-.•    r-.-i     V,-     r.   ::...r  yr,:  or:ios.     The  mtraU^rhtondf, 

.^      ,         ^  \       \»'.,  ,      A'-.-i".   jj   .■>:,  ii*»s  y'.atia am  nitrate,  is  formed  by 

■■•■    \.'.:^ '.:•»',.  \i  .:h  >;r.!.c  :-.:rr:o  acid.      TV/r.jwmt.wio-irifAV 

^,       ■  ^   . '  .^  ■  I-  i  .s>  A  v-,/'.i:  precipitate  b\*  treating  the 

■  .  w   .  .  .  \  Ir    ,'..'/r.,-  *v*' ;  + 

N  ■,-  s  ".^     -  .N,»lJr       Ml^  .]'",CV  <<*«^**i<^*>»^«" 

*    ■  ''■.7.4 >.  .*  ,V'.  i-.r.oi  IS  a  iicsu-colored  crys- 

'    ■     ^   .  ji.  .•■.<.■>.'..•.■:  ."f  s::.r.-.niv.ni  chloriridite  with  warm 

'  '  ^  ^       '•    .'   . .  • : v^ ;•■  .■  V. .*. . :: i:  ," a t V- , :; a ; 0 .   c i : rale,   and   sulphate 


Iridic  HolaUoBS  fcontJiining:  the  dioxide  or  tctraehloride)  nrc*  of  a  dark 
rowti-red  color;  iridious  aulutious  (coutaiaiug  the  sesi^uiuxide  or  iri- 
kloridc)  liAve  &u  oli¥e->green  color.  The  cbiiracter»  of  an  iridic  ftohiiiou 
re  best  observed  with  tfodium  clilorindiat&f  uLl  the  other  iridic  coiupounds 
feing  but  slightly  soluble. 
Iridic  solutions  give  with  ^HnmiMittMfii  or  potamum  ekUride  a  crjrstftUine 
recipitHte  of  ammanium  or  potaaaium  clilortridiate,  which  is  dtfltiaj^uiHhod 
Dm  the  corresponding  platinum  precipitate  by  iia  dnrk  brown-red  color, 
id  further  by  its  reduction  to  soluble  cblorLridite  when  treated  with  solu- 
uii  M'  hyUrogeti  sulphide.  This  reocUoa  serTcs  for  the  sepikratioii  of 
^dium  from  platLnuiii* 


Atoiraic  weiglit,  104.     Symbol,  Rti. 

Tbis  metft!,  discovered  by  Claua,  in  18M,  occars  in  platinum  ore,  and 
lliefiy  in  osroiridiiim,  of  which  there  are  iwra  vurieiies  —  one  scaly,  cout^tist- 
Bg  almost  whuUy  of  owiium,  iridiuDi,  and  ruthenium,  while  the  other, 
i^hiob  is  granular,  cotitalns  but  mere  traeef^  of  osmium  iind  rutbeniuuip  but 
[  very  rich  in  iridium  and  rhodium.  To  obtain  nitheniuni*  Kcnly  o*miri- 
dium  is  heated  lo  bright  redneae  in  a  porcelain  tube,  through  which  a  eur- 
rent  of  air  (frecfl  from  carbonic  ncid  by  paKPiuf^  throiigb  poU^lr,  unil  from 
rganic  matter  by  piis^ing  tbruugh  oil  of  vitriol)  is  drKwn  by  means  of  an 
ipirator.  The  osmium  and  ruthenium  are  thereby  oxidized,  the  former 
eing  carried  forward  asi  fetroxide  and  condensed  in  caustic  potash  Bohrlion, 
liile  the  ruthenium  oxide  remains  behind^  together  with  iridium;  and  by 
«iiig  this  residue  with  potassium  hydi^ate,  treating  the  mat-s  with  water, 
id  leaving  the  lif|nid  in  a  corked  bottle  for  about  two  hours  to  eljirify,  an 
ange-colored  solution  of  potussium  mtheniate  is  oblaiiied^  which,  wlien 
euiraliied  with  nitric  acid,  deposits  velvot-blafk  ruthenium  se<*quioiide, 
id  this  when  washed,  dried,  and  ignited  ia  hydrogen,  yields  the  tneliil. 
Ruthenium  thus  pn^pared,  forms  porouft  luuips  very  much  like  iridium, 
Dd  is  moderately  easy  to  pulverize.  If  is  the  mo^t  refracfory  of  all  metitU 
KcepL  o^tmium.  Deville  and  Oebruy  have»  bowevcr,  fused  it  by  plaeing  it 
I  the  boMesft  part  of  the  oxy-hydrogen  fi»uio.  After  fusion  it  bas a  density 
tt-4;  that  of  the  porous  metal  is  8  6. 

Uuthenium  ifl  scarcely  attnckc^d  by  iiitrorouriatlo  acid.     It  is,  bowever, 

ore  ca!«ily  oxidiicd  than  platiniitii,  or  even  than  ailver.     When  pure  it  18 

%»\\y  oxidijtod  by  funion  with  potassium  hydrate,  ptill  more  easily  on  addi- 

on  of  a  »maU  quantity  uf  nitrate  or  cblorate,  producing  potaesiutu  ruthe- 

Kliate^  which  dissioIveB  in  water  with  orauge-yeHow  color. 

CnLCiaiDBS.  — Rntbenium  is  a  telrad,  like  the  other  platinum  metals,  and 
orms  tbree  chlorides,  liuClj,  Ru^^Clg.  and  RuCl,- 
The  dichlondf.  Rull!]^,  is  produced,  together  with  the  trichloride,  by 
rtiting  puUerixed  ruthenium  i»i  a  stream  of  chlorine,  Iho  trichloride  then 
olfttilizing.  while  the  diehloride  remains  in  the  form  of  a  black  crystalline 
'nr,  iuaoltible  in  water  and  in  all  aeids,  even  nitro-muriaiic  acid,  and 
irtijilly  decomposed  by  alkalies.  A  soluble  diehloride  is  fcrmed  by 
su^phydric  acid  gas  into  a  solution  of  the  ineltloride,  a  brown  sul- 
bid«  being  then  precipitated,  and  the  solution  acquiring  a  5n«  blue  coUir. 
The  trichloride  or  Kuthfnimit  diloridf^  Ru^Cj,  prepared  by  prect^UftUix^ 
fioUilion  of  pot-a^sic  rntheniale  with  an  acid,  d\8s^o\\\T\¥^  V\\e  '^Tvc\"VA\ift\*\ 
ilflclc  niido  in  hydrochloric  ncid,  and  evaporatVng,  \a  a  yc\\«av*  A\Y&vn\.  tv^*- 
'Uae,  rerjr  deJIquescmi  massi  beconoing  dark-grifietk  ^u4 \iV\x^  B^  ^'^^^'w^. 
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point !«  when  Mronply  heated.  It  dispolves  easily  in  water  and  in  alcohol, 
loaviiii;  h  small  tjuaiitity  of  a  yellow  insoluble  salt. 

Tlu'  c»Miooniraiod  solution  of  ruthonious  chloride,  mixed  with  eoneen- 
tv»tod  M»hiiions  of  the  chlorides  of  potassium  and  ammonium,  yields  the 
«iouh!o  >alts.  Un.rif.-IKOl.  aud  Ku2(^le.4NIl4ri.  in  the  form  of  crystalline 
prooipitaios,  with  viulot  iridescence,  very  slightly  soluble  in  water,  insolnble 
lu  aU'i^hol. 

rho  r«'r''iit''..'.>ni/{»  or  Ruthrm'e  chloride.  RUCI4,  is  known  only  in  its  double 
salt*.  The  i-.'M,«.«if;ni-jtj/r.  RUCI4  -KCl.  is  prepared  by  mixing  a  solution  of 
rtiiheuio  hvdrato  in  hydrochloric  acid  with  potassium  chloride,  and  eyapo- 
r»uni:  to  iho  crystallizing  point.  It  is  brown,  with  roae-colore<l  iridescence, 
Tory  <.'Iub!o  in  u*itor.  b\ii  insoluble  in  alcohol.  The  ammonium  tall, 
\\\x\\  'ZS 11/*'..  is  propuroil  like  the  potassium  salt,  which  it  resembles  closely. 

0\;v»:s.  —  UuihonU;:n  forms  five  oxides,  vii.,  RuO,  Ru^O^  RuO^  RuO,, 
ar.l  U;;v\.  ;V.o  '.xi'.rih.  I-..*\vovor.  being  known  only  in  combination. 

V -.0  -s  '    :.;■,   liui>.  fb;ainod  by  calcining  the  dichloride  with  sodium 
oivV.";*.o   :r.  a  v-.;rrt:i:  *t"  carbon  dioxiiie.  and  washing  the  residue  with 
x»  ;:.'v.  V.t<  A  .:.,•  V- -rAv  Cv^.r  ar.vl  moiallio  lustre:  is  not  acted  upon  by  acids; 
V..-.  .^  !\  ;.:.-.■  *.  V\  ":._%  tr  ;;i-n  a:  or-iiiiary  temperatures.  —  The  Sfrguiuxide,  or 
J\  .  '   ■     *5   .  .   :  .  K.;  «»,.  IS  a  Kaish-V.ack  powder,  formed  by  heating  the 
v.'»-  t'.  •:;   ".:.*•  AT       V..0  c.rr^>;on<iin^  hydrate.  Ru/\.oOH,  or  RuH,Oy  is 
v.-  .«...-.:  V,x  ::.>.-  v  :*'  *..^  ru:ht T.ii'.is  chloride  with' an  alkaline  carbonate, 
A"  «  V  i,  X  *\  >'..":.  >  Vs:. •»:-.." e  t»":.:jh  dissolves  with  yellow  color  in  acids. — 
1 .  0        .         .  r   .-.  .  .    '  .  l«v.« ',.  :*  a  b'.Ack-Mue  powder,  obtained  by 

v.'<.x      V.  .:  ,■   .:  *..';■  .  U-       .•. ,  ■:    .  ■    ■.    :'-»:,v,  KuOj--C»Hj.  or  Uu'^H^O^.  is  ob- 
.*,.:.  t^  *  c. '  «i    :.,  ..^  *. :  4V  -■.  .■  :.'.o  ^y  .ic .■c^.pos-iDg  \  ••tassiun:  chloronitheniate 
*i      .  X. .......  .-X  ;■.-.•..  iu-   -     v..  I    -    -.-';.  Kui^,.  CO  niii;  only  called  nil*  A^«i>  cirtrf, 

r>  X-.  .'»» .'  ,-  ■;»  .4^  *  •. .  .j.x>  .,:■.. ->i'.:,  "fc -.iw-h  :*  itiair.eJ  by  igniting  ruthenium 
^./..  ,»,,■».,  '. ,.  v>.\  A.  ,  v.r,  .  •.:  :.r:v.<  as  rraaco-ycliLW  solution.  —  The 
U  v\  -^  *  * .  .^  .  ,•  ».■":.:.:■..:.  ar.-i'.v^- u*  to  osmic  letroxide,  ob- 
:  *  ,'  .  V»  ,  s  .jC  : ..  ::  ..-.v.  *:  ..  *.  :a>>,  iz.\  !:::re.  in  a  s:lTer  crucible,  dis- 
*>'■»     V  ''.,.  '   ^iv>    ■.  .».'...-.  a:.;  ^af?:r.^  ci:'i.rii:e  iLroiigh  the  solution 

•  .   «       V     *  ...  -v..  -.  .  , .  •  "■,.«■.  ^jk  a  *-.r.:ir.*;r.^-:ube  «::h  a  receiver  con- 
t         s   ■.  .   ».*         '.    •■    .  .'■■  \     f    -.;r.  '.vissi:*  .ViT  ar.i  condenses  in  the  neck 

.    'v  .    ..  .*•  ■-  '.■    .."ix.  *>  i  *:  ■  ;fr.-y<'":w  cry sialline  crust,  which 

•  .  'i  *•,•*•,•-■  .>.  '  *'  .  .-"  *.:  •-*  rttv.iT  :iA=.  cil  of  viirioL  dissolves 
^  ,. '  *  «*  .•  '\  i -.  *  V  :%  ■>.ci"..T.w*  4,-L.:.  :,  rniir-g  a  solution  easily 
..,s^     .s  -,x,  ■:  *  *  ,-.    .     >..  •.  :  .-:■,..*  A,-.i..  ani  .""-tr  wsiuciag  agenta. 

N  ■»*        *■.*.*  •\i\"*   *  *■.■•    'j.  7.1**,'^'.  ■--::  a  <:'.j'.::i:  of  either  of  the 

,  ■*  ,*  .  •  .*  '*.*■-**  * -.  ^v  '.    k-.c  r.r-<:*::r.f  of  ruthenium 

*     ,'   •  .        yt-*  .-        \  •:  *     •    ••^•i  *.■.'.:  >-r      Tie  ^ *.ue  solution  of 

.^   .     *  .     '" V  '  ■.  ^v  -■*.  ..^. '• ":    ":.  K-.:r>,    When  hydrogen 

•  .     ^    ..»xx...  ,        .^^        ;        .   *  *    ..:.  T.  .f  z'£c  :r:v"i'or:do.  ruthe- 

\   >      -    .   •-.•.   k?  A ': :.  ■  I.-;.  tV.,  w  rr€v':p::*ie,  beconung 
.■ «  \  r  \  ••     ! «  , »  .     \ 

V\s.  \   \.  »      \    •  *>\     \   .  "x  ■»•   x-.<.  —  "  — .-TTTT  .7  •.-ft»p--fc::l-^j?'.-k*  cWor- 

iN     ^  s    ,  N   .     S.        N;-      '"."■.  H*::-  "*  :orr:ei  by  boiling 

' ,   '  .,.•..  >!   \  »  .  '  •«.    if^  C  t    >V.  ."  ^  iSH/".  .  with  ammonia. 

«  ,.      .  .  »-,       •.  *^    ..,•■'    f.  r. :  ,-->>t  x".ik  ^*ry  *.'ur>  in  waier.  in- 

V  ,    .  •.         '.vt  .•»     •     «  V   ••:-  .-v-.i*    :tt.-".-.s  ::.e  cjnYSwnding 

.  \     ..    k\     ,  <     \   -  i     »      ...,,...      *    ■  .;.  .r.-*....*f.i   >T  <T*r-:r»:i"n  of  its 

.     ,   .*     ,     f  «  ,        X  ,....*..•.-•    :i^  7 f    *f  .■^'rr-.ur.i -NH^RuO. 

\      .  N         .'       '  )     .  *   v..  *  ,■    ,.-•«..:%.-.:  s.-"*.  ^■•--  :Va:::«-i  by  treat- 
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The  compounds  of  rtitbcnium  may  reftdily  be  distinguished  from  ihoBC 

of  the  olher  |datinum-uictal8,  by  fuHiug  a  few  uiilligrauimes  of  the  sub> 

Bt4iaGe  in  a  pliitiutim-apuon,  with  a  htrge  excess  of  nilre,  leaving  it  to  cool 

when  it  cea^e?  to  froth,  and  dii^Hulvitig  ihc  cooled  inii^ji  iti  a  Utile  distilled 

wilier^     An  oniiige-yellow  soliilion  ofpotasiiium  ruihenitite  is  thus  formed, 

which   on  addition  of  a  drop   or  two  uf  nitrio  acid,  yields  a  bulky,  bluck 

ftrecipilAtc;  and  on  adding  hydroehlurto  BCjd  to  the  lifjuid,  with  the  pr©- 

llpitaie  liill  in  it,  and  heating  ir  in  a  porcelain  crucible,  the  oxide  dissolvcB, 

Wming  a  solution  which  has  a  lino  orange-yellow  when  con<?«'ntraled,  and 

iheii  treated  with  hi/dro(;rn-tulpMde,  till  it  bi'coniea  nearly  black,  yields  ft 

Utrate  of  a  splendid  eky-blue  color,     Chiirnei«riHtic  reactions  jtre  ul«o  ob- 

Mned  with  pofatunum  snlphon/anuff,  \vhiuh  colors  Ihe  liquiil  deep  red,  change 

Dg  to  violet  ou  heatmgi  and  with  Imd  aceiaitf  wiiicfi  forms  a  piirple^red 

reoipitato. 


m 


OSMITTM, 

Aiomio  weight,  190.     Symbol,  Oa. 

The  separation  of  this  metal  from  iridium,  ruthenium,  and  the  other 
metals  with  which  it  ia  associated  in  native  osmiridinm.  and  in  platinum 
residues,  depends  chiefly  on  its  ready  oxtdiitioo  with  nitric  or  nitromuratio 
acid,  or  by  ignition  in  air  or  oxygen,  and  the  volutiltty  of  the  oxide  thus 
produced. 

To  prepare  metallic  cnmiuni,  the  solution  obtained  by  condensing  the 
Apor  of  osmium  telronide  in  potash  (p.  H85)  is  mixed  with  excef^s  of  hy^ 
ochloric  acid,  a.nd  digested  with  mercwry  in  a  well-closed  bottle  at  40*' 
(104**  F.)  The  osmium  is  then  redyccd  by  the  mercury,  and  an  amalgam 
hi  formed,  whlcb,  when  distilled  in  a  stream  of  bydroj^en  till  nil  I  be  mer- 
cury Bud  ealomfl  are  expelled,  leaves  metallic  osmium  in  the  form  of  a 
blfick  powder  (Ber*elius),  The  metal  may  also  bo  obtained  by  igniting 
ammonium  chioro-oamile  with  sal-aranioniac. 

The  properties  of  ostnium  vary  according  to  its  mode  of  preparation.    In 

the  pulverulent  slate  it  is  black,  destitute  of  metallic  lustre^  which,  how* 

t¥cr,  it  acquires  by  burnishing^  in  the  cotnpact  s+talc,  as  obiiitned  by  Bcr- 

ilius's  method  above  described,  it  exbihits  metallic  lustre,  and  has  a  den- 

ily  of  10,     Deville  and  Debray,  by  igniting  precipitated  osmium  snlphid© 

a  crucible  of  gas-coke,   at  the  melting   beat  of  nickel  obloined   it  in 

uisb-black,  easily  divisible  lumps.     When  heated  to  the  melting  point  of 

lium,  it  becomes  more  compact,  and  acquires  a  density  of  21-3  to  lil*4, 

X  a  si  ill  higher  temperature,  capable  of  melting  ruthenium  and  iridium, 

d  volatilizing   platinum,   ostiiium  likewise  volutnizes,  but  tlill  dues  not 

lelt;  in  fact,  it  is  the  most  refractory  of  all  metals* 

Osmium  in  the  finely  divitled  slate  is  highly  combustible,  conlinuing  to 

burn  when  set  on  fire,  till  ii  ts  all  volatiliietJ   as  tetroxide.      In   this  state 

aUo  it  is  easily  oxidized  by  nitric  or  nitromuriaiio  acid,  being  converted 

to  tctroxidc.     Dut  after  exposure  to  a  red  beat,  it  beooroes  less  combus- 

iblc,  and  i«  not  uxitiiKcd  by  nitric  or  nitromurialic  acid.     Osmium  which 

9  been  heated    to   the   melling-point   of  rhodium,  doe«*  not  give  off  any 

por  of  totroxide  when  heateil  in  the  air  to  the  meltiug-poiul  of  xinc,  but 

'  oa  fire  at  higher  temperatures. 

GsMiiTM  CHLOEtnts. — Osmium  forms  three  chlorides,  AnalQtc,ou«  %<v  W^qjia 
*  iridium  and  rutbeniiini.      When   il  U  heated  vn  Av^  c\A<jv\\\«  ^\%,  \V<?v^a 
\  fftrmefJ,  firjft  a  blue-biack  sublimate  of  the  dVcliYomVc,  VVitw  i>.  v^A.  %vl\?Cv- 
ate  of  the  tetrachloride.     The  dtcMorid<,  ot  hypo-otmiova  chloride,  ^vwtf^H*^ 
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is  wU^T  with  dark  ^^»*-*^i*»«  "^liyr.  It  »  Ukew5^«  f..*^^.^^  ^j  the  Action 
9t  redaeiag  Ageiii#  on  <iie  higher  eh  I  >  which,  on  t!i« 

olher  hand,  ii  is  e4uilj  *  bj  oiidation.  ion  or  pot^^isittJii 

chloride  reod«r$  it  mor«  si»biL«,  bjr  formiog  m  double  a&ii.  The  trtcAiohdft 
ih^t\  h&9  not  b€«ii  UoUteil,  hut  U  contalDed  in  the  solution  ohtarned  bj 
ireaiiiig  the  fiesquioxide  with  hjdn^chloric  sctd.  It  forms  double  ulti 
with  »lk*line  cbloridea.  The  poUiMmMsait,  0»f\,QKCmOH^  ia  produced 
together  with  potassium  chlorosmai^,  when  «  mixture  of  pulTenzed  osmium 
and  potaAsiuin  chloride  is  ignited  ia  chloiine  k«s;  it  forms  dark  red^brown 
crjsimls, 

Tbe  tetrachloride^  or  Osmic  eMtcride^  OsCl^.  isi  the  red  compound  which  eon- 
ttiiutes  ifae  principal  part  of  the  product  obuined  bj  igniting  osmium  in 
«kloriB«  gas.  It  dissoWes  with  yellow  color  in  water  and  alcohol,  and  is 
decompoeed  quicklj  in  dilate  solution,  more  glowlj  in  presence  of  bjdro- 
chlorie  acid  or  metallic  chlorides,  yichling  a  black  precipitate  of  osmie 
oxide,  and  a  solution  of  o«uiium  tetroxlde  in  brtlrochloric  acid. 

Qsmie  chloride  unites  with  the  chlorides  of  the  alkali-metals,  forming 
ealta  flometimes  called  oiisiuiJUaw'dfy^  or  cAJorMPMlst.  From  the  solutions  of 
these  salts,  kydroffen  nlpkide^  and  ammonmrn  mlfikidt^  slowly  precipitate  a 
yelloW'brown  sulphide  ini^oluble  in  alkaline  sulphides;  tilter  nitrate  forms 
an  olire-f  reen,  ttannout  eMorkk  a  brown  precipitate.  Tamtie  and^  on  heat- 
ing, produces  a  blue  color,  but  no  precipitate;  jjniasmim  frrr&fyamde^  first  a 
greeut  then  a  blue  color;  poic*mum  i^dide^  a  deep  purple-red  color.  I'«>taMk 
gives  a  block,  ommomQ  a  brown  precipitate,  slowly  in  the  cold,  iramedialcly 
on  boiling.     Metallic  zine  and  f<>dtum  formatt  throw  down  metallic  osmium. 

liodium  oBmiothloride^  OsCl^.'iNaCl,  prepared  by  heating  a  niiituri*  of 
osmiam  sulphide  and  sodium  chloride  in  a  current  of  chlorine.  crystalLies 
in  orange-colored  rhombic  prisma,  an  inch  long,  easily  soluble  in  water, 
and  in  alcohol.  Th9  pi^tasMmm  and  ammonium  salu,  of  analogous  composi- 
tion, are  obtained  as  red-brovrn  crystalline  precipitalei*  on  adding  sai-am- 
moniao  or  potassium  chloride  to  the  solution  of  the  sodium  salt. 

OxiDCs. — Osmiam  forms  five  oxides  analogous  to  those  of  ruthenium. 
The  mono^dt  or  kypo-ostmouM  oxide^  OsO,  is  obtained  by  igniting  hypo-osmi- 
ous  sulphite  in  a  stream  of  carbonic  acid  gas;  also  as  blue-black  hydrate, 
by  healing  the  same  salt  with  strong  potash  solution  in  a  cloted  vessel, 
ffffpo-^rrmiuut  *t<//*AlV^  SO^Os''  or  SOj,OnO,  is  a  black-blue  snlt^  produced 
by  mixing  the  aqueous  solution  of  osniiutii  tetroiide  with  sulphurous  acid. — 
The  taquioiidf  or  otmwu*  ofidf^  ^fir  '^  obtained  by  heating  either  of  the 
double  salts  of  the  trichloride  with  sodium  carbonate  in  a  stream  of  car* 
bonio  acid  gas.  It  is  a  black  powder  in^^oluble  in  acids.  The  h^draU^  ob- 
tained by  precipitation,  has  a  dirty  brown-red  color,  is  soluble  in  acids,  but 
does  not  yield  pure  salts* 

The  dioiidf^  or  O^mk  oxide,  OsO,,  is  obtained  as  a  black  insoluble  powder, 
by  heating  potassium  osmiochloride  with  sodium  carbonate  in  a  stream  of 
carbonic  acid  gas,  or  in  copper-red  metallic-shining  lumps,  by  healing  the 
corresponding  hydrate.  O&tme  ht/drate^  OsOj/iOH^  is  obtained  by  precipi- 
tating a  solution  of  potassium  a8niio-chlori<ie  with  potash,  at  the  boiling 
heat,  or  in  greater  purity  by  mixing  a  solution  of  potasaic  osmite,  OsOg.K,0, 
with  dilute  nitric  acid. 

The  trioxide,  O^Q^,  is  not  known  in  the  free  state,  but  combines  with 
alkalies,  forming  salts  called  atrmtet^  which  are  procluced  by  the  action  of 
reducing  agents  on  the  tetrozide  in  presence  of  alkalies.  Th^  pftfa»xium  94tli^ 
OhO^.K/K-UUj,  is  a  rose-colored  crystalline  powder. 

Th«  fetroride,  OaO^,  Commonly  called  osmic  ntid,  is  the  volatile,  strong- 
smelling  compound,  formed  when  osmium  or  either  of  its  lower  oxides  is 
he»lcil  in  the  air,  or  treated  with  nitric  or  mtromuriatic  acid.     It  may  be 


TIN.  889 

prepared  by  heating  osmium  in  a  current  of  oxygen  gas,  and  condenses  in 
the  cool  part  of  the  apparatus  in  colorless,  transparent  crystals.  It  melts 
below  100®,  and  boils  at  a  temperature  a  little  above  its  melting  point.  Its 
Tapor  has  an  intolerably  pungent  odor ;  attacks  the  eyes  strongly  and  pain- 
fully, and  is  excessiyely  poisonous.  Osmium  tetroxide  is  dissolved  slowly, 
but  in  considerable  quantity,  by  water,  forming  an  acid  solution.  It  is  a 
powerful  oxidizing  agent,  decolorizing  indigo  solution,  separating  iodine 
from  potassium  iodide,  converting  alcohol  into  aldehyde  and  acetic  acid,  &c. 
It  dissolves  in  alkalies,  forming  yellow-red  solutions,  which  are  inodorous 
when  cold,  but  when  heated,  give  off  the  tetroxide  and  free  oxygen,  leaving 
a  residue  of  alkaline  osmite. 

Sulphides.  —  Osmium  burns  in  sulphur-vapor.  Five  sulphides  of  osmium 
are  said  to  exist,  analogous  to  the  oxides,  the  first  four  being  produced  by 
decomposing  the  corresponding  chlorides  with  hydrogen  sulphide,  and  the 
tetrasulphide  by  passing  that  gas  into  a  solution  of  the  tetroxide.  The  last 
is  a  sulphur-acid,  perfectly  soluble  in  water,  whereas  the  others  are  sul- 
phur-bases, slightly  soluble  in  water,  and  forming  deep  yellow  solutions. 

Ammoniacal  Osmium  Compounds.  —  A  cold  solution  of  potassium  osmite, 
mixed  with  sal-ammoniac,  yields  a  yellow  crystalline  precipitate,  consisting, 
according  to  Glaus,  of  hydrated  osmammomum  chloride,  ^N,Hj0s'')Cl,.  An 
aqueous  solution  of  the  tetroxide  treated  with  ammonia,  yields  a  brown- 
black  powder,  consisting  of  NjjHgOsOj,  or  [N,ne(0s0)^']0.0Hr 

OsMiAMio  Acid,  OSjNjO^H,. — The  potassium-salt,  of  this  bibasic  acid, 
OsyN^OsK,,  is  produced  by  the  action  of  ammonia  on  a  hot  solution  of 
osmium  tetroxide  in  excess  of  potash : 

60sO^  -f  8NH3  -f  60KH  =  SOs^jOjK,  -f  150H,  -f  N^ 

It  separates  as  a  yellow  crystalline  powder,  and  its  solution,  treated  with  sil- 
ver nitrate,  yields  a  precipitate  of  silver  osmiamate,  Os^N.O^Ag,,  from  which 
the  aqueous  acid  may  be  prepared  by  decomposition  with  nydrochloric  acid. 
It  is  a  strong  acid,decomposing,  not  only  the  carbonates,  but  also  the  chlor- 
ides, of  potassium  and  sodium.  The  osmiamates  of  the  alkali-metals  and 
alkaline  earth-metals  are  soluble  in  water ;  the  lead,  mercury,  and  silver 
salts  are  insoluble. 


All  osmium  compounds,  when  heated  with  excess  of  nitric  acid,  give  off 
the  unpleasant  odor  of  osmium-tetroxide.  By  ignition  in  hydrogen  gas, 
they  are  reduced  to  metallic  osmium,  which,  as  well  as  the  lower  oxides, 
emits  the  same  odor  when  heated  in  contact  with  the  air.  The  reactions  of 
osmium  salts  in  solution  have  already  been  described. 


GROUP  II. 
TnT. 

Atomic  weight,  118.     Symbol,  Sn.  (Stannum.) 

This  valuable  metal  occurs  in  the  state  of  oxide,  and  more  rarely  as  sul- 
phide: the  principal  tin  mines  are  those  of  Saxony  and  Bohemia,  Malacca, 
and  more  especially  Cornwall.     In  Cornwall  the  tin-stone  is  found  as  a  con- 
stituent of  metal-bearing  veins,  associated  with  copper  0Te«  Vn  ^t^hW^  ^\A 
slate-rocks ;  and  as  nn  nUuvial  deposit,  mixed  with  TOUx\\\eOL  '^^'^Y^^^  \tl  W^ 
bedir  of  several  amall  rivers.     The  first  variety  18  caWed   mine-  wid  >^^ 
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second  Mtreant'tin,  Tin  oxide  is  also  found  disseminated  through  the  rock 
itself  in  Hmall  crystals. 

To  prepare  the  ore  for  reduction,  it  is  stamped  to  powder,  washed,  to 
separate  as  much  as  possible  of  the  carthj  matter,  and  roasted,  to  expel 
sulphur  and  arsenic:  it  is  then  strongly  heated  with  coal,  and  the  metal 
thus  obtained  is  cast  into  large  blocks.  Two  varieties  of  commercial  tin 
are  known,  called  ffram-  and  bar-tin;  the  first  is  the  best;  it  is  prepared  from 
the  stream  ore. 

Pure  tin  has  a  white  color,  approaching  that  of  silver;  it  is  soft  and 
malleable,  and  when  bent  or  twisted  emits  a  peculiar  crackling  sound;  it 
has  a  density  of  7*3  and  melts  at  287^  C.  (457^  F.)  Tin  is  but  little  acted 
upon  by  air  and  water,  even  conjointly;  when  heated  above  its  melting 
point,  it  oxidizes  rapidly,  becoming  converted  into  a  whitish  powder,  used 
in  the  arts  for  polishing  under  the  name  of  puUy-pwcder,  The  metal  is 
attacked  and  dissolved  by  hydrochloric  acid,  with  evolution  of  hydrogen; 
nitric  acid  acts  with  great  energy,  converting  it  into  a  white  hydrate  of  the 
dioxide. 

Tin  is  a  tetrad  metal,  and  forms  two  well-defined  classes  of  compounds, 
namely,  the  stannous  compounds,  in  which  it  is  bivalent,  as  Sn^'Gl^  Sn'^I^ 
Sn^^O,  &c.,  and  the  stannic  compounds,  in  which  it  is  quadrivalent,  as  8nH'l4, 
Sn''0..  &c. ;  alflo  a  few  compounds  cfiWed  starmoso-stannie  compounds,  of  inter- 
mediate composition,  and  probably  formed  by  combination  of  stannous  and 
■tannic  compounds,  «.^.,  Sn^Clg^SnClfSnCl^;  8n,Og=:SnO.SnO, 

Chlorides. — The  diehloridc,  or  Stannous  chloride,  SnCl^  is  obtained  in  the 
anhydrous  state  by  distilling  a  mixture  of  calomel  and  powdered  tin,  pre- 
pared by  agitating  the  melted  metal  in  a  wooden  box  until  it  solidifies.  It 
is  a  gray,  resinous-looking  substance,  fusible  below  redness,  and  volatile  at 
a  high  temperature. 

The  hydrated  chloride.,  commonly  called  tin-salt,  is  easily  preparecf  by  dis- 
solving metallic  tin  in  hot  hydrochloric  acid.  It  crystallizes  in  needles  con- 
taining SnCl,.20H«  which  are  freely  soluble  in  a  small  quantity  of  water, 
but  are  apt  to  be  decomposed  in  part  when  put  into  a  large  mass,  unless 
hydrochloric  acid  in  excess  be  present.  Solution  of  stannous  chloride  is 
employed  as  a  deoxidizing  agent;  it  reduces  the  salts  of  mercury  and  other 
metals  of  the  same  class.  It  is  also  extensively  employed  as  a  mordant  in 
dyeing  and  calico-printing;  sonietimes  also  as  an  antichlore. 

Stannous  chloride  unites  with  the  chlorides  of  the  alkali-metals,  forming 
crystallizable  double  salts,  SnCl2.2KCl,  &c.,  called  Stannoso-chlorides  or 
Chlorostannitcs. 

The  tetrachloride,  or  Stannic  chloride,  RnCl^,  is  an  old  and  very  curious 
compound,  formerly  called  fuminr/  liquor  of  Libavius.  It  is  made  by  ex- 
posing metallic  tin  to  the  action  of  chlorine,  or,  more  conveniently,  by  dis- 
tilling a  mixture  of  1  part  of  powdered  tin  with  5  parts  of  corrosive  subli- 
mate It  is  a  thin,  colorlesi?,  mobile  liquid,  boiling  at  120°  C  (248°  F.),  and 
yielding  a  colorless  invisible  vapor.  It  fumes  in  the  air,  and  when  mixed 
with  a  third  part  of  water,  solidifies  to  a  soft  fusible  mass  called  butter  of  tin. 
The  solution  of  stannic  chloride  is  much  employed  by  the  dyer  for  the 
brightening  and  fixing  o(  red  colors,  and  is  sometimes  designated  by  the 
old  names,  "composition,  physic,  or  tin  solution;'*  it  is  commonly  prepared 
by  dissolving  metallic*tin  in  a  mixture  of  hydrochloric  and  nitric  acids, 
care  being  taken  to  avoid  too  great  elevation  ot  temperature.  The  solution 
when  evaporated  yields  a  deliquescent  crystalline  hydrate,  SnCl^.GOHy 

3tMmie  chloride  forms,  with  the  chlorides  of  the  alkali-metals  and  alkaline 

tb-iDetAla,  crystalline  double  salts,  called  Stannochlorides  or  Chlorosfannatet, 
ffnCl4.2NH^Cl;  SDCl4.BaCly  &c.  It  also  forms  crystalline  eompoumls 
^leiitAchloride  and  oxych\oride.  ot  'pV\o*\iiV\oTw*.N\v,^w^\^.VCly  and 
And  m  solid  compound  with  p\Lo&p\i\ike,  <^QTk\.^\\i\w^%'&\iV!\^'2XVi^ 
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The  triehloridet  or  Stanntno-itannie  chloride^  known  only  in  BolutioHf  is 
produced  bj  diasolriog  the  tteaqui oxide  in  iivdiucliloric  acid.  Tlie  i»olii- 
tion  acts  like  a  mixture  of  the  dictiloridu  and  tctmcblaridv. 

Fluosidks. — StanHmts  /iuoride,  SnF,,  obtained  by  evaporating  the  solution 
of  sittttnntift  oxidf*  in  liydro fluoric  acid.  crjHtallizes  in  smalt  Hliining  opnquo 
prieinis.  S(anm(^  jfuonde^  Hub\.  18  uol  ktiown  lii  Ihe  free  bIiiU\  but  unitcH 
witU  other  uK'tiillic  tlyoridc^f  furniiug  crystalline  compuiiude  c&lU'd  ttiinrnt- 
jtuoriiies  or  Jfuo»ldHaates^  isomorpht^us  with  tbe  corresfionding  tiilicotluar* 
ide»,  tiiiinofluorJdes,  »nd  xirculluorides.  Tho  potast^ium  salt  contaiUB 
8ulV2KCLOK^  the  barium  aaU,  SnF^.BaF,,  &g. 

OxiDKi. — The  monoxidt^  or  Stannous  otidcf  SnO*  is  produced  by  honiing 
siatitLoua  oxiLlule  out  of  contact  with  tUc  air;  also  by  igniting  stArinDUs  hy- 
drate. This  htfdntff^  2SnO.OII^  or  SUjlJ,(i,»  is  obtained  aa  a  wLin*  precipi- 
tsto  by  decomposing  stannous  chloride  uiih  an  alkaline  carbonate,  carbim 
dioxide  gu*  being  at  the  sumc  time  evolved.  This  byilnite,  carefully  waj*lied, 
dried^  and  heated  In  an  atmosphere  of  carbon  di(jxide,  leavee^  anhydrous 
siannoufl  oxide  aaa  denne  bluck  powder,  which  is  peruiauent  in  the  uir,  but 
wbea  touched  with  a  red-hoi  body,  takes  fire  and  burti^  like  tinder,  pro* 
duoLng  the  dioxide.  The  hydrate  is  freely  soluble  in  cftu:*tic  potash;  tho 
solution  decotupo<tes  by  keeping  into  metallic  tin  and  dioxide.  It  dissolves 
also  in  sulphuric  acid^  forming  atannou*  tutphute,  SO^Hn'',  which  cryslallixes 
in  needles. 

The  t«»qmoxi4f,  Sn^O,,  is  produced  by  the  action  of  hydrated  ferric  oxide 
upon  ftiaiitioud  ehbindif:  it  h  a  grayiinh,  ^liuiy  ii^ubHtattco,  t^olublc  in  hydro- 
ohiorto  acid,  and  in  atnuionia.     This  oxide  boi<  been  but  little  examined. 

Tbe  dtoxide,  or  Stannic  oxide.  SnU^.  occurji  nalive  as  tin-stone  or  caB9i- 
ierite,  the  common  ore  of  tin,  and  is  easily  formed  by  heating  tin,  slan- 
nous  oxide,  or  stannous  hydrate  in  contact  wiih  the  air.  As  thus  pre* 
pared,  it  is  a  white  or  yellawish  amorphous  powder;  but  by  pasising  tho 
Yapor  of  stannic  chloride  mixed  with  mpieous  vapor  through  a  red-hot 
porcelain  tube,  it  may  be  obtained  in  crystals.  It  is  not  attacked  by  aculs, 
^fen  in  ihe  concentrated  state. 

Stannic  oxide  forms  two  hydrates,  differing  from  one  another  in  compo- 
aition  and  properties;  both,  however,  being  acids,  and  cnpriblc  of  forming 
ealts  by  exchanging  their  hydrogen  for  meials.  These  hjdrates  or  acidii 
are  ttUinnic  acid,  SuUj.t>H^  or  S!iO|lf ,,  nnd  mflusftinmeartd,  Snut>,p.5tHlj,  ori^Uj 
()ijM|p,  the  former  being  capable  of  exchuuging  ths  whole  of  its  hydrogen  for 
metal,  and  forming  the  it'tnrutfrg,  conlaiiiiiig  *SuO,Mg;  while  the  l»tter  ex- 
changes only  one  ftflh  of  its  hydrogen,  forming  tbe  metaxtannates,  STijOjgH|My. 

Staanic  acid  is  precipitated  by  acids  from  solutions  of  alkaline  stannates, 
•Jso  f^om  solution  of  stannic  chloride,  by  calcium  or  barium  carbonate  not 
in  ozeesi;  alkaline  carbonates  throw  down  an  acid  staunate.  When  dried 
In  the  air  at  ordinary  temperatures,  it  has,  according  to  Weber,  the  com- 
position, SnOg.^Ollg;  in  a  vacuum  half  the  water  is  given  off^  leaving 
SnO^OHj. 

Stannic  hydrate  diseolvefl  in  the  stronger  aoids,  forminff  tbe  stannic  salts; 
thus  with  sulphuric  acid  it  forms  stannic  mfphmU  (S^LSd'*,  or  280^SnO,. 
Ifydrnchlorir  acid  converts  It  Jnlo  the  tctrachlorUltb^Ttte  stannic  salts  of 
oxygen  acids  are  very  unstable. 

Slannaffs. — 8tannic  hydrate  exhibits  acid  much  more  decidedly  than 
basic  properties.  It  forms  easily  soluble  salts  with  the  alkalies,  and  from 
these  the  insoUible  sUunalos  of  (he  earth-metals  and  heavy  metals  may  be 
obtained  by  precipitation.  Sodium  MtatmttU^  SnO^Nnj^  which  is  much  usifd 
in  calico-printing  as  a  "preparing  salt  '*  or  mordiMiV.,  Vft  y^^^^'^-^^  ^^x^v^ei 
lar^e  ecsle  bjr  fhsiug  £ia-#loric  with  hydrate,  mltftii^,  <i\i\Qrv\«,  <it  W3\\j^v^«i 
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cf  Borlium;  bj  boiling  thf?  tm  ore  with  eauetic  soda  solution;  by  fuaini 
met4kllic  tin  wilh  a  mixture  of  tsodium  nitrMe  ond  carbonate  ;  or  bcaliiig  f 
with  aotia  sol ul ion  mixed  with  aodium  nitrate  and  chloride.* 

Metaxtatmic  acid  i»  producod  by  the  action  of  nitric  acid  upon  tin.     Wbe 
dripd  in  the  air  at  ordinary  teniperature«,  it  contains  dSnO^IOOH^  or  Sq 
0,uH,j.50lI^,  but  at  lOU*"  it  gives  off  6  molecules  of  water,   nnd  is  re 
to  SujUjjlIjp.     U  13  a  white  crystsUtne  powder,  insoluble  in  water  and  i 
acids.     It  dissolves  slowlj  iti  alkalies  forming  mclastannates*  but  is  gra 
uallj  deposited  in  its  original  state  a&  the  solution  abHorbs  carbonic  aeti 

from  the  air.     The  potaitium  taH,  SngOi^lI^K,,  or  (SnOj)j^    q^*  ,  maj  1 

precipitated  in  the  solid  state  bj  adding  piDCOB  of  solid  potash  to  a  solulio 
of  mctantantiic   acid  in   cold  potash.      It   is  gummy,  nncrystalliuable, 
fitrongly  alkaline.     The  ^oilium  sali^  Sn/l^jH^Niiij,  prepared  in  like  niannerJ 
la  crysiallo'griiiiylar,  and  dissolves  slowly,  but  completely,  in  water,     Th 
nietni^tanuates  exist  only  in  iho  hydrated  Btate,  being  decomposed  when'' 
deprived  of  ihcir  basic  water. 

Tin  SuLPinDEB. — ^Thc  monoxMlphide,  SnS,  is  prepared  by  fusing  tin  with 
excess  of  ^ulphur^  and  strongly  heating  the  prmiuct.  It  is  a  lead -gray, 
brittle  stibsiauce,  fusible  nt  a  red  heat,  and  suhiblo,  with  evolution  of  fuli' 
phuretted  hydrogen,  in  hot  hydrochloric  acid.  A  seMquixuiphtde  may 
formed  by  gently  beating  the  above  eompouti"!  with  a  third  of  tla  weight  < 
sulphur:  it  is  yellowish- gray,  and  eaHily  decomposed  by  heiit.  The  ^iVi 
phitU^  Sn8j,,  or  Mo»aic  i/old,  is  prepared  by  exposing  to  a  low  red  heat,  in  I 
glass  Husk,  a  mixture  of  12  paria  of  tin,  (>  of  mercury,  6  of  »abammuiii«0 
and  7  of  tlowers  of  sulphur.  8al-umiiioniae«  cionahar,  and  stannous  chlcir 
ide  euhlime,  while  the  bisulphide  renmins  at  the  bottom  of  the  vessel  in  tibi 
form  of  brilliant  gold-colored  scales:  it  is  used  ait  a  substitute  for  gold  pon 
der*  The  same  compound  is  ohtnined  as  an  amorphouH  light -yellow  pon 
der  by  pausing  liydrogen  sulphide  into  a  Bolution  of  stannic  chloride* 


8tannou$  talu  give  with : 

Jhud  eoHAtie  alkaiies :  white  hydrate,  soluble  in  esoesa. 
A^itimOftifia :     carbonates  \ 

o/p&taMjrium^  iodbiim,  >  white  hydrate^  nearly  insoluble  in  oxecss* 
and  ammmiMm   *     .} 

r  black-brown  precipitate  of  monosnlphide,  sol 
Mydroffim  mtphide  .     .  J      iihle  in  ammonium  Hulphide  contaiiung  exc 
Ammomum  sulphide     ,  1      of  sulphur,  an*!  reprecipitated  by  acids 
[     yellow  bisulphide. 
Stnnnie  sattt  gWe  with  : 

Fiitd  fnwttir.  ftlkalifit:  white  hydrate,  soluble  in  excess. 
Ammonia:  white  hydrate,  slightly  floluhle  in  excess. 
AlkitUtte  cttrhonatcM :  white  hydrate,  slightly  soluble  in  excess. 
Ammottirjm  ntrttonaft:  white  hydrrite,  insoluble. 
Ihfdrftffm  tm/ph  ide :  y  e  1 1  o  w  p  reel  pi  late  of  b  i «  u  I  ph  id  e . 
Atnmontum  t\dphide:  the  same,  soluble  in  excet*a. 
Trichloride  of  gold,  added  to  a  dilute  soluiion  of  stannous  chloride,  gi?it 
rise  to  a  brownish*purplo  precipitate,  called  purpk  of  Cas9iu«  (p.  8T1). 


The  u«eful  applicationa  of  tin  are  very  numerous.  Tinned  phiU  con  si 
of  iron  superficially  alloyed  with  this  metal;  pttetrr,  of  the  best  kind, 
chiefly  tin,  hardent?d  by  the  admixture  of  a  little  antimony,  kc.     Cooking< 
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TCaaels  of  copper  are  usually  tinnod  in  (lie  interior.     The  tiBC  of  tin  s^^lu- 
tLotis  ia  djviti^f  and  culico-priuUiig  has  been  alreiidy  meuLioacd* 
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XITAJTITTM. 

Atomic  weight,  50.     STmbol,  TL 

This  IB  one  of  the  rnrer  m etuis,  and  is  never  found  in  the  metallic  state. 
^The  moMt  importaiit  titaniuiu  luinerrtla  are  rutiie^  brookitr^  and  anutuM,  wUieh 
are  ditfereni  forms  of  litunic  oxide,  and  the  several  vurietieH  of  Litaniferoiia 
iron,  coQiiiisting  of  ferrous  titanate,  pometimeH  alone,  but  more  generall/ 
mixed  with  ferric  or  ferroao- ferric  oxide.  Oecasioually  in  the  slag  adhering 
to  the  bottom  of  blaBt-fyrnacea  in  which  iron  ore  ii*  reduced,  small  brilliant 
copper-colored  cubes,  hard  enough  to  acrareh  gla.Hs,  and  in  the  highest 
degree  infusible,  arc  fonud.  Thi;}  Hubstance,  of  which  a  single  smelting 
furnace  tu  the  llartx  produced  as  much  au  80  pounds,  was  formerly  believed 
to  be  metallic  litaniuui.  Recent  reaearches  of  Wohlcr,  however,  liave 
flbowu  it  to  be  a  combination  of  iieanium  ejauide  with  tilaDiuni  nitride. 
When  these  cryjtaU  are  powdered,  mixed  wIHi  pota»Bium  hydrate,  and 
fused,  atiiinonia  id  evolved,  and  potaaslum  titaoate  i»  formed.  MetalUo 
titanium  in  a  finely  divided  state  may  be  obtained  by  heating  titaiijum  and 
potaasium  fluoride  with  potassium.  Tlut»  element  is  remarknble  for  ita 
affinity  for  nitrogen ;  when  heated  in  the  air,  it  gimaltaacQu^ly  absorbs 
oxygen  and  nitrogen. 

Titanium  is  tetradic,  like  tin,  and  forms  two  claaaca  of  compounds :  the 
titanic  cuuipuuniJs,  in  which  it  is  quadrivalent,  e.^,  Ti^'Cl|,  Ti^'Oj,  and  the 
\titat$(*wt  cumpoundSt  ia  whiab  it  ia  apparently  trivalent  but  really  also 
quadrivalent)  e.  y. : 

TiC\ 


Ti^CV  or  I 
Ti^ 


CV 


CffLOiiiDKS.^ — TiianoUM  ehlonde^  TijClj,  is  prodnced  by  passing  ihe  vapor 
of  titanic  chloride  mixed  with  hydrogen  through  a  red-hot  tube;  it  forma 
dark  violet  scales  having  a  strong  lustre.  Titunie  ehhridf^  TiCl^,  i»  prepared 
by  pJissing  chlorine  over  an  ignited  mixture  of  titanic  oxide  and  eharcoal. 
It  is  a  colorless  volatile  fuming  liquid,  having  a  specific  grftvity  of  1'7*X)9 
at  0°,  vapor  density  ^  0058,  and  boiling  at  U'r*".  It  unites  very  violently 
with  water,  and  forms  definite  compounds  with  ammonia,  ammonium  chlor- 
ide, hydrogen  cyanide,  cyanogea  chloride,  pbosphine,  and  sulphur  tetra- 
chloride. 

FLroRiDBS.  —  Titanoiit fluortth,  TtjFg.  is  obtained  as  n  violet  powder  by 
igniting  potat^sio- titanic  fluoride  in  hydrngeu  gas^  and  treating  the  resulting 
mails  with  hot  water.  Ti(ank  fiitorifh,  TiF^,  piiij.seH  over  as  a  fuming  color* 
le«s  liquid,  when  titanic  oxide  is  <listi11ed  with  fiuor-spar  and  fuming  tjul- 
phuric  acid  in  a  platinum  apparatus,  ll  nnites  with  hydrofluoric  acid  and 
EDctallic  fluorides,  forming  double  salts  called  tiltino-jluorideA  qt  fiuoiitannatM^ 
i^omorphous  with  ih<»  silicotiuoridea,  zircotluorides,  ^o.,  «.y.,  TiF..2KF; 
TiF,.CttF,. 

I 

Uxitii(».  — The  tf^quiorifif,  or  TStanotu  oxidtf^  Ti^Oj,  is  obtained  by  igniting 
the  dioxide  in  hydrogen,  as  a  black  powder,  which,  when  heated  in  the  air 
to  a  very  high  temperature,  oxidizes  to  Mtanic  oxide. 

The  dwtide  or  Tuame  oiidf  occurs  native  in  three  dit^eriiTvV  tciVTMi,  V\t..,%.'^ 
tutile  A/id  anatnae^  which  are  dimetnc,  and  brookiKi,  -wVvcXv  \ft  vVv\vv&lT\tt% 
^  thetfe,  Mitutweis  the  purest,  ftud  rutHe  ike  moal  a\)MjidiLuU    Tq  g^ivaxvw 
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pure  titnniG  oxide,  rutile  or  titaniferous  iron  ore,  r«duc&d  to  fine  powdfTf 
is  fuHed  with  twice  its  weight  of  potassium  carboaato,  and  the  fused  mift 
is  diaaolTTtfd  in  dilute  hydrofluoric  acid,  whereupon  tttano-finoride  of  potAA- 
slum  Boon  begias  to  separate.  From  the  hoi  ai|UQous  solution  of  this  salt, 
ftmnionia  throws  down  Boow-wbite  ammonium  tit4iiiiit«,  which  is  eodnj 
soluble  ill  hydrochloric  acid,  and  when  ignited  givea  reddij^b -brown  lumps 
of  lilanic  oiide.  Thia  oxide  ia  insoluble  in  water,  and  in  all  acids  except 
strong  tiulphnric  acid,  hy  fusing  ii  with  six  limes  it«  weight  of  acid  poia#- 
fliutn  sulphate,  a  ciear  yellow  mass  is  obtained,  which  disdoWes  perfecUj  in 
warm  water,  -^ 

Titanic  oxide  appears  to  form  two  hjdrates  or  acids,  analogous  to  stannio 
and  metastannic  ticids.  One  of  thesCn  called  titanic  ueid^  im  precipitated  hj 
ammonia  from  a  solution  of  litaniu  cliloridct  n»  a  while  powder  which  dia- 
aolvea  eastlj  in  sulpburicT  nitrie,  and  hydrochloric  acid!i,  eren  when  ibese 
acida  are  rather  dilute;  bnt  these  dilute  solutions,  when  boiled,  deposit 
metdfit^fnic  ht/dratf^  a?  a  soft  white  powder,  which,  like  (he  anhydrous  oxide, 
h  insoluble  in  nil  acids  except  strong  sulphuric  acid. 

The  tifantjtf-i  have  not  been  much  studied;  most  of  them  may  be  repre- 
senfed  by  the  formtilao,  TiO^M^  =  TitV^M J>.  and  TiOjM,  =  TiO^M^O  (the 
pyiiihol  M  ilenoting  a  univalent  metal).  The  tilanate»  of  calcium  and  iron 
occur  as  natural  minerals.  The  titanates  of  <he  nlkali-inetala  are  formed 
by  fusing  titanic  oxide  with  alkaline  hydrates,  carbonates,  or  acid  sulphates 
— ^somo  of  them  also  in  the  wet  way.  When  finely  puWert*ed  and  leTigated^ 
they  dissolve  in  moderately  warm,  concentrated  hydrochloric  acid;  but  Ibe 
greater  part  of  Ihe  dissolved  lilanic  acid  is  precipitated  on  boiling  the 
solution  with  dilule  acids.  The  neutral  titanalos  of  1  lie  nlkali-metala,  TiOj 
M,,  are  insoluble  in  watcr^  hut  i^oluhle  in  acids.  The  titanates  of  the 
earth -metais  and  heavy  metals  arc  in»oluhle,  and  may  be  obtained  by  pre* 
ei|tilalLon. 

In  a  solution  of  titanic  acid  in  hydrochloric  acid,  containing  as  little  free 
aeid  as  possible,  HnHure  of  ^atU  produces  an  orange-colored  precipitate; 
potaaaium  ft^rroct/amde,  a  dark-brown  precipitate.  Titanic  oxide  fused  with 
Lortt£^  or  better^  with  microcosfnic-satt^  in  the  inner  blowpipe  flame,  forms  a 
glass  which  is  yellow  while  hot,  but  bocorneB  violet  on  cooling.  '  The  deli- 
cacy of  the  reaction  is  much  incrcasedi  by  melting  a  little  metalliQ  sine  in 
the  lead* 
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Atomic  weight,  207.     Symbol,  Pb  (Plumbum). 

This  abundant  and  nseful  metal  is  altogether  obtained  from  the  native 
puljihidet  or  t/tiirfut,  no  other  lead-ore  being  found  in  large  <iijaiitity,  Tlit 
reduction  is  effected  in  a  reverberatory  furnace,  into  whirh  (he  crushed 
lead -or©  is  introduced  and  roasted  for  some  time  at  a  dull  red  heat,  by 
which  mueh  of  the  sulphide  becomes  changed  by  oxidation  to  sulphate. 
The  contents  of  Ihe  furnnce  are  then  thoroughly  mixed,  and  (he  tempera* 
ttire  raised,  when  the  Mulphaie  and  sulphide  react' upon  each  other,  pro- 
ducing sulphurous  oxide  and  luetaUic  lead: 

SO^Pb   +    PbS  =  Pb,   +    2S0,. 

Lead  melts  at  fSlS^fi*  C.  (000°  F.),  or  a  little  above,  and  boils  and  Yolatiliies 
Hi  a  white  heat.  By  slow  cooling  it  maybe  obtained  in  octohedral  crystals. 
''i  moiifi  nir  ihla  metifcl  bi»coiiL«a  oo%Wi  wViK  a  Mm  of  gray  mattefi  thought 


LEAD. 


395 


to  be  fliiboxidoj  and  irben  exposed  to  the  atmoephcre  in  tbe  tnclted  »t«tc  it 
Tupidlj  absorbs  (>sygen.  Diinte  acidSf  witk  the  exception  of  uttric  acid, 
act  but  slowlj  upon  lead. 

Lcaxl  is  a  tetrad,  a8  shown  by  the  constitaiion  of  plumbic  etbide,  Pb''(rj 
H^)4;  but  in  its  inorg^nnic  eonibi[iiiktion!!<i  it  appojirs  dyadic,  forming  but  one 
chloride,  Pb^'Cl,,  with  corroapondinR  broiiiido  and  iodide.  The  oxide  cor^ 
roiipoading  to  these  is  Ph'^'O,  and  there  aro  alau  higher  oxidi^a  in  wliii^h  (ho 
metul  miiy  be  regarded  either  aa  a  dyad  or  as  a  tetrad;  thus  the  dioxide 
PbOj  may  be  formulated  either  as 

^v  0  =  Pb  =  0,  or  as  I     J>Pb. 

Lead  CaL0fi.ti>8,  PbCI,,  is  prepared  by  precipitating  &  solution  of  lead 
nitrate  or  acetate  wilh  hydrochloric  acid  or  common  salt.  U  separates  as 
a  heavy  white  crysjialliue  precipitate^  which  dii<solvei?  in  ubout  M  parts  of 
boiling  water,  and  separatee}  nguiri,  on  cooling.  In  necdle-Hhaped  cryHluls, 

There  are  several  oxychloridcs  of  lead,  one  of  which,  Ph^CljO^  or  I'bCl^. 
2PbO,  occurs  crydtailiied  in  right  rhtmibic  prisma  on  the  Meudip  It  ilk, 
thence  called  metidipstr.  Another,  couijtihitlng  P»ttinaon*s  ivhite  uxychhir* 
ide,  Pb^CljO  or  PbCL.PbO,  is  prepared  for  use  as  a  pigment  by  grinding 
galena  with  strong  hydrochloric  acid,  dissolving  the  resulting  chloride  in 
hot  water,  and  precipitating  wilh  lime-water.  A  third  oxychUiride,  PbCl,. 
7PbO,  called  patent  t/dloti*  or  7'urit*^r*  tfcilow,  is  prepared  by  beaLing  1  part 
^fCaal-ammciinlac  wilh  It)  parts  of  litharge. 

^HtfEjiP  loDinK,  PbTj,  is  precipitated,  on  mixing  lead  nitrnte  or  acetate 
Tntb  pota^^ium  iodide,  as  a  briglit  yellovif  powder,  which  dissfdves  in  boiling 
water,  and  cryHtalliies  therefrom  in  beautiful  yellow  iridescent  spangles. 

^HDxidkii. — The  vmnoxide^  PbO,   called  lifharf/e  (^r  tnmtiicot^  ia  the  product 

^H  Ihe  direct  oxidation  of  the  metal.     It  ta  mo8i  cunveniently  prepared  by 

^Bating  the  carbonate  to  dull  redness;   common  titUarge  is  impure  monoxide 

which  has  undergone  fusion.     Lead  oxide  has  a  dcEcatu  »traw-yellow  colur^ 

is  very  hea^y,  and  slightly  polubte  in  water,  giving  an  alkaline  liquid.     It 

]j  soluble  in  potash,  and  crys^italliies  from  the  solution  in  rhombic  pri!«m^. 

At  a  red  heat  it  nielt^^^  and  tends  to  cryHtullize  on  cooling.     In  the  nH'ltvd 

fitate  it  attackis  and  dis8olvc»$  tsiliccous  matter  with  astonishing  facility,  often 

penetrating  an  earthen  cmclblie  in  a  few  minutes.     It  is  cnsily  reduced 

when  heated  with  organic  eubetances  of  any  kind  containing  carbon   or 

hydrogen.     It  formji  a  large  clajiei  of  ^Its,  often  called  plumbic  ioltHf  which 

^^e  colorless  if  the  acid  itself  is  not  colored. 

^^m/STriplumhir  trfroxid^,  or  Nrd  tntd^  is  not  of  very  constant  composition,  but 
^pnerally  contains  Pb^O^  or  2PhO.FbOj.  It  is  prepared  by  expo.'^ing  the 
monoxide,  which  has  not  been  fused,  for  a  long  time  to  the  air,  at  a  very 
faint  red  heat;  it  is  a  brilliant  red  and  extremely  heavy  powder,  decom- 
posed, with  evolution  of  oxygen,  by  a  strong  heat,  and  converted  into  a 
mixture  of  tnonoxide  and  dioxidta  by  acids.  It  is  uacd  as  a  cheap  substitute 
for  vermilion. 

The  dioxide^  PbO,,  often  called  piict  or  droim  tkad^tidt,  is  obtained  without 
difficulty  by  digesting  red  lead  in  dilute  nitric  acid,  whereby  lead  nitrate  ia 
dissolved  out,  and  insoluble  dioxide  left  behind  in  the  form  of  a  deep-brown 
powder.  The  dioxide  ia  decomposed  by  a  reil  heat,  yielding  up  one  half 
of  its  oxygen.  Hydrochloric  actd  converts  it  into  lead  chloride,  with  dis- 
engagement of  chlorine;  hot  oil  of  vitriol  forma  with  it  load  sul\^but«,  q.i\vV 
liberates  oxygen.  The  dioxide  is  very  useful  in  8epa,Tai\Tv^%v\\i^\\UTt>\x%*A\\ 
from  certA'm  g$^eou9  mixtures,  leaA,  t»ulphaUs  Wvu&i  Uii^u  vtc^^i^%^%  W^^^ 
^  SO,  ^  PbSO^,  ^  ^  ■ 
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Diplumhte  oxitk^  or  Lead  mhoxidt^  V\0  or  Pb— O — ^Pb,  is  formed  whc 
tnonnxiijc  ig  heated  to  dull  redness  in  a  rplort;  n  grrny  pulvcrulcut  sub- 
siiunoe  is  tUen  1^'ft,  wliicrh  i^i  re$<olred  by  aciilH  itito  monostdo  imd  metal.  It 
absorbs  oxygen  wUh  great  ru|»i«lity  wlicn  heated^  and  ©Ten  wbeti  aimply 
mui^ieued  with  water  and  exposed  to  the  air. 

Lead  NixaATE,  (Nf>j)jrb  or  NjOj  PbO,  nmy  be  obtained  by  diisolTtng 
1en«l  earboriiiK'  in  nitric  atiid,  or  by  ncting  directly  upon  the  metal  by  the 
Pttiuc  agent  uilb  the  aitl  of  heat:  it  b,  ae  already  noticed,  a  by-product 
in  the  prepuratiou  of  the  dioxide.  It  crystalliiea  in  aiihydrousociohedrooiit 
which  ure  usufilly  milk-white  nnd  opaque.  It  dt!<«olve9  in  li  parts  of  cold 
water»  and  is  doeoniposod  by  heat,  yielding  nitrogen  letroxidc,  oxygeni,  and 
lead  Tuonoiide,  which  obstinately  retaiiia  truces  of  nitrogen.  Wheo  a 
solution  of  lht!»  mil  lei  botled  with  an  adilitiotial  quantity  of  lead  ox.ide,  « 
pui'tion  of  the  latter  i«i  di»$iolTed,  niid  a  baaie  nitrate  la  generMcd,  which 
nsny  be  obtained  iii  crystals.  Carbonic  acid  separates  this  excess  et  oxide 
in  the  form  of  a  white  compound  of  lead  carbonate  and  lead  hydrritc. 

Neutral  and  basic  compounds  of  lend  oxlife  with  the  trioxide  and  tetroxide 
of  nitrogen,  have  been  dei^cnbed.  Thci»e  Laat  are  probably  formed  by  Ib^ 
corabinaiton  of  a  nitrite  with  a  mtratc. 
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Lead  Cabbonitk ;  Wiiitb  LuAn  ;  COjPb'''  or  COjPbO. — This  salt  is  some- 
times found  beautifylly  crystallized  in  long  white  needlea,  aceoxupsjayiag 
other  metallic  ore».  It  may  be  prepared  artiiieially  by  precipitatitig  in  tbe 
cold  a  Holution  of  the  nitrate  or  acetate  with  an  alkaline  carlioaate:  wben 
the  lead  Aututiou  ia  boiling,  the  precipitate  is  a  baste  aall  cotit«ii 
2t^0,rh.  Pbll/J, ;  il  is  ali^o  manufactured  to  an  immense  cxtetit  bjr 
means  for  the  use  of  the  paintejr.  Pure  lead  earbonaie  ia  «  sofl»  wl 
povsder,  of  great  specific  graviiy,  insoluble  in  water,  but  eatiiiy  diaaohe<l 
by  dilute  nitrio  or  acetic  acid. 

Of  the  many  methfKls  put  in  practice,  or  proposed,  for  making  whiie 
lead,  the  two  following  are  the  mot^t  impoi'tant  nnd  interesting:  One  of 
these  eonsislit  in  forming  a  basic  nitrate  or  acetate  of  lead  by  boiUog  finely 
powdered  Hiharge  with  ihe  neutral  wait.  This  solution  is  then  brought  into 
contact  with  carbonic  acid,  gaf*»  whereby  all  the  excess  of  oxide  previously 
taken  up  by  the  oeutral  salt  i»  ui  once  precipitnted  as  white  lead.  The 
solution  Hlraiued  or  pressed  from  the  latter  b  again  boiled  with  litharge, 
and  treated  with  carbonic  acid:  these  processes  are  susceptible  of  indefinitt 
repetition,  whereby  the  little  loss  of  nouiral  salt  left  in  the  precipitates  il 
compen^saled.  The  uocond,  and  by  far  the  more  ancient  method,  is  rather 
more  complex,  and  at  first  sight  not  very  intelligible*  A  great  number  of 
earthen  jars  are  prepared,  into  each  of  which  is  poured  a  few  ouncof  of 
erude  vinegar;  &  roll  of  sheet-lead  is  then  introduced  in  <j^uch  a  manner  tbst 
il  shrill  neither  touch  ihe  vinegar  nor  project  above  the  top  of  the  jar.  The 
veRtfcls  are  next  arranged  in  a  largo  building,  side  by  side,  upon  a  layer  of 
stable  manure,  or,  still  better,  spent  tan,  and  closely  covered  with  boards. 
A  heeond  layer  of  tan  is  spread  upon  the  top  of  the  latter,  and  then  tt 
second  series  of  pots;  these  are  in  turn  covered  with  boards  and  decom- 
posing bark^  and  in  this  man  tier  a  pile  of  many  alternations  is  eonstnicted. 
Aft'-T  the  lap«e  of  aconsidernble  time,  the  pile  is  taken  down  and  the  aheets 
of  learl  nre  removed  and  carefully  unrolled  j  they  are  then  found  to  be  in 
great  part  converted  into  carbonate,  which  nierely  requires  washing  and 
grinding  to  be  fit  for  use.  The  nature  of  this  curious  process  is  generally 
explained  by  supposing  the  vapor  of  vinegar  raised  by  the  high  temperm- 
Iwre  of  the  fermenting  matter,  merely  to  act  as  a  carrier  between  the  c*f- 
honiv  acid  eroked  from  ihe  tan,  and  Ihe  lead  oxide  formed  under  the  in- 
iiavace  of  tbe  acid  vapor,  a  neuUa\  tict^Vat^,  u  basiq  aceUlc^  and  u  carbonftU 
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being  produced  in  succession,  and  tb«^  aciion  gradunlly  truTelUng  from  the 
nurface  in  wards  The  qtmntily  of  acotie  tit!  id  lised  is,  in  ridulion  to  the 
Icnid»  quite  IritfingTt  and  cnnuot  diri-^ctly  cOEtlLibLiii!  lu  llie  produc'tion  of  llie 
cnrbonate.  A  prt'ten-nce  is  aiiH  givpii  to  I  he  proilnel  of  tliin  old  mode  of 
iniiiiut'acture,  on  account  of  il?*  ?fUperiority  of  o|ittcity»  or  bodt/^  over  that 
obtained  by  prccipiiatifin.  Commerciul  wliito  lead,  howtver  prepared, 
iiliiruys  coiKaiiiH  a  certain  propoi'lion  of  hydrate.  It  iii  someiinies  ii>diil- 
tcratcd  witii  barium  aiUpliate. 

When  clean  nieiallio  lead  is  put  into  pyre  water  and  exposed  to  tbe  air,  a 
^hile,  crystalline,  scaly  powder  begins  to  ebow  ifnelf  in  a  few  hours,  mad 
Tory  rapidly  increases  in  qnsinlity.  This  ftiibstnnee  fiiay  cotisi^t  of  lead 
hydrate,  fornaed  by  the  action  of  tbo  oxygen  di>:Holvrd  in  the  water  upon 
the  lead.  It  is  slightly  soluble,  and  may  be  readily  detected  in  the  water. 
In  most  cases,  however,  the  farmation  of  this  deposit  is  due  lo  the  action 
of  the  carbonic  acid  dissolved  in  the  water:  it  coimists  of  carbonate  in 
eombination  %vith  hydralCt  and  h  nearly  insoluble  in  water.  When  coiumon 
river  or  spring  water  is  subi*titiited  for  (he  pure  lM|uid,  this  effect  is  less 
obserrable,  the  little  sulphate,  alnioBt  invarioldy  present,  canmng  the  dcpo- 
fiition  of  a  Tcry  thin  but  closely  adherent  film  of  lead  sulphate  upon  the 
surface  of  the  metal,  which  protects  it  from  further  action.  It  is  on  this 
ftocount  that  leaden  cisterns  are  used  with  impunity,  at  least  in  m*j»t  casei, 
for  hobiiiig  water:  If  the  latter  were  quite  pure,  it  would  be  speedily  con- 
tamiitated  with  lead,  and  the  cistern  would  be  80on  ilestroyed.  Natural 
wulcr  highly  charged  with  ciirbonic  ucid  cannot,  under  tiny  ciretinistances^ 
he  kept  in  lead  or  passed  through  leaden  pipes  with  safety,  (he  carbonate, 
though  \ery  iuiioloble  in  pure  water*  being  silightly  soluble  in  water  coo- 
iaitiiog  carbonic  acid. 

The  soluble  stilts  of  lead  behave  with  reagentF  as  follows:  — 
Caustic  pQtanh  and  $oda  precipitate  a  white  hydrate  freely  soluble  in  ex- 
CCS3,  Ammonia  gives  a  similar  white  prccipitnte,  not  soluble  in  excess. 
The  carbonatn  of  potaMiititiy  sodiiun,  antl  ammonium,  precipitate  lead  car- 
bonate, insoluble  in  excess.  Sulphuric  acid  or  a  sulphatf  causes  a  white  pre- 
cipitate of  leail  stdphate  insoluble  in  nitric  acid.  Uythmjm  *\dphiih  tind 
iimiHomMm  tulphnir  throw  down  black  lead  sulphide.  Lead  is  readily  de- 
tected before  the  blowpipe  by  fusing  the  compound  under  examinatiou  on 
charcoal  w  itb  sodium  carhonatc,  when  a  bea^l  of  metal  is  easily  obtained^ 
which  b  recognised  by  it^  chemical  as  well  as  physical  properties. 


I 


An  alloy  of  2  parts  of  lead  and  1  of  tin  constitutes />/«m5fr*'  sotdtr  t  these 
proportions  rcveriiod  give  a  more  fusible  compound,  called ^'«f  colder.  The 
lead  employed  in  the  manufacluro  of  shot  is  combined  with  a  little  arscuic. 


GROOT  IV. —  IRON  METALS. 
ZBON. 

Alomio  weighty  G6.     Symbol^  Pe  (Perrum). 

This  19  the  most  important  of  all  mctala;  there  are  few  substances  to 
which  it  yields  in  interest,  when  it  is  considered  how  very  intimately  the 
knowledge  of  its  properties  and  uses  is  connected  with  human  civilisation. 

MetitUiciron  is  of  exceedingly  rare  occurrence :  it  haab«eiiliH\M%xC,wiB.M!i, 
in  Connecticut,^  formiog  a  vma  aboot  two  inches  tVick  \u mUtw-aXabVft \  "HavkV-Vt 

•  Phmpa"  MinenJoKj,  ith  wilt,  p, »)«, 
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invaFiahly  enters  into  lUe  compopUiuii  of  those  esiraordlnnrj  ^^ 

io  full  fruiii  tlie  a  11%  ealK^U  n*eUoHt(»,     iKolalecl  miissea  of  Hofl  n.  ,  u 

alaii,  of  large  diniutiHion»^  lit*  loose  upon  tbu  burfftce  of  the  ckj...  ...  .  ,  ..ih 

Amwrioa  and  eke  where,  ami  jire  |»ret*iiinecl  to  have  had  ji  similar  origin: 
these  lalter,  in  common  ivith  the  irou  <jT  tlie  iinduiubtf^d  meteorite^^,  contain 
nicki'h  in  an  oxidised  condilinn,  ihe  presence  of  iron  may  be  said  to  b« 
uuivcrsal:  it  conMituteB  a  grt'at  part  of  the  common  coloriog  matter  of 
Tockij  and  BOiIij;  \l  is  cuntained  in  plants,  and  forms  an  ei^seniial  component 
of  the  blood  of  tho  aninml  body.  U  ia  al^o  very  common  in  Ibeatateof 
l>i»ulpbi«le.  Pure  iron  may  be  prepared,  according  to  Miiacbcrlicb,  by 
iniroducing  into  a  JJet^aian  crueibUt  4  purtu  of  hne  iron  wiro  cut  ^malK  and 
1  piu-t  of  blutk  iron  oxide.  This  is  coven-d  with  a  mixture  of  wbire  wind, 
liniOi,  and  potas»iuia  L'arboQatt;,  tn  the  propor^iouB  usted  for  gtaB»-niLkinf;, 
and  a  cover  boing  closely  applied,  the  crucible  \b  exposed  to  a  very  high 
degrcTe  of  hmt,  A  button  of  pure  mulal  isi  tbim  oblained.  the  traces  of  car- 
bon and  silicinm  prcaeot  in  the  wire  having  bt;en  reniovtid  by  the  oxygen 
of  thiJ  oxide. 

Pure  iron  haB  a  wbito  color  ani!  perfect  luatro :  it  is  extremely  soft  and 
(ough,  and  has  a  specific  gravity  of  7*8.  Ita  cryittftllinc  forra  is  probably 
the  €ube»  lo  juiige  from  AppeaninccH  now  and  th^n  exhibiled.  In  good  bar- 
iron  or  wire,  a  distinct  fibrous  texture  may  lilwnys*  be  observed  Hhen  the 
mclal  has  been  attacked  by  rusting  or  by  the  application  of  an  acid,  and 
upon  the  perfection  of  this  fibre  much  of  its  strength  and  value  depends. 
Iron  is  the  most  tenacious  of  all  ihe  metals,  a  wire  ^^  of  an  inch  in  diame- 
ter hearing  a  weight  of  <10  lbs.  It  is  very  difiBcult  of  fusion,  and  before 
becoming  liquid  pasi^es  through  a  iMjift  or  paaty  condition.  Pieces  of  iron 
pressed  or  haimnered  together  in  this  state  cohere  into  a  single  masti :  tUo 
operation  ia  termed  ivddinff^  and  is  ui«uaily  performed  by  Hprinkliug  a  littlfl 
Band  over  the  heated  metal,  which  eomhines  with  the  superficial  film  of 
oxide,  foTmifig  a  fustible  Bill  cafe,  which  18  Buhyequently  forced  out  from 
between  the  pieces  of  iron  by  the  pre.H3ure  applied:  clean  surfaces  of  metal 
are  tlni**  presented  to  each  other,  and  union  takes  place  wilhoul  difficulty. 

Iron  does  not  oxidize  in  dry  air  at  comnu^n  temp>eratureB:  heated  to  red* 
ne?**,  it  beeomes  covered  with  a  pcaly  coaling  of  black  oxide,  and  al  a  high 
white  heat  hurn<;  brilliantly,  producing  the  f!ame  »uh«itHnce.  In  oxygen  gat 
the  comhu.Htinn  occurs  with  at  ill  greuier  ease.  The  finely  divided  spongy 
metal  prepared*by  reducing  the  red  oxide  with  hydrogen  gas  lakes  fire 
Bpontaneoimly  in  the  air.  Pure  wuter,  free  from  air  and  carbonic  acid,  does 
not  tiirniflh  a  ftmrface  of  polished  iron,  but  the  combined  agency  of  free 
oxygen  and  moisture  speedily  leada  »o  the  production  of  rust,  vrhlch  in  ft 
hydrate  of  the  inenquioxide.  The  rusting  of  iron  ia  wonderfully  promoted 
by  the  presence  of  a  little  acid  rapor.  At  a  red  heat,  iron  decomposea 
water,  evolving  hj,'drogen,  and  pnsHing  into  the  black  oxide.  Dilute  sul- 
phuric nnd  hydrochloric  acids  dissolve  it  freely,  with  separation  of  h^dro* 
gen.  Iron  ia  atrougly  magnetic  up  lo  ft  red  heatj  when  it  loses  all  traces  of 
that  retimrkable  property. 

Iron  is  a  tetrod,  forming  two  classes  of  compounda;  namely,  the/rrrioiff 
emnpound*,  in  which  it  is  bivalent,  r^„  Fe'^t'l,.  Fe''0,  Fe''^^04.  &c..  and 
the  /errie  compounds,  in  which  it  H  really  quadrivalent,  though  apparently 

trivalent,  t.g,,  Fe^'^jCl,  or   I  ;  Fe'^'-O,*  Fe'^%(SOJa»  Ac, 

Fe'"aa 

CnLORinr«.  — The  difhUridt,  or  Fftrms  rMoridf,  FelTl,,  is  formed  by  trtn*- 

mitting  dry  hydroelihtrio  acid  gas  over  red-hot  meiallic  iron,  or  by  disaolv- 

ing  iron  Ui  hvdrochlorie  acid.     The  latter  solution  yields,  when  duly  con- 

centrnteil,  green  t*ry«itala  of  liie  Uy^kwU'd  dichloride  Fe€lj,40Uj;  tiicy  are 

r  Molu  Me  M  ri  i|  d  c  1  i '  ^  u  e  itje  ul »  and  tu ^i^X^  ov\vi\i^  m  vV't  'k\t . 
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The  trichloride,  or  Ferric  chloride,  Fe^Ct^,  is  usuiilly  prepnred  hy  dissolving 

rferric  oside  in  hjdroclilonc  acid.     The  solution,  evaporalctl  to  a  syrupy 

BtmsistPiice,  deposits  red  lij'drati?*!  crystals,  whicU  arc  very  soluble*  in  water 

^nd  Alcohol.     It  forms  double  9h1i«  with  poiiisaium  cbloridc  iind  sal-ummo- 

it(MJ,     When  evaporated  to  dryness  and  strongly  lieiHed,  much  of  (he  chlor- 

dr  is  decomposed,  yielding  9e8«[ifn)s:ideiind  hydrueliloric  ucid  :  the  retuajn- 

flder  sublimes,  and  nflerwarda  condenses  in  the  form  of  «nmll  brilliant  red 

yatala,  which  dcliqucHce  rapidly.      Auhydrons  ferric  chloride  ih  ahuo  pro- 

l^uccft  by  the  action  of  chlorine  upon  the  healed  metal.     The  »olutioi^  of 

■  ferric  cblnride  is  capable  of  dissolving  a  large  exce?a  of  recently  precipi- 

Med  ferric  hydrate,  by  Avhich  it  acquires  a  much  darker  color. 

loor^ss.  —  Fiprrom  iodide^  Felj,  is  an  import«nit  medicinal  preparfttton:  it 
leAAily  made  by  digesting  iodine  with  water  and  metallic  iroti.  The  solution 

pale-green,  and  yields,  on  evaporation,  crystals  'e!ttimbling  those  of  the 
btorlde,  which  rapidly  oxidize  on  exposure  to  air.  It  is  best  preserved  iti 
ohition  in  contact  with  excess  of  iroa. — Ferric  iodui^,  Fejlg,  is  yellow i«h- 

1  M-nd  soluble. 

Iron  Oxihes. — ^ Three  oxides  of  iron  are  known,  namelyt  ferrous  oxide, 
?eO,  and  ferric  oxide,  Fi'jOji,  analogous  to  the  chlorides,  and  an  intermi- 
littte  oxide,  uriu<illy  called  magneiie  iron  oxide,  cojdainitig  FCjO^,  or  FeO. 
*  i>j,  A  trioxidc,  FeOj.  is  supposed  to  exist  iu  a  class  of  salts  ctiUed  fcr- 
fttes,  but  it  has  not  been  iBolated. 

Momtiik  or  Ferrous  ond^.,  FeO, — Thia  la  n  tery  powerful  base,  neutralii- 
Dg  acids,  and  isumurphous  iivitb  magne*«ia,  zinc  oxide,  &c.  It  is  almost 
Qknown  lu  the  separate  ijinte,  from  it8  extreme  proneness  to  absorb  otj* 
en  and  pasii  Into  the  sesi|uioxide.  When  a  ferrous  salt  is  mixt^d  with 
Rustic  alkali  or  ammonia,  a  bulky  whili«?h  precipitate  of  ferrous  hydrate 
alls,  which  becomes  neirly  black  when  boiled,  the  water  being  separated, 
this  hydrjite  changes  very  rapi^lly  when  exposcfl  to  the  air,  becoming  green 
id  ultimately  red-brown.  The  soluble  ferrous  salts  have  commonly  & 
iclicatc  pale-green  color  and  a  nauseous  metiiUic  taste, 

Sf^imoxith  or  Ffrric  oxide^  Fe^O,.  — ^  A  feeble  bnse,  isomorphous  with  alu- 
Biiia,  It  occurs  native,  most  benulifully  crystsiUizeil,  as  specular  iron  ore, 
the  Island  of  Elba,  and  elHcwbere;  nho  as  red  and  bmun  hrmatttf,  iho 
alter  being  a  hydrate.  It  is  artificially  prepared  by  prceipitaiing  a  ,«ijlution 
"  ferric  txulphate  or  chloride  with  excess  of  ammonia,  and  wnsbiug,  dry- 
^ing,  and  igniting  Ihc  yellowish-brown  hydrute  thus  produced;  fixed  alkali 
must  not  be  used  in  thii^  operation,  as  a  portion  is  retained  by  the  oxide, 
l^fine  powder,  this  oxide  has  a  full  re<l  color,  and  is  used  as  a  pigment, 
(prepared  for  the  purpose  by  calcination  of  ferrous  sulphate;  tJie  tint 
I  somewhat  with  the  temperature  to  wliich  it  has  been  exposed.  The 
S©  is  unaltered  in  the  fire,  although  easily  reduced  at  a  high  temperature 
by  carbon  or  hydrogen.  It  dissolves  in  acids,  with  difficulty  after  s^trong 
Iguttion,  forming  a  scries  of  reddiHh  salr^,  wliieb  have  an  acid  reaction  and 
astringent  taste.  Ferric  oxide  is  not  acted  upon  by  the  magnet, 
Triferro-Uiroxuie,  Ferroso/erric  0Tid%  Fcji)^  ^  FeO.FcjOg.  also  cane<l  black 
^OH  oxifir,  magnetie  otidf^  and  Imnhtonr^^X  natural  pruduct,  one  of  the 
lost  valuable  of  the  iron  ores,  often  fitund  in  regular  octobedral  cryslals, 
rhich  are  magnetio.  It  may  be  prepart'd  by  mixing  duo  proportions  of 
'errous  and  ferric  salts,  precipttating  iliem  with  excess  of  alkali,  and  then 
boiling  the  mixed  hydrates;  the  latter  then  unite  lo  a  black  nnndy  sub- 
iiance,  oonsisiing  of  minute  crysiJiU  of  the  uiagnette  oxide.  This  t>xide  is 
■the  chief  product  of  the  oxidalinn  of  iron  nt  a  bV^\\  leiu^«ttt.VMt<t  \tv  \\v«ei  iav 
and  in  nqacoas  vapor,    !t  is  incapable  of  forinmg;  def\m\c  fttvVv?^. 

Fmmratms,  —  When  a  mixture  of  one  pari  of  pure  t«Tt\^  <a^4^  Mst^  ^^"^ 
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parU  of  dry  nitr©  is  heated  to  ftiU  redness  for  nil  hour  \n  ft  covered  crwcii- 

l>li?t  ttwd  tlie  result iiig  brown,  porntis,  dt?litju«acetit  niASfl   is  treated  ^Utn 

j  cold  with  ice-cold  water,  n  dt*ep  iinjLHiiyaline'red  i^olulion  of  poliisMiura  fer- 

I  mtc  is  iibtAiiied.     The  smne  palt  may  be   tuorv  eueilj^*  propari-d   bj  poM^ing 

I  chlorine  gaa  through  u  slroiig  soluli*iii  Mi'  potusb  in  which  recently  precipi- 

tuied  ferric  hydrutc  m  eui^peniled;  it  in  then  deposited  as  a  black  powder, 

which   may  be  draitied   upon  a  tile.     It  con**ist«  of  FeO^K,  or   FeO^UK^ 

I  The  solution  of  the  s;ilt  gradnally  deuomposeH,  even  in  Ihe  coUl,  and  rapidly 

when  heftied,  giving  off  ujtygeu  and  depoailing  sesquioxide^     The  *cilutiaii 

\  of  potJ4,^$inm  ferraie  give^  no  precipittite  with  sails  of  calcium,  magneaiunj, 

or  stroll  till  til,  but  when  mixed  with  a  barium  siiK  tt  yields  a  deep  crtniBon, 

insoluble,  barium  ferrate^  FeO^lia,  or  FeOj.BaO,  which  is  very  permanent. 

,  Neither  the  hydrogen  salt  nor  ferric  acid,  FeO^Hj,  r>or  the  corresponding 

axUiydrous  ox.ide»  FeO^  is  known  in  the  separate  state. 

FEnnoirii  Sft.riiATK,  SO^Fe'MOO^  SO^.FeO.TOII,*  — This  beautiful  and 
I  imporlimt  Kalt,  euiiifnonly  culled  ffrrrn  vifrtol,  iron  mfriol,  or  ropprm*^  may  be 

]  obtained  by  diswolving  irou  in  dilute  sulplmrrc  acid:  it  i»  generally  prepared^ 

t  bowever^    and   on  a    very   largo  scale,    by   contact  of  air  and    moi>iiire 

with  common  iron  pyrile?^,  which,  by  absorption  of  oxygen,  reatlily  fur- 
I  nisbefl  tlie  subi«lance  in  qucslioti.     IT  imps  of  this  material  are  eicpo^ed  to 

!  the  air  uniil  the  di*compo»ition  is  sufficiently  advanced:  the  salt  produced 

is  then  dii^solvcd  out  by  water,  and  the  solution  made  to  cryi*taJliie.  It 
I  forms  large  green  eryslalftt  of  the  compoaltion  above  stated,  which  slowly 

effloresce  and  oxidine  in  the  air:  it  is  soluble  in  about  twice  its  weight  of 
]  cold  water.     Crystals  containing  4  and  also  *J  moleculee  of  water  have  been 

I  obtained.     Ferrous  sulphate  fornix  double  salts  with  the  f^ulphiites  of  potas^ 

slum  and  aminonium,  coniaining  (SO^I^Fe'^KjOOflj,  and  (8U^)jFc^'(NHjj* 

6011^  isomorphous  with  the  corresponding  magnesium  salts. 

I  Fkb&io  Sulphate,  (SOJjFe''''^  or  SSOj.Fl^^Oj,  is  prepared  by  adding  fa 

a  Holution  of  the  ferrous  Halt  eiactly  one  ualf  a-*  much  aulplniric  acid  as  it 
already  contains,  raistug  the  liquid  to  the  boiling-poinl,  an<l  then  dropping 
in  nitric  acid  until  the  solution  ceases  to  blacken  by  such  addiliou.  The 
red  liquid  ihus  obtained  furnishes,  on  evaporation  lo dryness,  a  biiff-eolored 
amorphous  niasji,  which  dissolves  very  »h>wly  when  put  into  water.  With 
the  sulpUales  of  potajf«<iuni  and  atnmouium,  ibis  salt  yields  conipound?  hat* 
ing  the  form  and  constilutiori  of  alums:  the  potaewiuni  »aU,  for  example, 
has  the  composition  j'Sl)^).^Fe^"'K. I2t>ll^    The  crystal  are  nearly  des^litute 

'  of  color;  they  are  decomposed   by  water,  aud   sometimes  by  long  ke;^piug 

in  the  dry  state.    These  salts  »re  best  prepared  by  exposing  to  spoulaueous 

I  eTaporaiion  a  solution  of  ferric  sulphate  to  which  potassium  or  ammoiiium 

sulphate  has  been  added. 

Febrocr  NiTiiATE  (NOj),^Fe'^  —  When  dilute  cold  nitric  acid  is  made  to 
act  to  saturation  upon  iron  uionosulplnde,  and  the  solution  is  evaporated 
in  a  vacuum,  pate-green  ami  viry  Holubie  crystals  of  ferrous  nitrate  ure 
obtained,  which  arc  very  Buhjeet  to  alteration,  Frrrk  nitrate  is  rea<lily 
formed  Viy  pouring  nitric  acid,  .*<lightly  diluted,  upon  iron:  it  is  n  deep-red 
liquid^  apt  to  deposit  an  insoluble  basic  salt,  and  is  used  in  dyeittg. 

FEaaous  Cakbonate.  CO,.Fe"  or  CO^.Pe^'O.  —  The  whitish  precipitale 
obtained  by  mixing  solutions  of  ferrous  salt  nnd  alkiiline  carbonate:  it 
cannot  be  wai«hed  and  dried  without  losing  carbonic  neid  and  absorbing 
oxygen.  This  substance  occurs  in  nature  as  *ptiihntf  iron  ore,  or  iron  trptttt 
associated  with  variable  quantities  of  calcium  and  mngnesiuin  carbonates; 
also  in  the  common  ci<i!if  iron-ttonf^  from  which  nearly  ult  the  British  iron 
18  mude,     1%  is  often  found  in  mineral  waters^  being  soluble  in  ejteeat  of 
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^rbonio  acid ;  sucli  wfttcra  are  known  by  rhe  ruRty  matter  thej  deposJL  on 
Lpufiiaro  to  the  air.     No  fen  ic  cmboimre  itj  kuowu. 
The  pkotjihattM  uf  iron  are  ail  In^uluble. 

Ibok  SuLrttmss*  >— SeToral  compound^^  of  iron  nntl  sulpliur  nre  described: 
these   Ihe  two  most  iniporUnt  ura  the  falJowijig.     Tlie  monomlphide,  or 
0(M  9tUphidey  Fe8^  is  a  blnekii^h  brittle  subiHnncL\  altrwclcd  hj  the  iii ag- 
let, lormi'd  by  Loatiug  ttjyefher  inm  und  jfulphur.    It  isdjs?«ulTed  by  ddutt? 
cids,  with  evoluuoii  of  sulphurelted   bydrogcu  gui?,  uiid  ta  couslaittly  uia- 
^loyed  for  that  purpusie  in  tUe  lubonaory^  being  nmde  by  pruji^otiug  into  ^ 
-hot  crucible  a  mixturo  of  '1\  partii  of  sulphur  und   4  purts  of  iroti  Jil- 
tigs  or  boriugt<  of  cji^t-iroii,  and  excluditig   ibo   air  na  inueh  as  possiblft. 
Ph«  wime  subi-lance  ia  banned  when  a  bar  of  white-ho(   iron  is  brought  in 
pontact  with  aulphur.      The   hisuipktde,  FeSj,   or   iron    py riles,   i»  a  imtuval 
product,  occurring  iu  rocks  of  all  agi^s,  and  evideiitly  iotincd  in  uian^  ca^es 
by  the  gradual  di?o nidation  of  ferroua  Bulpbate  by  orgunte  iwatter.     It  haii 
bra3»*-yeUiiw  iudor,  is   very  hard,  uot   ailracttd   by  the   magnet,  and  not 
cted  upon   by  dilute  acids.     When   it  it*  expotned   lo  heat,  «ulphiir  is  ex- 
clled,  and  an  intermediate  sulphide,  Fe^S^.  anahigou?i  (o  llie  black  oxidOf 
!  produced.    This  Huhi«iuuee  also  oocuru  uaiivei  undi^r  Ihe  naiue  o(  tmi^neiie 
\frilea.     Ij*on  pyrites  i»  tbe  material  tmw  chiefly  employed  for  the  manu- 
!  of  sulphuric  ftflid ;  for  thia  purpose  the  mjiifral  is  roasted  in  a  our- 
eai  of  air,  and  (be  Mulphurouf*  acid  formed  i^  |i!i**sed  into  tbe  leH<l  ebam- 
ers;  the  residue  conwista  of  iron  oxide,  rrequently  coiiiaiiiing  a  (|unutity 
f  copper  targe  enough  to  render  the  extraction  of  ibiit  metal  remuueralive* 
Compounds   of  iron  with  phofphoriu^  carbon^  and  tiUcittm  exist,  but  little 
i  known  respeeting  theru  in  a  dcfttiile  state.     The  carbonide  is  contained 
cast-iron  and   in  steel,  lo  whieh  it  cotumutiicates  ready  fusibility ;  iho 
llUcium  compound  Is  also  found  in  cast-iron.     Fbospborus    ih  ik  very  hurt- 
1  fiub^taneu  in  bar  iron,  as  it  renders  it  bntile  or  cM^h^rL 


RsACTiojf^  OF  Iron  1?\lt9.  —  Fi^rroun  jtalts  are  thus  diMinguished : 

CittiHic  uiktiiujf,  and  autmonta,  give  nearly  vvhitc  precipitates,  insolublle  in 
HCeaa  of  the  reagent,  rapidly  becotning  green,  and  ultimately  l>ro%vu,  by 
Uposure  to  air.  The  carhmaies  ot  potatnum,  sofimm,  and  iWimfmium  throw 
iown  whitish  ferrous  e»irbonatc,  also  ver^*  subject  lo  ebimge.  Hjfdrotfen 
utphuk  gives  no  preeipitale,  but  ammaninm  Mu/phuir  ihrowM  downbbiek  fer* 
uus  Holphide.  Moluble  in  dilute  acids.  f*oUt**funt /trroct/autJ{:  givas  a,  Ufuvrlf 
rhite  preeipitate,  becoming  deep-blue  on  exposure  to  air. 

JhWrn;  ^alu  are  thun  charaeteriited  r 

(7ittM/je  ^xcd  alkmtitM  and  ammonia,  give  foiy-red  ptecipltatea  of  ferric 
liydrate,  insoluble  in  excess. 

The  atrhonnirs  behave  in  a  similar  manner,  tho  carbonic  acid  escaping. 

Ili/droyfn  autphide  gtTcs  A  nearly  while  precipitate  of  sulphur,  and  re- 
iices  the  seaquioxide  to  monoxide.  Ammommtt  ^uiphtde  giTCs  a  black  pre- 
Ipitate,  slightly  soluble  in  excess.  Pufas^um  frtrocrfdn^df  yields  Prussian 
llue.  Ttnciurv  or  infusion  of  yall-nuf$  strikes  intense  bluish-black  witli 
be  most  dilute  solutions  of  ferric  salts. 


Iron  Humfacture.  —  This  most  Important  branch  of  Industry  oonsUt«,  fta 
t>w  conducted,  of  two  distinct  pari^ —  viz.,  the  prodncliou  frutu  the  oru  of 
^fusible  carbonide  of  iron,  and  the  subnequvni  deeumpusition  of  the  car^ 
Dnide,  and  its  conversion  into  pure  or  malleable  iron. 

The  eUjAroa  ore  h  found  ju  iiH.iociaiion  with  Ci>a\,  tr»tn\\ti^  vVuv  Xi**^*  ^t^ 
^a/es:  it  couainU,  tts  aiready  niciittoticd,  of  iei'i:\)U:a  cifci:\>\>u^l.tt  mvxsi'i  W\W 
S4'f 
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with  clay.  Siieh  is  tU©  origin  of  cnido  or  cast-iron,  of  which  there  itre 
■evcral  v«rtelleM,  (Iit^liiigiii9be<l  by  diffcretices  of  color,  hardncBjt,  niiil  com- 
pomtioti,  iirnl  known  by  the  i»fiiae»  of  i/rntf,  Llark,  ami  whte  iron.  The  first 
IB  for  nio*it  purposes  tht?  benl,  as  it  udinits;  of  b<Mug  filed  and  cut  wilh 
perfect  eaae.  The  black  ujid  ^vny  kinds  probablj  oontjiin  a  meeh&Rkal 
admixtnre  of  grnphife,  which  sepnrfito^  duriiip^  »oltdtficfttion. 

A  {^reiit  improveiuenL  h&»  been  made  in  the  iibf>s'e-dc"»crib<HJ  procoM,  hy 
substituting  rnw  eoal  for  coke,  ami  blowing  hot  air  inr^tfad  of  cohl  iuto  the 
furnace.  This  is  cfloctcd  by  causing  the  air,  on  leaving  the  blowing-nmeliiue, 
to  circulate  through  a  system  of  red-hat  iron  pipfw,  until  its  t4.'inpcrjit«ro 
bocomcs  high  enough  to  melt  lead,  Tbia  aUvration  has  already  efTpctrd 
a  prodigious  sating  in  fuel,  without,  it  appears,  any  injury  to  the  quality 
of  the  product. 

The  Ci>n version  of  cast  into  bar  iron  ia  effected  chiefly  by  »n  operation 

unlii^d  pwifUmff  i  previous  to  which,  however,  it  coinnionly  undergoes  a  pro- 

oea«  called  rrjinintf.     It  is  remeked,  in  contnct  with  the  fuel,  iu  gmall  low 

furnaces  called  rrjiHeritjt^  while  air  ia  blown  over  ii»  surface  by  means  i»f 

iwyeres*    The  effect  of  this  opemtioo  i«  to  deprive  ihe  iron  of  a  great  part 

of  the  carbon  and  Eillcium  aM^^oci  iied  with  it.     The  metal  thus  purified  la 

run  out  into  a  trench,  and  suddenly  cooled,  by  which  it  becomes  whtto, 

cryetaUine,  and  exceedingly  hard  i  iu  this  state  it  is  cii\\v\\  fine  mrial.     The 

puddling  process  is  conduct ed  in  an   ordinnry  reverberatory  fiirnaci?,  into 

which  the  charge  of  tine  metal  t9  introduced  by  a  side  aperture.     This  la 

speedily  melted  by  the  flame,  and  \\»  surface  covered  uiili  a  crust  tjr  oxide. 

The  worknmn  then,  by  the  iiid  of  an  iron  tool,  dili^renily  stiru  liie  nieUed 

masii,  §o  as  intimntely  to  mix  the  oxide  with  the  metal:   he  now  and  then 

ftlso  throws  in  ^  little  water,  with  the  view  of  promoting  more  rapid  oxida- 

^wiion.     Soiall  jets  of  blue  flame  e^oon  appear  upon  I  he  surface  of  the  iron^ 

^Hhnd  the  latter,  after  a  time,   begins  to  lose  its  Ihiidily,    and  acquires,  in 

^^Kuecession,  a  pa»>ty  and  a  granular  condition.     At  ihi;^  point  the  tire   ia 

^^nlronglj  urged,  the  sandy  particles  once  more  cohere,  and  the  contents  of 

^BUie  furnace  now  admit  of  being  formed  into  scventl  large  hulls  or  masses, 

'        which  are  then  withdrawn,  and  placed  under  an  immense  hammer,  moved 

by  machinery,  by  which  each  beconu^a  quickly  fajihioued  iuio  a  rude  bar. 

This  18  reheated,  and  passed  between  grooved  ca»t-iron  rollers,  and  drawn 

out  into  i^long  bar  or  rod*     To  make  the  beii*i  irnn,  the  bar  is  cut  iuto  a 

number  of  pieces,  which  are  afterwards  piled  or  hound  t<iget her,  again  raised 

to  a  welding  heat,  and  hammered  or  rolled  into  a  single  bar;  and  this  pro- 

Pcess  of  pilmff  QV  /tstjottnfj  is  Mometimeii  twice  or  thrice  repeated,  the  iron 
l^ecomiog  greatly  imprcived  lljer*djy. 
^  The  grmeral  nature  of  the  change  in  the  puddling  furniice  is  not  difficult 
lo  explain.  Cast  iron  consista  essenttally  of  iron  in  combination  wiih  car- 
Ibon  and  siHcium.  When  strongly  heated  with  iron  oxide,  ihose  couipounda 
MIKlergo  decomposition,  the  carbon  and  silioium  becoming  oxiiliztjd  at  the 
ibcpcnse  of  the  oxygen  of  the  oxide.  As  this  change  takes  pluce,  rhe  metnl 
P'adnany  loses  itn  fusibilily.  but  retains  a  certain  degree  of  adheniveness, 
io  that  when  at  last  it  comes  under  the  tilt-hamnier,  or  between  the  ruller.% 
Ibe  particles  of  iron  become  agglutinated  into  n  »olid  ma^s,  while  the 
readily  fusible  silicate  of  the  oxide  is  tiqueeicd  out  and  f^epa rated. 

All  these  processes  are,  in  Ureal  Britain,  performed  with  coal  or  enkc; 
It  the  iron  obtained  is,  in  many  respect s«  inferior  to  that  mndc  iu  Sweden 
id  RtiBsia  from  the  magnetic  oxide,  by  Ihe  iiite  of  wood  charcoal,  —  n  fuel 
dear  t<>  be  extensively  employed  in  England.  Plate  iron  ta^  however* 
ttnetimes  made  with  charcoal. 

Btt*L^-^\.   \tTj    renuirkaUle   and    moul   useful    fu1>Mti^\c^,  ^TVs\»^vt<ii^  \\s 
tating  Iron  ttf  contnct  iiit/i  charcoal.      U»r»i  of  Swv^tV\ttV\  Vti>i^  tvvit  \w\\w^i^'«i*!i' 
«|mr^i  powder,  contAJneil  in  a  largts  ii;clau\Lu\ikr  cTuii\\A*a  v»t  e\it**v  ^^ 
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some  BtibatADce  cnpable  of  resist tng  the  Sre,  and  exposed  for  many  hou 
to  a  full  red  heat.     The  iron  lakes  up,  under  these  eircumi»tiincci«,  froni^ 
1*3  to  1*7  per  cent,  of  carbon^  becfiming  harder,  and  at  the  rjiujc  tiu>if 
fusible,  with  a  certain  diminution,  howpver^  of  malleabilitj.     The  HeiivtJ 
apreiit  in  this  cemeutulion  procvss  is  probftblj  cnrbonic  monoxide:    ihl 
oiygen  of  the  air  in  the  crucible  combines  \%'ith  the  cjirbon  to  form  thali 
BulHlnnce,  which  is  alWrwards  decomposed  by  the  heated  iron,  one  half  of  J 
its  carbon  being  abstracted  by  the  latter.     The  carbon  dioxide  thus  foroui 
takes  up  an  addiiional  dose  o?  carbon  from  the  charcoab  and  again  becorticit 
monoxide,  the  oxygen^  or  rather  the  carbon  dioxide,  acting  iws  n  carrier 
between  the  charcoal  and  the  metal.     The  product  of  lhi»  operation  i|( 
called  btistrrfd  steeh  from  the  bliBtered  and  rough  appearance  of  the  bars: 
the  texture  is  afterwards  improved  ntid  erjuurued  by  welding  a  numWr  of i 
these  bars  together^  and  drawing  the  whole  out  untler  a  light  Lilt- ham tii«r«] 

8omc  eh  enlist  8  have  recently  as.»ieried  that  introvgen  is  nceessary  for  thw 
prodtietiofi  of  steel,  and  imve,  in  fact,  attributed  to  iia  presence  the  peculiar! 
properties  of  this  material ;    others,   agniti,   hnve  disputed  this  asser1ioii,T 
and  believe  that  the  tran^itormation  of  iron  into  steel  depends  upn«  thi 
asMimihition  of  carbon  only  ;   eiperiineutally,   the  question  remains   un* 
decided. 

Excellent  steel  is  obtained  by  fusing  pray  cast-iron  with  tungstic  oxide M 
the  curbon  of  tlie  iron  reduces  the  tung^^tic  oxide  to  tungvten  (p.  424)^  ( 
which  forms  wilh  the  iron  an  alloy  possessing  the  properties  of  steel.  Thflp| 
qutintity  of  tungsten  tlius  ab>iorbed  by  the  iron  Is  very  small,  and  sonifl 
cheini»(s  attribute  the  pro[>erlies  of  the  so-CMlle<l  tungsten  aleel  to  the  gcn-l 
oral  treatment  rnther  thjin  to  the  presence  of  iungsten. 

The  most  perfect  kind  of  steel  is  that  which  has  undergone  fusion,  hut 
ing  been  cfi.^^t  into  ingot-iiiould.'*,  and  nflerwards  hammered:   of  tbi«  all  fin«f 
cutting  instruments  are  made.     It  is  diflicult  to  forge,  requiring  great  skill 
and  care  on  the  purt  of  I  be  operator. 

8teel  may  also  be  made  directly  from  somci  particular  Yarieties  of  cfut-^ 
iron,  as  thut  from  spat  hose  iron  ore  contaiuing  a  little  mangiinese.     Th^' 
roeial  is  retained,  in   a  melted  state,  on  the   heartli  of  a  furniice,  while 
Ftream  of  air  plays  upon  it,  and  causes  partial   oxidation:  the  oxide  pro- 
duced reacts,  as  before  stated,  on  the  carbon  of  the  iron,  and  withdraws  9t\ 
portion  of  that  element.     When  a  proprr  «legree  of  siilfnefift   or  pastinesi 
is  observed  in  the  residual  mi'lal,  it  is  withdrawn,  and  hummcred  or  rolled^ 
into  bars.     The  tr^^nfz,  or  native  steel  of  lodin,  is  probiibly  made  in  thii 
miiuner.     AnneaJetl  cn^it  iroHj  souietimes  called  mn-ttffl,  is  now  much  em* 
ployed  OS  a  sub>«tifute  for  the  more  cor^rly  products  of  the  forge:  the  art! 
eleSf  when  east,  nre  imbedded  in  powdered  iron  ore,  or  some  earthy  nta-*! 
terial,  and,  after  being  exposed  to  a  modernte  red  heat  for  some  lime,  ar< 
allowed  to  cool  slowly,  by  which  a  very  extraordinay  degree  of  softness  nndl 
nuilleabiliiy  ia  attained.     It  is  very  possible  that  some  little  decnrboniialioo 
may  take  place  during  this  process. 

BrMnnrr  Atr^lin  produced  by  forcing  atmospheric  air  into  melted  ca*t*iron. 
The  carbon  being  oxidixed  more  readily  I  linn  the  iron,  it  is  converted  into 
carbon  monoxide,  which  escapes  in  a  sufficiently  heated  state  to  take  fimj 
on  coming  in  contact  with  atmospheric  air.     Considerahle  heat  is  generated! 
by  the  oxidiition  of  the  carbon  nnd  iron,  so  tbat  the  temperature  is  keplj 
above  the  melting  point  of  steid  during  the  whole  of  the  operation.     When 
the  deciirl>tirntion  has  been  carried  far  enough,  the  current  of  air  isstoppe 
and  a  smnU  qunniity  of  white  pig-iron,  contain  ing  a  large  anir>unt  of  man-J 
gitiiese,  is  dropped  into  the  liquid  mi'tal.     This  serves  to  factlittite  the  8e| 
artiiion   of  nny  gns  retained  wilh  the  melted  mcl«l,  which^  aft^r  s  fti 
minutes'  rest,  is  run  into  ingot -moulds. 

The  mvBi  rtiuarkahle  propert jr  of  siteel  is  that  of  becoming  fzcGedlngljp 
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ird    wlicn   quickly  cooled.      When    heatml    to   rptlnoaa^    and    suddenly 

buenchod  in  cold  water*  steeli  in  fact,  becomes  cttprtljle  of  scrutching  gliitis 

rith  fttcilitjr:  if  reheated  to  rcuhje«»,  und  once  mure  left  to  cool  slowly,  ii 

gain  becomeji  nearly  as  soft  n»  ordinary  ircm ;  ami  between  theae  two  eoa- 

litionA,  Any  required  degree  of  httntnc^a  niiiy  l*o   aniiined.     The  artiulea, 

;<(  into  ehnpe,  are  firnt  hiirdened   in  the  manner  degunbeij ;   tfiey  arc 

iien  Umpm^^  or  Ut  ihfrn  by  expostire  to  u  proper  degree  of  nnneuling  heat, 

rbich  ta  often  jndK*-'**  ^^  1>.V  the  color  of  the  thin  film  of  oxide  which  np* 

ears  on   the   polished   surface.     Thus,   a   teinperntyre   of  about   221**  C. 

130**  F.),  indicated  by  a  faint   straw  color,  give.>i  the  proper  temper  for 

tiors:   that   for  scissors,   penknives,   Sic^  is  comprj;*e!i  between  ^43"  C. 

1470**  F.)  and  ^af*  C.  (¥M}°  F.).  hud  h  indicated  by  a  full-yellow  or  brown 

Int.     Swords  and  wntch-j^pringM  require  lo  he  softer  ami!  more  elliptic,  and 

aim  b«  heated  to  288^0.  (fuiO^  F  )  or  2^:^^  C.  {>>00°  F).  or  until  the  surfaco 

ocneB  deep  blue.     Attention  to  the^e  colors  liaR  now  become  of  lens  im- 

orlance*  as  metal  tatiia  are  oltcii  Huhbiiiuted  for  tlic  open  fire  in  ihia 

operation. 


mCKEL. 

Atomic  weighty  {>b'8,     Symbol,  Nl. 

Nickel  is  found  in  tolembk  abundnncD  in  Boino  of  ttie  metal-bearing 
etnti  of  ihcSaxoti  muuntain«f  in  Westphalia.  Bessia,  Hungary,  and  Sweden, 
liieflj  aa  arsenide,  tbe  kupfrrnickd  of  mineralogist?,  bo  called  from  its 
^etlowisb-red  color.  The  word  nkkel  is  a  term  of  detraction,  having  been 
pplied  by  the  old  German  iniuera  to  what  was  looked  upoD  ais  u  kind  of 
Ise  copper  ore. 

The  artificial,  or  perhaps  ralher  merely  fused,  product,  called  tpmt^  ia 

early  tbe  same  Hubatance,  and  may  be  employed  aa  a  source  uf  the  nickel* 

nitii.     This  metal  is*  found  in  meteoric  iron,  aa  nlready  meiiiioned. 

Nickel  is  easily  prepared  by  exposing  the  oxnhtte  to  a  high  white  bent, 

CJ'Ucible  lined    with   ehiircoal,  or  by  reducing  une  of  tbe  oxides  by 

It  of  hydrogen  at  a  high  teinper.iture.      It  ia  u  white,  malleable  nielal, 

ng  a  deusiiy  of  H'8,  a  high   melting-point,  aitd  ii  leus  degree  of  oxida- 

y  than  iron*  since  it  is  but  lit  He  at  lucked  by  dilute  acids.     Nickel  is 

llrongly  magnetic,  but  losses  this  property  when  hen  led  to  ZhKP. 

Nickel,  from  it«  resemblance  lo  iron  and  cobalt,  \»  regarded  as  a  telrad, 
llthough  it  forms  only  one  chloride^  in  which  it  id  bivalent^  and  no  oxygen- 
\lM  aoalogous  lo  the  ferric  Halta. 

KicKKL  CiiLoztrDj;,  Ni'^Cl^ — This  compound  Is  easily  prcpareii  by  dia- 
olving  oxide  or  earbonale  of  nickel  in  hydrochloric  acid,  A  green  solu- 
^on  is  obtained  which  furnishes  crystals  of  the  same  color,  contuining 
ITiitcr.  When  rendered  onhydrouH  by  heal,  the  chloride  is  yellow,  unlctfa 
'Vcontaina  cobalt^  in  which  ca^ci  it  ha^  a  lint  of  green, 

KicKiL  OxiPKs.  —  Nickel  forma  two  oxides  analogous  to  the  two  principal 
S»xidc9  of  iron. 

The  nwnoride,  Ni'^Of  is  prepared  by  hen  ting  the  nitrate  to  redness,  or  liy 
recipttaling  a  Boliible  nickel  wall  with  cuui<i)c  potawh.  and  wa^thing,  drying, 
Ekit  igniting  tbe  apple-green  by d rated  oxide  thrown  down.  It  in  an  HJshy- 
ray  powder,  freely  soluble  in  acids,  which  it  completely  U€uUft\\xv%,  l«T\ft,- 
ng  a  Jills*  isomorpfaoijji  trilh  those  of  magnci^ium  aiuV  lUvs  (yVWt  \i\'ifc'«vyift't%  til 
he  i^anw  group.  Nickel  8aJt.«*,  when  Uyd rated,  Vitwfc  uftUtvW^  ^  \>^^\kVvWi. 
uvt^U'green  color;  in  the  anhydrous  atate  iliej  w«  ^fiWoYi* 
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Tbfi  Mnquiotidt^  NijO,*  i%  fi  bluck  insoluble  substnnec,  pr<^piired  by  ] 
ing  chlorine  through   ihe   bjdruted  muniixiUe  etitipeuded  in  water;  niclc^ 
chloride  m  then  farmed,  and  Lbe  oxyg«?n  of  the  oxide  decomposed  is  tra 
fcrred  *i>  a  iiecoud  portion.     It   M  ttJtjo  produced  when  a  salt  of  nickel  i 
mixed  with  a  !<o1iiiii)a  <>!' blenctiing-povvder.    The  sesquioxide  ift  deeompo» 
bir"  lietttj,  and  uvolvea  clilorinu!  vvbcy  treated  with  hoi  hydrochloric  acid* 

NirKEL  8^L^tTATr.,  SC\Ni.TOTIj. — This  is  tbe  most  important  of  the  nicke 
aaltii.     It  forms  gretun  prisniiitit:!  erysluW,  which  rei|uire  8  pnrts  of  cold  wiiU 
for  ftolulioti*    CrystaU  witii  0  molecules  of  water  hftve  nUo  been  obiaine* 
It  fornix  with  the  sulphiite.^  of  pota^^ium  ard  ntHLiitoniuri)  besnliful  doitblj 
fittlta,  {80,)3Ni''K.ilCHf J,  iind   (.S(J^j^Ni''(NH4).60IJj,  isomorphoua  with 
corresponding  magnesium  Kults. 

\Vhen  \i  t«trong  etuhtiion  of  oxalic  acid  i^  mixed  with  sulphate  of  nickel^  1 
pule  blui»h-greun  precipitate  of  oxalnte  falls  after  some  tinte,  verjr  littlff 
Dickei  remaitiiti^  in  solution.  The  oxal&te  c&n  thus  be  obtained  for  pre- 
piirlng  ihc  metttL 

Nickel  Cahbonatk,  COjNl. — When  sololions  of  nickel  sulphate  or  chl 
idc  and  of  sodium  carbomtre  ore  mixed,  a  pnlc-grecn  precipitate  falls,  wbii 
is  a  combination  of  nickel  cutbontiLo  and  bjdrate.    It  is  readilj  decoxnpi 
by  beat. 

Pure  nickel-snltM  nre  conTcniently  prepared  on  the  pmall  stcalc  from  crw 
8pci»ig  i>r  kuplerntckcl  by  the  foIh>vviiig  prwess  :  The  mineral  is  broken  \\ 
emtill  fragment 8,  mixed  with  from  one  fourth  to  bdlf  it8  weight  of  i 
filings^  and  the  whole  dissohed  in  nitrotimriatic  acid.  The  .«uh)tiun 
gently  evaporated  to  dryne^^s,  the  residue  t rented  with  hoilitig  water, 
the  insoluble  iroa  arsenate  retimved  hy  a  filler.  The  liquid  is  then  acidi 
latcd  with  hydrochlorio  ncid,  treated  with  hydrogen  gulphide  in  exce: 
which  prceipiiiilcs  the  copper,  and,  tiftrr  ftltration,  boiled  w  ith  a  little  nil 
acid  to  bring  back  the  iron  to  the  i»tnte  of  seaqnioxide.  To  the  cold  ai 
largidy  diluted  liquid  solution,  acid  sodiutii  cnrbouaie  is  gradnally  odd* 
by  wkicii  the  ferric  oxide  laay  be  coui^detely  HCpanited  without  loiw 
nickel-sali.  Lastly,  the  filtered  ^okition,  boiled  with  sodium  carbonate 
exoei<<».  jiolda  an  abundant  pstle-green  preeipHate  of  nickel  euibunale,  fn 
which  all  the  other  couipontid«i  may  be  prepared. 

The  precipitate  tliu»  obtained  niuy  i^rill,   however,  oonlain  cobalt,  t 
teparatiou  of  which  i.h  not  very  easy.     Several  mcihodg  of  separating  f  lici 
metalH  have  been  proponed,  the  beat  of  which  it*,  perhaps,  that  of  II.  Hoi 
The  mixed  oxides  or  carbonates  being  dit^solved  in  excesis  of  h^drochlo 
ttcid,  the  solution,  largely  diluted  with  water,  is  super-saturated  with  chlor- 
ine gns,  whereby  the  cobalt  monoxide  is  converted  into  sepquioxide,  whilft 
Ibe  nickel  mononido  remains  nnnltered.     The  liquid  is  next  mixed  w  "' 
excess  of  recently  precipitated  bnrium  carbonate,  lefl   to  stand  for  IweV 
to  eighteen  hour**,  and  nbaken  up  from  time  to  tiiue.    The  whole  of  Ihecobi 
is   thereby  thrown  down  afi  He.-(|uioxide,  while  (be  nickel  remains  in  soil 
tion»  and  niny  be  precipitated  as  hydrate  by  potash,  after  the  barium  al 
contained  in  the  solution  has  beott  remoTcd  by  precipitatioo  with  sulphuric 
acid> 

Nickebsalts  are  well  cbnracterized  by  their  behavior  with  reagents. 

CnuAtk  alkfthes  give  a  pale  npplegreen  precipitate  of  byilrale,  insoln' 
in  excess.  Atnmmun  atTord^  a  siinibir  precipitate,  which  it»  ^^oluble  in  exec 
with  deep  purplisb-bbie  color.  Poliimium  and  »odntm  ettrfjomtle*  give  pal 
green  precipitates.  Ammontum  Cftrbotiute,  a  similar  precipitate.  (oltiMe 
excess^  with  blue  color,     Pota*xium  ffrrpn/ftnifie  gives  a  grceuigh-white  pi 


or- 
tilft      J 
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*  Prtr  ttthPT  monitv  ttf  ttr<fmrntiu^  tilcknt  ntul  eintmlt, »««  Qmelin'c  Hnndbook,  vol. t. pp.  i 
r  Hutttit  DicUuniuy  of  Chwiniilry,  toV. L \f,  VMa, 
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cipitatc.  Potassium  cyanide  produces  a  green  prcclpitnlo,  which  iJissolves  in 
an  excons  of  rhe  procipitanl  lo  an  uniber-cniorud  liquid,  and  [«  rt'precipituted 
'  an  addition  of  hydrucbloric  acid.  Ilt/tfrofjin  »utphuk  occiisicmw  no  chtinge, 
^ihc  uickel  b©  in  combiiialion  with  a  strong  atiid.  Auitnomum  futphtdi  prt>- 
ncea  a  black  prt'cipitale  of  nioktd  aulpliide,  which  dissolves  »li|fbt]>'  in 
Kcess  of  the  precipitant  with  dark-brown  color.  Nickel  sulphide  wht-n 
ace  precipitated  id  insoliihle  in  dilute  hydrocbloric  acid ;  it  is  soluble  in 
llromuriaiio  and  la  hot  nitric  noid. 

The  chief  u»«  of  nickel  in  the  urts  is  in  the  preparation  of  a  white  alloy, 
Dmetiuies  called  German  Milver^  made  Viy  nreUing  logeiher  HX)  parts  of  cop- 
60  of  tiiiQ,  and  40  of  uiokeh     This  ulloy  is  vury  luallviible,  auii  takes  a 
gh  polisk 
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This  subulatice  bcarst  m  many  reepeotfif  a  close  resemblance  to  nickel:  il 

often  associated  with  the  latter  in  uuturo^  and  may  be  obtained  from  ile 
ompound»  by  similar  means. 

colialt-sall  free  from  nickel  may  be  prepared  by  Rose's  proces*  just 
cribciL  The  precipiiate,  tonnisling  of  colmli  8t'.st|ni«3tide  mixetl  with 
l^riuni  carbonate,  is  boiled  with  hydrochloric  acid  to  reduce  the  ^^obalt 
^HquioKidc  to  monoxide,  and  disaoWe  it  as  a  chloride  together  with  the 
pkrium.  The  latter  luetal  is  then  precipitated  by  sulphuric  acid,  und  from 
be  filtered  lifpiid  the  cobalt  rnay  be  preoipitaiod  a««  hydrate  by  potash, 
,  solution  of  cobalt  free  from  nickel  may  ali^o  be  oblaincil  by  precipiiaiing 
mixed  solution  with  oxnlie  acid;  (he  wbola  of  the  nickel  is  thereby 
recipitatcd,  together  with  a  small  portion  of  the  cobalt,  leaving  pure 
pbalt  in  solution. 

Cobalt  is  a  white,  brittle,  very  tenacious  metal,  having  a  specifto  f  ravity 
'  8*5,  and  a  very  high  melting-point.     It  is  unchanged  in  the  air,  and  but 

ebly  attacked  by  dilute  bydroishloric  and  sulphuric  acids.     It  is  strongly 

Agnetic. 

Cobalt  forms  two  classes  of  pnlts,  analogoiii^  in  composition  to  the  fcrroui 
Hd  ferric  saltn ;   but   Ibe   cobaliic  saltt^,  in  which  the  metal  is  apparently 
cut,  are  \Qrj  unstable. 


[>iiinE8. — The  dkhlorid/  or  Cobftffom  efdoride^  Co^'Clj,  is  easily  pre- 
ared  by  dissolviog  the  ©lide  in  hydrochloric  acid;  or  it  may  be  prepared 
rcctly  from  athali-^tjianct^  the  native  arsenide,  hy  a  process  exactly  simitar 
I  thai  described  in  the  caae  of  nickel.     It  forms  a  deep  rose-red  solution, 

^hich,  when  sufficiency  strong,  deposits  hydrated  crystals  of  the  same 
Olor:  when  the  li(|»rnl  is  evaporated  by  heiit  to  a  very  small  bulk,  it  de- 
osils  anhydrous  cry-ilnls,  which  are  blue:  these  latter  by  contact  with 
tttcr  agnin  diMHulvi?  to  i\  reif  liquid*  A  dilute  solution  of  coVmll  chloride 
Diistitni*  H  the  woll-kqown  hhte  st/mpathefic  ink:  characters  written  on  paper 
Tlh   thid  liquid   are   invisible,  from   their  paleness  of  color,  until  the  nalt 

baa  been  rendered  anhydrous  by  exposure  to  heal,  when  the*  It'tters  appear 

I  blue.     On  laying  it  aside,  nifd'*ture  is  ab!«orhed,  and  the  writing  once  more 
|^sapp<!urD.     Green  sy mpatbetio  ink  ia  a  miitiu-e  of  the  chlorides  of  colialt 
bd  nickel. 
F  The  (ftfhhriih,  or  Cohaitie  rhhridf.  Vf\f\.  is  o\>ta\tveA\u  %<A\\V\ttTv\k^  v!^\%- 
IplviD^  Ow  ^i^Siiuioxide  in  hydrochUiric   ucid,  ana  m   amaW  (\v\i(vwv\v^  \*^ 
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f 
a  dark-brown  color,  but  ^nailj  dccompoeeR,  giTing  off  chlorine  and  leftTitig 
the  rose-coloreiJ  Jichlori«le, 

Oxji>E8. — Cobfill  forms  two  oxides  annlogous  lo  tLose  of  niekcU  n\sa  two 
or  tbreo  of  intcrnicdiate  cocu position  but  not  very  well  de6ticd.  The  man- 
oiide^  or  Vohitltoiui  uxide,  Co^'U,  is  a  gray  yiuwdcr,  Tcry  soluble  in  »cid«t,  aod 
is  a  Hlrong  base,  isomorphoiis  wilb  ruugneisiii,  affording  9»h»  of  a  fine  red 
tint,  ll  it?  prepared  by  precipirtiting  cobaUous  stilpbatc  or  chloride  w»rb 
Bodium  cttrbonale,  mid  washing,  drying,  and  igiiitiug  tltp  precipilntp.  Wben 
the  cobalt-Bolulion  m  inixi:d  with  caustic  polasb,  a  bpatitiful  blue  precipittile 
fttlK  which,  when  heated,  becomes  >"iolet,  and  ui  tcngtli  dirty  red,  from  ib- 
aorption  of  oxygen  and  a  change  in  the  slate  of  hydration. 

The  sfjn]uioxide,  or  Cobaflic  ojide,  Co/)|»  i»  a  black,  insoluble,  neutral 
powder,  obtained  by  mixing  soUitions  of  cobull  and  chloride  of  lim#.  It 
dbitolves  in  aeidn,  yielding  the  cobaltic  salts. 

Ci^haltoso-mbaUie  osidt^  ^'^W  analogous  lo  the  magnetic  oxide  of  iron,  ia 
formed  when  cobalt ous  nitrate  or  oxalate,  or  hydra! ed  cobaltic  oxide,  ii 
hented  in  contact  with  the  air.     According  to  Pr6my,  it  h  n  tnalifiable  baae. 

Another  oxide,  of  acid  character,  iR  said  to  be  obtained  in  the  form  of  m 
poiiisshini  ?alt  by  fusing  the  iiionoxide  or  sewquioxide  with  potaiij>ium  hy* 
drale.  A  crystalline  salt  is  thus  formed  consisting,  according  to  Schwarien* 
berg,  of  aCojO^.KjO*  8Aq, 

ronALTora  ftrLPiiATE,  S04Co'''',T0Hj. — This  salt  forms  red  crystals,  re- 
qniring  for  BoUition  24  parts  of  eold  water:  they  are  identical  in  form  with 
thoH<?  of  magnetiiuni  sidphate.  It  combiner  wifh  (he  snlphates  of  potaBsiutti 
and  ammonium,  forming  double  saliB,  which  contain,  as  usual,  6  moleculei 
of  water, 

A  solulion  of  oxalic  acid  added  to  cobaltons  Fiilphate  occaBions*  after  some 
time,  the  separation  of  nearly  the  whole  of  the  base  in  the  state  of  oxalate. 

CoBALTotTfl  Carbcinatr. — The  alkaline  carbonates  produce  in  eolutioni 
of  eobnli  a  pale  peach-bloMom -colored  precipitate  of  combined  carbonate 
and  hydrate,  containing  3  CoIIjO^  2C(),Co. 

Ammoniacal  CooAtT  r«>Mrot^NDR. — CobaltouB  sails  treated  with  ammonia 
in  a  vessel  protected  from  the  air,  unites  with  the  ammonia,  forming  com- 
pounds which  may  be  called  ammonio-fofuiitout  mtt9.  Alost  of  them  contain 
<i  moiecules  of  aramonia  to  1  molecule  of  the  cobalt  aalt^  ihus  the  chloride 
containa  CoCl^tiNH^.  Aq. ;  the  nitrate.  Co(NOjVGNH5.  2  Aq.  They  nr^ 
generally  eryfiialliifthic  and  of  a  rose-color,  (toluble  without  decom  posit  ion 
in  ammonia,  bur  decomposed  by  water,  with  formation  of  a  basic  salt.  H. 
It<*sc.  by  treaiingdry  cobalt  chloride  with  ammonia-gAS,  obtained  the  com- 
pound CoCl3.4NH^;  and  in  like  manner  an  ammonio-^ulphaie  has  been 
formerl  coniaining  St\Co.6NH|. 

When  an  ammoniacal  solulion  of  cobalt  is  exposed  to  the  air,  oxygen  is 
nbfsorbed,  the  liquid  turns  brown,  and  new  salts  arc  formed  containing  s 
higher  oxide  of  cobalt  (either  CoJJj  or  CoO|),  and  therefore  deftigmiled 
gf'iK' rally  aa  ptrotidiifd  ammontO'CohaU  »ait».  Beveral  of  theuif  oont^nitig 
different  bases,  are  often  formed  at  the  same  time. 

MoHt  of  the  peroxiiliied  ammonio-eobalt  salts  are  composed  of  coballjc 
salts  united  with  two  or  more  nioleeules  of  aiinuooia.  The  compopitinn  of 
the  normal  salts  may  be  illustrated  by  the  chlorides,  as  in  the  following 
table :  -— 


Te/rflmmoniO'Cobnllic  chlorido       .         .     Co,Cl^ ,     4KIfj 
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OctAmmonio'Cobaltie  (or  fusoo-eobaltic) 

ehluride Co^Cl^ .     8NH, 

I)i<{:itniuionio^cohAUlc   (roseo-  and  put* 

pureo-c<>bttlUc)  cUloriJe      *         .         ,     Co,jCl^ .   ION  11, 

Dodocftnimotiio-cubiiltic  [qv  luteo-cobal- 

tic)  cbioritle Co^Cl,  *  12NIIj. 

Tbo  formuliG  of  the  corresponding  normul  nUrAtes  are  deduced  from  ilie 
ptiici^'mg  hy  Btibslituliug  NU,^  for  Ct:  those  of  tbe  su)[4iak*!f,  oxuliitufc,  &wl 
orlier  bibasic  tialtH,  by  suliMtilutirif^  ^^0^  ^W  ^^'*  *"**  ^'^r  '^'biia  tiFfiammoHio- 
eolioUie  sulphate  =  Co^fSO^Jj^lONllj^  There  urc  jilf«o  scvpral  acid  and  basic 
BAlB  of  the  sumo  ammoniu-iiioleculeti,  Furlher,  (here  in  a  eLai«»  of  sails  coii' 
taiuing:  the  elements  of  iiitrogon  dioxide  or  nitroeyl,  NO*  tii  nddition  to  nm* 
motiiii,  f.  ^.,  decammonio'mtroxO'Ofialttc  or  xftntho-ctthtjlftc  oxyrhloride,  TOjCl^O* 
lONllj.NjOj,  Lastly*  Fr6my  iias  obtained  aminouiacal  compounds  (o/y* 
tobaitie  taUt)  ooutaming  aaits  of  cobalt  oorrefipotiding  to  the  dioxide.* 


CohaUom  talis  have  the  following  eharactcr^ : 

Solutioti  ofpotttsh  gives  a  blue  precipitate,  changing  by  heat  to  ¥iolct  and 
red.  Afomoma  gives  a  blue  prceipiiatc,  Boliihle  nilb  diffieulty  in  cxcets, 
with  brownisii-red  color.  Sodium  cttrbonate  afi'ordH  a  pitik  precipitate.  Am' 
monium  carhonatt  a  t^ituilar  compound,  soluble  in  eiceiia*  Putassium  ferrQ- 
eyanidt  gives  a  grayish^green  precipitate.  Potun^ium  cyanide  affords  a  ytX* 
low  imh- brown  precipitatCf  winch  dissolvea  id  an  excess  of  t^he  precipitant. 
The  clear  aolutiuii*,  after  boiling*  may  be  mixed  with  hydrochloric  acid 
without  giving  a  precipitate.  Hydrogen  sitlphitk  produceH  no  ehiingc,  if  the 
cobalt  be  in  combination  with  a  Ptrimg  acjd.  Ammomum  sulphide  ihrowa 
down  black  sulphide  of  cobalt*  ineohiblc  in  dilute  hydrochloric  acid. 

Cohaltic  sal/4,  formed  by  disitoWing  cobattic  oxide  in  acids,  give  witli 
potash  a  dark-brown  precipitjute  of  bydrated  cobaltic  oxide  ;  with  ammonia 
a  brownish-red  solution;  with  the  fixed  alkaline  carbonates  a  green  solution, 
which  deposits  a  f^mall  i^uantitj  of  cobaltic  oxide;  with  ammonwiuii  sulphide 
(after  saturation  of  the  free  acid  by  ammonia)  a  black  precipitate. 


Oxide  of  cobalt  is  remarkable  for  the  magtiificent  blue  color  it  communis 
cates  to  glai!8 :  indeed,  this  i;^  a  character  by  which  if  a  presence  may  be  nuift 
easily  detected*  a  very  Hiintll  portion  of  the  puhstance  to  he  exatuined  heing 
fuaed  with  borax  on  a  loop  of  platinum  wire  before  the  blowpipe ;  the  pro* 
daction  of  this  color  both  in  the  inner  and  In  the  outer  tlame  diiitinguisheii 
cobalt  from  all  otJicr  metaUi, 

The  substance  called  smalt,  used  as  a  pigment*  consisiB  of  fLuiB  colored 
by  cobalt:  it  is  thus  made: — The  cobalt  ore  ia  roasted  until  nearly  free 
from  arsenic,  and  then  fused  with  a  mixture  of  piitan^ium  ciirhonate  and 
f|uartz-8an*l*  free  from  oxide  uf  iron.  Any  nickel  that  may  hapjicn  to 
be  contained  in  the  ore  then  subsides  to  the  bottom  of  the  crucible  an  arsen- 
ide :  thia  19  (he  speist  of  wbioh  mention  has  already  been  made.  The  glaaa, 
wbcn  complele,  h  removed  and  poured  into  cold  water:  it  is  afterwards 
ground  lo  powder  and  elutriated,  CahaH-ultramartne  is  a  fine  blue  color 
prepared  by  mixing  lli  parts  of  freshly -precipitated  alumina  with  1!  parts  of 
cobalt  phosphate  or  amenate  :  this  mixture  is  dried  anil  slowly  heatecl  to  red- 
ness. By  daylight  the  color  is  pure  blue,  but  by  artificial  light  it  is  violet. 
A  Aimitar  compound^  of  a  fine  green  color,  is  formed  by  igniting  line  oxido 
with  cobalt-Baits.    Zoffer  is  the  roasted  cobalt  ore  irdxed  Viitli%vl\t4<&ia\3A^^Tay^,/ 


'  fk»- ihe  pnfmmtt&n  cod  propert/M  of  alt  Ibete  aalta*  Me  VTniU't  1^ltovi«r<r  o«  Ch«mN»vn, 

I^^'J^f  ^*^^     ^^*^  nttitmmi  formnlm,  are  slBiUor  lo  thu*e  of  tti«  ftminaQ^u«L  v'^ajAUOavi^  «•&*» 
0^  a*  9),  ' 
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and  reduced  to  fine  powder;  it  is  used  m  enamel  puinting.  A  mlxtar«  in 
due  proportions  of  iLo  oxides  of  cobalt^  tnEugunose,  &nd  irou  is  u»ed  for 
giving  a  Sae  black  color  to  gluss. 
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Atomic  weight,  55.     Symbol,  Ma, 

Manoankse  is  tolerably  abundant  in  nature  in  an  oiidiied  state,  fonni] 
or  entering  into  tjic  compusiiiou  ot",  »t»veral  interesting  niincrtiU.  Tr* 
uftUb  substance  are  very  frequeutly  found  in  the  ashea  of  plants. 

Metallic  Luangunet^e,  or  perhnpt;,  strictly ^  uiaiiganese  carbon  idc,  mmf\ 
prepared  by  tlic  following  procest:!^:  — The  carbonate  in  culciued  in  an  op^P 
vcsMel,  by  whicb  it  beounit'S  eunverted  inlo  a  dense  brown  powder:  thia  19 
inLimately  mixed  wilh  a  little  charcoal,  acid  about  one-teulh  of  \[»  weijihl 
of  anhydrous  borax*  A  charcoal  crucible  is  next  prepvared  by  filling  a 
Hctisistn  or  Cornish  ciucible  wilh  moieit  charcoal  powder,  introduced  a  IttUe 
at  a  iinic»  ami  rammed  as  bard  as  possible.  A  smooth  cavity  i»  then  scoiiped 
in  Uio  centre,  into  which  the  above-mentioned  mixture  i»  compressed,  and 
covered  witli  charcoal  powder.  Tin?  litl  of  the  crucible  is  then  fixed,  and 
the  whole  arranged  in  a  very  powerful  wind-furiiaee.  The  heat  is  slowly 
raised  until  the  crucible  becomes  red-hot,  after  which  it  h  urged  to  itt 
maximum  for  un  hour  or  more.  When  cold,  the  crucible  ia  broken  up,  and 
the  metallic  button  of  manpine«te  cxtrnclcd, 

Deville  ha:i  lately  prepared  pure  nitinganese  by  reducing  pure  manganese 
oxiile  wilh  an  in»u(iicient  quantity  of  sugar  charcoal  in  a  crucible  made  of 
caustic  lime.  Thus  prepared,  metnlUc  manganese  possesses  a  reddish  lustre 
like  bismuth;  it  is  very  hard  and  brittle,  and,  when  powdered,  dccompo^ea 
water,  even  at  the  lowest  temperature,  Pilule  sulphuric  acid  di^^solvea  it 
with  great  energy,  evolving  hydrogen.  Brunncr  produced  mctatltc  man* 
ganese  from  mangHne»e  and  sodium  fluoride  by  means  of  sodium,  Tli* 
metal  ubiuined  by  this  process  scratches  glass  and  hardened  steel,  and  hai 
a  speciho  gravity  of  7'lti. 

Manganese,  from  its  general  relations  to  the  metals  of  the  iron  group,  is 
usually  regarded  an  a  tetrad,  forming  a  dichloride  and  trichloride  analogouj 
to  the  iron  chlorides,  togelber  wilh  oxides  and  other  compounds  of  corre- 
spotidiug  cuQ^titatiun.  U  in  al»u  itald  to  form  a  heptachloridef  Mn,Clj^,  or 
MnCiy 

J        ,  according  to  which  it  abottld  be  regarded  as  an  oct^id ;  but  the  com^* 
MnCl^ 
position  of  this  compound  is  not  Tery  well  efttablished. 

MAxnAVKSE  CHLoniiiKs.  —  The  dicMoride  or  3fanffanou»  fhloriffemnjhi» 
prepared  in  a  Htatc  of  purity  from  the  dark-brown  liquid  residue  of  the 
preparation  of  chlorine  from  manganese  dioxide  and  hydrochloric  acid, 
which  often  accunuilates  in  I  he  laboratory  to  a  considerable  extent  in  tho 
course  of  investigation:  from  the  pure  chloride,  the  carbonate  and  all 
other  salts  can  be  cnnvenicntly  obtained.  The  liquid  referred  to  com«t!<ts 
chiefly  of  the  mixed  chlorides  of  manganese  and  iron;  it  is  filtered,  cvapo* 
rated  ta  perfect  dryness,  nnd  the  residue  is  slowly  hented  to  dull  ignition  in 
an  earthen  vessel,  with  constant  stirring.  The  iron  chloride  is  thus  either 
volntili«ed,  or  converted  by  the  remaining  water  into  insoluble  sesquioxide, 
while  the  mangaurtic  t^ult  is  unaffected.  On  treating  Ibe  gTayi!*h-looking 
powder  tbua  olitained  witli  water,  the  raaTiganewc  chloride  is  dissolved  out» 
and  mny  bo  acjiarafed  by  filtration  from  the  iron  oxide.  Should  a  trace  of 
the  httcr  yet  rc:*i»iin,  it  pay  be  got  T\d  ot  \i^  \iQ\\\i\%\UQ  U<\uid  for  a  fe 
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tninutes  with  m  little  munganese  carbonate.  The  solution  of  the  chloride 
has  UHudlly  u  delicate  pifik  color^  which  becomes  very  manifest  when  iho 
salt  ii  evaporated  to  dryness.  A  strong  «olution  dcpouita  rose-colored  tu- 
bular crystals,  which  contMtii  4  molecules  of  water;  they  are  very  aoluhle 
and  deliquescent.  The  chloride  is  fusible  at  a  red-heat,  is  decomposed 
»ltgh»ly  lit  that  tempertiture  by  oontacl  with  air,  and  is  disnelved  by  alco* 
bol,  with  which  it  forma  a  crystalliialble  compound. 

The  frichlohdf,,  or  Mangank  chloruir,  Mn^C!^,  is  formed  when  precipitated 
in&ttganese  oxide  is  immerged  in  cold  dilute  hydrochloric  acid,  the  oxide 
then  diattoWing  quieOy  without  evolytion  of  gas.  Heat  decomposes  the 
trichloride  into  the  monoebloride  and  free  ehlormc. 

ffrptachlorifif,   >In^Cl,^i?).  —  When  potassium  permanganate  ifl  dissoWed 

in  strong  sulphuric  acid,   and  fused  sodium  chloride  is  added  by  small 

..portiotiB  at  a  time,  a  greenish-yellow^  gas  in  given  otf^  which  eoitdenae^  at  O*' 

Pto  ft  greeniah-brown  ii<|yid.     This  compound,  when  cxpoacd  to  moiat  air, 

•gires  off  fumes  colored  purple   by  permanganic  acid^  and  i»  instantly  de* 

composed  by  water  into  permunizauic  and  hydroebloric  acids.    It  is  regarded 

hy  Dumas,  who  discovered  it,  aa  the  heplachloride  of  manganese;  but  H. 

Boa«  regards  it  as  an  oxy chloride,   MntJljO^,   annlogoua  to  chromic  oxj- 

ohloride,  a  view  which  is  cormboriited  hy  its  moiie  of  formation. 

Fluorides  of  mawjane^e  hare  been  loroicd  analogous  to  each  of  these  chlor* 
idef. 

Ma^'o.^?«f8e  OxrDKB, — Manganese  fomu]  four  well-defined  orides,  eon* 
,  ititutcd  as  follows :  — 

Monoxide,  or  Mangannus  oxide          .         ,         ,         ,     MnO 
Trimangano-tetroxjile,  or  ManganoBo-mangiinio  oxide    Mn^O^ 
Sesquioxide.  or  Manganic  oxide   ....  MnJi, 

Dioxide  or  Peroxide MnOj. 

The  first  is  a  strong  base,  the  third  a  weak  base;  the  second  and  fourth 
ftre  neiilral;  the  second  may  be  regarded  as  a  ccmiponnd  of  tiio  firat  and 
Lihird,  MntJ,Miij(>,  There  are  also  several  oxides  intermediate  between 
the  monoxide  and  dioxide,  occurring  a8  nainral  nnuerula  or  ores  of  manga- 
nese. Manganeiie  likewise  forma  two  Hcries  of  oxygen  sails,  called  manya- 
fiatc*  and  pfrmam/anates,  the  cotupoBition  of  which  may  be  iiluatrated  hy 
the  potassium  salts,  viz, : 

Potassium  manganate  .         ,     Mnt^K^   s±  MnOg^OK, 

Potassium  perniauganate         .  Mu,t)^K^  ^=  MiijOi^AJK,. 

The  oxides^  MnO^and  Mn^O,.  corresponding  to  these  salts,  are  not  known. 
Monoxide  or  Manffanoun  oruh^  Mn(X  —  When  uinuganeee  carbonate  is  heated 
\  In  a  sircani  of  hydrogen  gas,  or  vapor  of  water,  carbon  dioxide  is  disen- 
i  gaged«  and  a  greenish  powder  left  behind,  which  is  the  monoxide.     Pre- 
pared at  a  dnli  red  beat  only,  the  monoxide  is  so  prone  to  ab-orb  oxygen 
from  the  air,  that  it  cannot  be  removed  from  ibe  tube  without  change;   but 
when  prepared  at  a  higher  temperature,  it  appears  more  stable.    This  oxide 
I  ia  a  very  powerful  base,  being  isoniorphous  with  magneriia  and  xinc  oxide; 
it  dissolves  unielly  in  dilviie  ocida,  ne*iiraliiing  them  completely  and  form- 
ing salts,  which  have  ofien  a  beautiful  pink  color.    When  alkalies  are  added 
to  sobiliona  of  these  compounds,  Ihe  white  hyiJrated  oxiile  first  precipitated 
frpeedily  becomes  brown  hy  passing  into  a  higher  state  of  oxidation, 

S^^qutoTtiU  or  Mawjaaic  omlr^  Mn^O^.  —  This  compound  occurs  in  nature 
AS  braiinite,  and  in  the  state  of  Ijydrate  iis  manganite:  a  very  beautiful  j 

crystallized  variety    is  found    at   llefeld,    in  the   Hartx.      U    v»  '^v«i\<afct\        I 
&rtitictally«  by  exposing  the  IjyiJratcd   monoxide  to  vW  bat,  UiiiOL  Iq^xba 
the  priucipiit  pikri  of  the  residue  left  in  Uic  Iron  TfttOTl  tkVv^itv  oi."5i|,tfcTa.  ^Bw^S* 
prepared  bj  expottmg  the  unlive  dioatido  to  &  modeT^i*  T^d-k^aaX.    '^"^^ 
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color  of  the  sesiquioxicle  is  brown  or  black,  accorfimp:  to  its  origin  or  mode 
of  preparation.  It  is  a  feeble  ba^e,  ijioim>rpht>ui»  with  alumina:  for*  whin 
gently  heated  with  ililuted  Bulphiiric  acid,  it  il)H«ijlve»  to  &  ri'd  liiiuid,  whtclit 
on  the  addition  of  potassium  or  iimiuttniiJin  etilpbitte,  deposita  oclohedral 
crystals  having  a  conetitutiun  similar  lo  that  ot  coLutuuii  alum:  tUt»Q  are^ 
however,  decomposed  by  wuter.  Il^trong  nitric  ncid  resolvesi  thi«t  oxide  into 
a  mixture  of  monoxide  and  dioxide,  the  former  dist^olving,  and  the  latter 
remuiuiug  unaltered;  while  hot  oil  of  vitriol  destroys  it  by  lorming  man- 
gauouH  «iulphate  and  liberating  oxygen  gas.  On  heating  it  with  hydro- 
chloric acid^  chlorine  is  evolved,  as  with  the  dioxide,  but  in  smaller  amount. 

Dioxide^  MnO,.  — Peroxide  o/  manffanf^e.  Ptfrolu*ite.  — The  most  common 
ore  of  initnganese;  it  is  found  both  magsive  and  crystallized.  It  maybe 
obtained  artificially  in  the  anliydronii  estate  by  gently  calcining  the  tiitratc, 
or  in  combination  with  water,  by  adding  solution  of  bleaching- powder  to  a 
salt  of  the  monoxide.  Manganese  dioxide  ha»  a  bluek  color,  is  in»uluble  in 
water,  and  reliises  to  uniti*  wiih  acids.  It  ia  decomposed  by  hoi  hydro- 
chloric acid  and  by  oil  of  vitriol  in  the  eame  manner  ai»  the  »ef>qaioxide. 

As  this  isubslanoo  i«  an  Article  of  connnerce  of  considerable  importance, 
being  u»ed  in  vciy  large  quantity  for  making  ihlurine,  and  as  it  is  subject 
to  great  alteration  oi  value  from  admixture  of  the  se»quioxide  and  several 
impuritteft,  it  becomci*  depirable  to  possess  means  of  asmiying  different  sam- 
ples that  may  be  presented,  with  a  view  of  testing  I  heir  fitnei*«  for  the  pur* 
poses  of  the  manufacturer*  One  of  I  he  best  and  most  convenient  niethuda 
is  the  following:  —  60  grains  of  the  miner^d.  reduced  to  very  fine  powder, 
are  put  inlo  the  little  vessel  employed  in  the  analysis  of  carbonates  (p-  liOtJ), 
together  with  about  half  an  outice  of  cold  water,  and  IIK*  grains  of  strong 
hydrochloric  acid;  50  grains  of  cryslalliicd  oxalic  ncid  are  then  added,  the 
cork  carrying  the  drying  tul>e  is  fitted,  and  the  whole  quickly  weigh?*!  or^ 
counterpoised.  The  application  of  a  gentle  hfiat  sutficeii  to  detcnDinc  lh%\ 
act  ion;  the  oxalic  acid  in  oxidized  into  water  and  carbon  dioxide,  which 
escapes  as  gas  while  the  manganese  remains  in  solution  as  manguoous 


olilorlde ; 
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This  equation  shows  that  orery  two  molecules  of  carbon  dioxide  CToWed 
corre*'pond  to  one  molecule  of  manganese  dioxide  decomposed.  Now  the 
molecular  weight  of  ibis  oxide,  ^^T,,  is  so  nearly  equal  to  twice  that  of  car- 
bon dioxide,  44,  that  the  loss  of  weight  suffered  by  the  apparatus  when  the 
reaction  has  become  complete^  an^l  the  residual  gas  has  been  driven  off  by 
momenlnry  ebullition,  may  be  tiiken  to  represent  the  quantity  of  real 
dioxide  in  tlie  hi)  grains  of  the  siiniple.  It  is  obvious  that  the  upparatua  of  ' 
Will  and  Fresenius,  described  at  page  30T|  may  also  be  used  with  advantage 
in  this  procesis. 

Trimango-tetroTidfy  or  Redmnnganete  oxide ^  Mn^O^,  or  probably  MnO,Mn,Oj, 
This  oxide  is  also  found  native,  as  hausmannite,  atid  is  produced  artifi- 
cially by  heating  the  dioxide  or  sesquioxide  to  whiteness,  or  by  exposing^  ' 
the  monoxide  or  carbonate  to  a  red  heat  in  an  open  vessel  It  is  a  reddish-* 
brown  substance*  incapable  of  forming  salts,  and  acted  upon  by  ncids  in  j 
the  aamc  manner  as  the  two  other  oxides  already  described.  Borax  and 
glass  in  the  fused  state  dissolve  this  substance,  and  acquire  the  color  of  tho 
amethyst. 

Varviciif,  Mn^O^OH,  or  MnO.SMnOj.OHj,  is  a  natural  mineral,  discovered 
by  Mr,  Phillips  among  eeriain  specimens  of  manganese  ore  fruiii  Warwick- 
sbire:  it  has  aUo  been  found  at  lltd'eU.     It  much  resembles  the  dioxide, 
bat  i»  harder  and  more  brilliant.     By  a  slTonf^  Yk^tiV,  ^i^tVWWfeXft  tQWj«\.«4.1 
Jnio  red  oxide,  with  disengagement  of  tiqueoun  t^^^ot  Wi^  qi.1^^^%*** 
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Severiil  other  os:icl<?Ei,  iiitcrtii<*diatc  in  <?oin  posit  ion  between  Ihc  monoxide 
ftud  dioxide,  ftlso  04?otir  naliTc;  Ihcj  aro  pr«>biiblv  mere  miiluro**,  and  in 
many  cn^cs  the  monoxide  in  moro  or  liisa  replaced  b^  the  correaponding 
ax.id«!fl  of  iron,  cobalt,  and  copper. 

Maxganous  Sclphatb,  SO^Mn.TOn,— SOj.MnO.TOITj. — Abcautirul  ros« 
colored  und  very  soluble  siill,  i«omoi*plious  wiili  mngneHium  ^ulphiile.  lH 
is  prepared  on  Jliu  hxr^t  scale  fur  ilie  use  of  the  dyer,  by  heating  in  a  clos* 
Yeiflcl  tnnnganese  dioxide  and  coftl^  and  dissolving  the  i 01  pure  monoxida 
thui  obtained  in  eiulpUuric  acid,  with  mldiiion  of  a  little  hydrochloric  acid 
iowiirds  the  end  of  ihe  procews-  The  solution  18  evaporated  to  dryness,  and 
again  exposed  to  a  red  lient,  by  which  ferric  fiiilphute  is  decoRiposed.  • 
Water  then  dissolves  out  the  pure  mangnneHe  sulphate,  leaviniK  fenio  oxki« 
behind.  The  salt  is  u«ed  to  produce  a  permanent  brown  dye,  tlie  clotl 
fiteeped  in  the  Hrdiition  beiu|ij  afterwnrilM  passed  through  a  solution  oti 
blcfflching-powder»  by  which  the  tnouoxide  is  changed  to  injioluble  tiydriitflf 
of  the  dioxide-  Mungnneiie  solplmte  sonitnijoe,"*  crystnllixcs  with  6  mole- 
cules of  water.  It  forujii  a  double  »uU  with  potassium  j^ulphate,  containing 
(S0,jjMn^'K,.6f>Hj. 

Mancia.vehe  Cabbonatk,  COgMn'^  =  CO-jAJn^'O. — Prepared  by  precipi- 
taUog  I  he  dichloride  with  an  ulkaline  carbonate.  It  is  an  insoluble  white 
powder,  {sometimes  with  a  buff-colored  liul.  Exposed  to  heal,  li  Iobch  earboa 
dioxide  and  absorbs  oxygen. 

Manoanateb^ — When  an  onMc  of  manganese  ts  fused  with  potash,  oxjgeal 
19  taken  up  from  the  air,  ami  a  deep  green  fialine  mat*s  resultj^,  which  con« 
tainsi  fHitaxgium  ffianyanatt,  MnO^lv^  or  MiiOjtjKj*     The  addition  of  potjia- 
Binni  nitrato,  or   clilorate,   facilitates   ihc   reaction.     Water  diswolvei*  thia 
compound  Sftry  readily,  and  the  solution,  concentrated  by  evaporation  in  i^^ 
vacuum,  yields  green  cry»taU.     Manum  mawjanate,  MnO^Ba'",  is  formed  ioi 
a  nimilar  manner. 

PKiiJiANfjAXATE.H. — When  potassium  nmiiganate,  ft-ee  from  any  great  ex- 
cels of  alkali,  is  put  into  a  large  quantity  of  water,  it  ia  resoWed  into  hy- 
drated   mnnganese    diuxirJe   which    subsides,    and   potasnifim  pfrmamjanttl^^ 
Mn/>gKj,  or  iMii,4)^yK^,  whicl*  remaina  in  solution,  forming  a  deep-purplo  I 
liquid : 

3MnO^K,  -f  2011^  ^  MnO,  -\-  4aKH  +  MnjO^K,. 

This  effect  is  ucceleraled  by  heat.  The  cbiiuges  of  color  accompanying 
this  decnmposilion  are  rery  reiiiarkable,  and  have  procured  for  the  manga* 
nate  the  name  minrral  rhumtUon ;  excess  of  nlkali  hinders  the  reaction  in 
some  measure,  by  conferring  greater  (Stability  on  the  inanganaJe,  Potai!* 
gium  permanganate  ia  easily  prepared  on  a  considerable  rcbIc,  Equal 
parts  of  ^ery  finely  powdered  manganese  dioxide  and  potassium  chlorate 
are  mixed  with  rather  more  than  one  part  of  potasiiiium  hydrate  dissolved 
in  A  little  water,  and  the  whole  is  expo,«ed,  after  evaporation  10  dryness,  to 
a  temperature  ju!*t  short  of  ignition.  The  ma«s  i.i  treated  with  hot  water, 
the  insoluble  oxide  separated  by  deeantotion,  and  the  deep-purple  liquidi 
concentrated  by  heat,  until  crystals  form  upon  its  «urface:  it  js  then  left  to  ' 
cool.  The  cryntals  have  a  dark-purple  color,  and  are  not  very  soluble  in 
cold  water.  The  manjcanates  ftn<l  permanganates  are  decomposed  by  con- 
tact with  organic  matter:  the  former  are  j«aid  to  be  isomorphoua  with  the 
sulphates,  and  the  lattir  with  the  perchloratea.  Tbe  green  and  red  ^linin- 
feoiifig  agents,  known  a»  Condy's  fluids,  arc  alkallnii  mtt.Yk^a.ww\c%  a^tL^  ^'tt- 
mangatjateA. 
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solying  potAssinm  pormanganate  in  hydrogen  rolphaie  (SO4H3)  dilated  wHh 
one  molecule  of  waler,  and  distilling  the  solution  at  60^-70^.  PermangaBio 
acid  then  passes  oyer  in  yiolet  yapors,  and  condenses  to  a  greenish-black 
liquid,  which  has  a  metallic  lustre*  absorbs  moisture  greedily  from  the  air, 
and  acts  as  a  most  powerful  oxidising  agent,  instantly  setting  fire  to  paper 
and  to  alcohol.* 


Manganous  salts  are  yery  easily  distinguished  by  reagents.  The  Jhud 
eawtie  alkalies  and  ammonia  giye  white  precipitates,  insoluble  in  excess, 
quickly  becoming  brown.  The  carbonates  of  the  fixed  alkalies,  and  tarbomate 
of  ammonia^  giye  white  precipitates,  but  little  subject  to  change,  and  insolu- 
ble in  excess  of  carbonate  of  ammonia.  Hydrogen  sulphide  giyes  no  preci- 
pitate, but  ammonittm  sulphide  throws  down  insoluble  flesh-colored  sulphide 
of  manganese,  which  is  yery  characteristic.  Potassium  ferroeyanide  gives  a 
white  precipitate. 

Manganese  is  also  easily  detected  by  the  blowpipe :  it  giyes  with  borax 
an  amethyst-colored  bead  in  the  outer  or  oxidizing  flame,  and  a  colorless 
one  in  the  inner  flame.  Heated  upon  platinum  foil  with  sodium  carbonate, 
it  yields  a  green  mass  of  sodium  inanganate. 


UBAHIUIC. 
Atomic  weight,  120.     Symbol,  U. 

This  metal  is  found  in  a  few  minerals,  as  pitchblende,  which  is  an  oxide* 
and  uranite,  which  is  a  phosphate;  the  former  is  its  principal  ore.  The 
metal  itself  is  isolated  by  decomposing  the  chloride  with  potassium  or 
sodium,  and  is  obtained  as  a  black  coherent  powder,  or  in  fused  white 
malleable  globules,  according  to  the  manner  in  which  the  process  is  con- 
ducted. It  is  permanent  in  the  air  at  ordinary  temperatures,  and  docs  not 
decompose  water;  but  in  the  puWerulent  state  it  takes  fire  at  207°,  burning 
with  great  splendor  and  forming  a  dark-green  oxide.  It  unites,  also,  yery 
yiolently  with  chlorine  and  with  sulphur. 

Uranium  forms  two  classes  of  compounds:  yix.,  the  uranoits  compounds, 
in  which  it  is  biyalent,  e.g.,  U^'Clj,  U^'O,  U'^S04,  &c.,  and  the  vranic  com- 
pounds, in  which  it  is  apparently  triyalcnt,  like  iron  in  the  ferric  com- 
pounds, e.  g. : 

There  are  also  two  oxides  intermediate  between  uranous  and  uranic  oxide* 
There  is  no  chloride,  bromide,  iodide,  or  fluoride  corresponding  to  uranic 
oxide,  such  as  U,C1f ;  neither  are  there  any  normal  uranic  oxysalts  analo- 
gous to  the  normal  ferric  salts,  such  as  U''''j(NOj)e,  ^^'\(^O^Y^y  &c. :  but 
all  the  uranic  salts  contain  the  group  U^O,,  which  may  be  regarded  as  a 
biyalent  radical  (uranyl),  uniting  with  acids  in  the  usual  proportions  and 
forming  normal  salts ;  thus : 

Uranic  oxide  or  Uranyl  oxide  .  .        .     (U20,)''0 

Uranic  oxy chloride  or  Uranyl  chloride         .         (^fitY^^\ 

Uranic  nitrate  or  Uranyl  nitrate     .  .         .     (U,O,)''(N0,), 
Uranic  sulphate  or  Uranyl  sulphate    .         .         {^fi^Y'i^Oy^. 

TbiB  view  of  ibe  composition  of  the  uranic  salts  is  not,  however,  essential, 
•  Terrei],  Bulletin  do  la  Soda6  Chi]ai(|u«  dft'PwVftA^Kl,  v-  ^. 


URANIUM. 

sinoe   <ln»y  may  also   be    formulaLed   as  basic  salts  in  tbo  manner  above 
iUuatraUd. 

Chlorides.  —  UmncntA  rhloridi^^  U^'Cl^  is  formed,  with  yivid  incandencenec, 
bj  buraing  lUGliilliti  uraaiuDi  in  cliloriuc  g&a^  al^o  by  Igiutlng  in-HnrHi^  oxUlo 
in  hydrocbloric  acid  gas.  It  cryslftllixee  in  dark-j^riH-n  rcgiiliir  oL'tohetlroim, 
und  disflolvea  easily  in  water,  Jorming  an  cmeraid-grecii  solution,  wliicli  IS 
dccoaipop^od  when  dropped  into  boiling  wiuer,  giving  off  hyilroehbiric  iioit! 
and  yicUling  brown  precipitate  of  hydralcd  urauous  oxide.  It  is  a  power- 
ful deoxidizing  agent,  reducing  gold  aud  silverj  convcriiug  ferric  tialts  into 
ferrous  stalte,  &c, 

L'ranic  oit/chlonde  or  Uramfl  chloridf^  U^OjCl^  is  foriiied  wticn  dry  chlorine 
gas  ia  pa«fi&d  OTcr  red-hoi  uraiiuEj>^  oxide,  aa  an  orange-yellow  vapor,  whieh 
solidifies  to  a  yellow  cryslalline  fusible  mass,  eanily  Bt^luble  in  wnter.  It 
foitns  double  stiltM  with  the  chlorides  of  the  alknli-melnl!*,  the  potassium 
salt,  for  example,  having  iho  composilion  Uj0jjCL^.2KCLl!0lIj. 

QsuifXB.^ — Uranou*  oxidc^  U^^O,  formerly  miilakon  for  metallic  Yjrjinium, 
is  obtained  by  heating  the  oxide,  l\0*»  ^^  uranic  cutalatet  in  a  current  of 
hydrogen.  It  ih  a  brown  powder,  j<oiuclimca  highly  cryatalline.  In  the 
finely  divided  state  it  is  pyropboric.  It  dissolves  in  acids,  forming  green 
salt*. 

UrUHotO'Uranie  oxide^  U^O^  S3  TJO.UjOj* — This  oxide,  analogous  to  the 
magnetic  oxi<le  of  iron,  forms  the  ehit^f  constiUient  of  pitchblende.  It  is 
obiiiiiied  artificially  by  igtiiting  ilit^  metal  or  uninous  oxnk*  in  cotitact  wilh 
the  air,  or  by  gentle  ignition  ot'  uranic  oxide  or  uranie  nitrate.  It  forms  a 
dark-greeti  velvety  powder,  of  specifio  gravity  7*1  to  7*?}.  When  ignited  in 
hydrogen,  or  with  sodkim,  chart^oat,  or  sulphur,  it  is  reduced  to  nranoiis 
oxide.  When  jgjiiled  tUunc,  it  yields*  n  blaclc  oxide^  ^  4*^-  whieh  15  iiinst 
probably  a  mixture  of  urauoso-uranic  and  uranous  oxide,  rranoso-uranics 
oxide  dissolves  in  strong  sulphuric  or  hydrochloric  acid,  yielding  n  mixture 
ot  nranoua  and  uranic  salt ;  by  nitric  acid  it  \^  oxidized  to  uraulc  nitrate. 

Vrank  oxidr,  or  Vranyl  exide^  U/>^  s=  iV.flyY^O.  —  Cranium  and  its  lower 
oxides  dissolve  in  nitric  acid,  fonoiug  uranic  nitrate ;  and  wbett  this  f^till  is 
heated  in  a  ghiss  lube  till  it  begins  to  decompose,  at  *2^i{)^,  pure  uranic 
oxide  remains  in  the  form  of  a  chamois-yellow  powder.  Uranic  hydnile, 
U.Hj/JOH,.  cannot  be  prepared  by  precipitating  a  uranic  Pull  with  alkalleK, 
ti<ii^ii\iieh  us  the  precipitate  always  carries  down  alkali  with  it*  but  it  mriy 
bv  obtiiincd  by  evaporating  a  suUttion  of  uranic  nitrate  in  absolute  alcohol 
at  a  niodernte  heal,  till,  at  a  certain  degree  of  concentration,  nitrous  clhcr, 
aldehyde,  and  other  vapors  are  given  off,  and  a  j<pongy  yellow  ma^s  reniaini^, 
whieh  is  the  hydrate.  In  a  vacuum  at  ordinary  temperature**,  or  at  lOt*^ 
in  the  air,  it  gives  off  half  its  water,  leaving  the  monohydrate,  r.jtL.tJli^, 
This  hydrate  cannot  be  drprived  of  all  its  water  without  e3(po*ing  ft  to  a 
heat  suflieteni  to  drive  off  part  of  the  oxygen,  and  reduce  it  to  uranoso* 
uranic  oxide. 

Uranic  oxide  and  its  hydrates  dissolve  in  acids,  forming  the  uranic  aalft. 
The  nitrate^  (U,0,)'''(Nt>j}j.iiUH^,  may  be  prepared  from  pitchblende  by  dis- 
solving the  pufveriiecl  mineral  m  nitric  acid,  evaporating  to  dryness,  adding 
water,  and  filtering:  the  liquid  yields,  by  due  evaporation,  crystals  of 
uranio  nitrate,  which  are  purified  by  a  repetition  of  the  process,  and,  lastly, 
dissolved  in  ether.     This  latter  siduti^m  yieldi^  ihe  pure  nitrntc. 

Uranatea. — Uranic  oxide  unites  with  the  more  basic  metunic  oxides.     The 
uranate^  of  the  alkali-menials  are  obtained  by  precipitating  a  uranic  sali 
with  a  caustic  alkali;   those  of  the  earth-metals  and  heavy  itteX'vU,,  V)^  \v^;;- 
cipitating  a  mixture  of  a  uranic  fijift  and  a  ^i\\t  o<  t\ve.  olViev  \w<I^v\W^\^\  '«cw\' 
moniA,  or  bjr  igniting  a  double  carbonate   or  liceVale  ot  \\ti\\ia\otx  laJ'jA  V\v«i 
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other  metal  (calcio-nranic  acetate,  for  example)  in  eontaot  with  the  air. 
The  uranates  have,  for  the  most  part,  the  composition  2U,09.MjO.  They 
are  yellow,  insoluble  in  water,  soluble  in  acids.  Those  whicli  contain 
fixed  bases  are  not  decomposed  at  a  red  heat ;  but  at  a  white  heat,  the 
uranic  oxide  is  reduced  to  uranoso-uranic  oxide,  or  by  ignition  in  hydrogen 
to  uranous  oxide ;  the  mass  obtained  by  this  last  method  easily  takes  fire 
in  contact  with  the  air.  Sodium  uranafe,  2U203.Na.O,  is  much  used  for  im- 
parting a  yellowish  or  greenish  color  to  glass,  ona  as  a  yellow  pigment  on 
the  glaiing  of  porcelain.  The  **  uranium-yellow '*  for  these  purposes  is 
prepared  on  the  large  scale  by  roasting  pitchblende  with  lime  in  a  rever- 
beratory  furnace ;  treating  the  resulting  calcium  uranote  with  dilute  sul- 
phuric acid;  mixing  tho  solution  of  uranic  sulphate  thus  obtained  with 
sodium  carbonate,  by  which  the  uranium  is  first  precipitated  together  with 
other  metals,  but  then  rcdissolved,  tolerably  free  from  impurity,  by  excess 
of  the  alkali;  and  treating  the  liquid  with  dilute  sulphuric  acid  which 
throws  down  hydrated  sodium  uranate,  2Vfi^.'Safl  CAq.  Ammimnim 
uranatf  is  but  slightly  soluble  in  pure  water,  and  quite  insoluble  in  water 
containing  sal-ammoniac;  it  may,  therefore,  be  prepared  by  precipitat- 
ing a  solution  of  sodium-uranate  with  that  salt.  It  occurs  in  commerce 
OS  a  fine  deep-yellow  pigment,  also  called  "uranium  yellow."  This  salt 
when  heated  to  redness  leaves  pure  uranoso-urnnic  oxide,  and  may,  there- 
fore, serve  as  the  raw  material  for  the  preparation  of  other  uranium  com- 
pounds. 

Uranotu  ialit  form  green  solutions,  from  which  causfic  alkalies  throw  down 
a  red-brown  gelatinous  precipitate  of  uranous  hydrate;  alkalirif  earbonatety 
green  precipitates,  which  dissolve  in  excess,  especially  of  ammonium  car- 
bonate, forming  green  solutions.  Ammonium  eulphide  forms  a  black  preci- 
pitate of  uranous  sulphide;  ht/drot/en  sulphide,  no  precipitate. 

Uranic  salts  are  yellow,  and  yield  with  rauxlic  alkalies  a  yellow  precipitate 
of  alkaline  uranate,  insoluble  in  excess  of  the  reagent.  Alkaline  carbonates 
form  a  yellow  precipitate  consisting  of  a  carbonate  of  uranium  and  tho 
alkuli-metal,  soluble  in  excess,  especially  of  acid  ammonium  or  potassium 
carbonate.  Ammonium  sulphide  forms  a  black  precipitate  of  uranic  sul- 
phide. Jli/droyen  sulphide  forms  no  precipitate,  but  reduces  the  urnnic  to  a 
green  uranous  salt.     Potassium  ferrocyanide  forms  a  red-brown  precipitate. 

All  uranium  compounds,  fused  with  phosphorus  salt  or  borax  in  the  outer 
blowpipe  fiume,  produce  a  clear  yellow  glass,  which  becomes  greenish  on 
cooling.  In  tho  inner  flame  the  glass  assumes  a  green  color,  becoming  still 
greener  on  cooling.  The  oxides  of  uranium  are  not  reduced  to  the  metallic 
state  by  fusion  with  sodium  ca»bonate  on  charcoal. 

Uranium  compounds  are  used,  as  already  observed,  in  enamel  painting, 
and  for  the  staining  of  glass,  uranous  oxide  giving  a  fine  black  color,  and 
uranic  oxide  a  delicate  greenish-yellow,  highly  fluorescent  glass.  Uranium 
salts  are  also  used  in  photography. 


IKDIVK. 

Atomic  weight,  74.     Symbol,  In. 

This  metal  has  been  recently  discovered  by  Reich  and  Richter,*  in  the 
xinc-blende  of  Freiberg.     Its   spectrum  is  characterized  by   two  indigo- 
colored  lines,  one  very  bright  and  more  refrangible  than  the  blue  line  of 
strontium,  the  other  fainter  but  slill  more  refrangible,  approaching  the  blue 
JJue  of  potaasium.     It  was  the  production  of  this  peculiar  spectrum  that 

^  JouriiAl  rUr  prakttache  Ch«inio,  \xxxix.  44\. 
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led  to  the  discoTery  of  the  metal.  The  ore,  consistiDg  ohieflj  of  blende, 
galena,  and  arsenical  pyrites,  was  roasted  to  expel  sulphur  and  arsenic, 
then  treated  with  hydrochloric  acid,  and  the  solution  was  evaporated  to 
dryness.  The  impure  line  chloride  thus  obtained  o^hibited,  when  ex- 
amined by  the  spectroscope,  the  first  of  the  indigo  lines  above  mentioned. 
The  chloride  was  afterwards  obtained  in  a  state  of  greater  purity,  and 
from  this  the  hydrate  and  the  metal  itself  were  prepared.  The  first  line 
then  came  out  with  much  greater  brilliancy,  and  the  second  was  likewise 
observed 

Indium  has  hitherto  been  obtained  in  very  small  quantity  only,  so  that 
its  properties  have  been  but  imperfectly  studied.  It  appears,  however,  to 
belong  to  the  iron  group.  The  metal  itself  is  of  a  lead-gray  color,  soft, 
Tery  malleable,  and  marks  paper  like  lead.  It  dissolves  easily  in  hydro- 
chloric acid,  forming  a  deliquescent  chloride.  From  the  solution  of  this  salt, 
it  is  precipitated  by  ammonia  and  potash  as  a  hydrate,  insoluble  in  excess 
of  either  reagent.  Hydrogen  sulphide  does  not  precipitate  it  from  an  acid 
solution.  The  oxide  heated  on  charcoal  with  soda,  yields  a  metallic  globule^ 
which  when  reheated  oxidizes  to  a  yellowish  powder.  The  compounds  of 
indium  impart  a  violet  tint  to  the  flame  of  a  Bunsen's  burner. 
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AHTDioinr. 

Aiomio  weight,  122.    Symbol,  Sb  (Stibium). 

THIS  important  mctnl  is  found  chiefly  in  the  state  of  sulphide.  The  ore 
is  freed  1)y  fusion  from  earthy  impurities,  and  is  afterwards  deeompoeed 
by  heating  with  metallic  iron  or  potassium  carl>onate,  which  retains  the  sul- 
phur. Antimony  has  a  bluish-white  color  and  strong  lustre ;  it  is  extremely 
brittle,  being  reduced  to  powder  with  the  utmost  ease.  Its  specific  graTity 
is  0*8 ;  it  melts  at  a  temperature  just  short  of  redness,  and  boils  and  Tola- 
tilizcs  at  a  white  heat.  This  metal  has  always  a  distinct  crystalline,  platy 
structure,  but  by  particular  management  it  may  be  obtained  in  crystals, 
which  are  rhombohcdral.*  Antimony  is  not  oxidized  by  the  air  at  common 
temperatures ;  when  strongly  heated,  it  burns  with  a  white  flame,  producing 
oxide,  which  is  often  deposited  iu  beautiful  crystals.  It  is  dissoWed  by  hot 
hydrochloric  aci<i,  with  evolution  of  hydrogen  and  production  of  chloride. 
Nitric  acid  oxidizes  it  to  antimonic  acid,  which  is  insoluble  in  that  liquid. 

Antimony  forms  two  classes  of  compounds,  the  antimonious  compounds 
in  which  it  is  trivalent,  as  Sb'^^Cl,,  Sb'^^O,,  Sb^'^S,,  &c.,  and  the  antimonic 
compounds  in  which  it  is  quinquivalent,  as  Sb^CI^,  »Sby ^^  Sb^^Ss,  kc, 

CuLOBiDES.  —  The  trichloride  or  Antimonious  chloride,  SbCl,,  formerly  called 
butter  of  antimonf/,  is  produced  when  hydrogen  sulphi<le  is  prepared  by  the 
action  of  strong  hydrochloric  acid  on  antimonious  sulphide.  The  impure 
and  highly  acid  sulutiou  thus  obtained  is  put  into  a  retort  and  distilled, 
until  each  drop  of  the  condensed  product,  on  falling  into  the  aqueous  liquid 
of  the  receiver,  produces  a  coi>ious  white  precipitate.  The  receiver  is 
then  changed  and  the  distillation  continued.  Pure  antimonious  chloride 
then  passes  over,  and  solidifies  on  cooling  to  a  while,  liiehly  crystalline 
mass,  from  which  the  air  must  be  carefully  excluded.  The  same  compound 
is  formed  by  distilling  metallic  antimony  in  powder  with  2j  times  its  weight 
of  corrosive  sublimate.  Antimonious  chloride  is  very  deliquescent:  it  dis- 
solves in  strong  hydrochloric  acid  without  decomposition,  ond  the  solution 
poured  into  water  gives  rise  to  a  white  bulky  precipitate,  which,  after  a 
short  time,  becomes  highly  crystalline,  and  assumes  a  pale  fawn  color. 
This  is  the  old  powder  of  Algarolh;  it  is  a  compound  of  trichloride  and  tri- 
oxidc  of  antimony.  Alkaline  solutions  extract  the  chloride  and  leave  the 
oxide.     Finely  powdered  antimony  thrown  into  chlorine  gas  takes  fire. 

The  pentachloride,  or  Antimonic  chloride^  ^bClj.  is  formed  by  passing  a 
stream  of  chlorine  gas  over  gently  heated  metallic  antimony:  a  mixture  of 
the  two  chlorides  results,  which  may  bo  separated  by  distillation.  The 
pentachloride  is  a  colorless  volatile  liquid,  which  forms  a  crvstalline  com- 
pound with  a  small  portion  of  water,  but  is  decomposed  by  a  larger  quantity 
into  antimonic  and  hydrochloric  acids. 

♦  On  rlrrtrn)y7.lne  n  fwilntlon  of  1  pnrt  of  tartar-omplic  In  4  parts  or  antimonious  chlorMo  l»r 
M  0mall  Imttfrr'iif  two  Hi'niontK,  antuivnty  f«rmlwc  the  iMwitivo,  ami  inotnllir  cojumt  Uw  nojia- 
tfro  j}olf.  vrus'tH  of  antiiuon.Y  nrv  obtalnM  w \\'u'\\  \v>«m«w  \\w  t<>xi\m>i.a\Av  vr«\u'rty  of  cx|ilmling 
and  cstcliiDg  Ore  when  cracked  or  broken  \,Oore,  VTocwi<^n«|i  o\  xVwvs  \^,o^w\^^\'fe\^,\x.-^>j. 
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AnriMfiinovB  Htbhith,  Astimonetted  Htbiioork.  Stibike,  Sbllj  — 
A  com|iouml  of  iintiuiooj  and  hytlrogeti  esLsts*  btit  haa  not  bct'ii  iHoliitL'd: 
when  zinc  b  put  into  a  iffoltition  of  aurimuuioiiH  oxide,  und  siilpljiiric  arid 
addodf  purl  of  iLe  hydrogen  cotiihines  witb  tUe  aiiiiiuon^'.  and  tht?  r« tin  1  ring 
g;a4  burni<  with  a  grceuisLi  flurne,  giving  ri8o  to  white  lunies  of  iintinionioim 
oxiilo.  When  the  gaa  is  conduct t?d  through  n  red-hot  gliisH  lube  of  imrrow 
dtmuDsiunit,  ur  biirntrd  with  ft  limited  supply  of  air,  as  wlipn  a  cohl  porctdam 
surface  is  pressed  into  tiic  ianie,  metaUic  nntimony  in  drpo^ited.  On  pu»s- 
itig  a  ourrt'nt  of  aiUiuionetted  bydroj^en  through  a  tfiolution  of  Hilver  nitrate, 
a  black  precipitate  is  obtained,  coulaining  SbAp^:  from  the  formation  of 
this  corn  pound  it  is  inferred  that  the  gas  has  the  composition  Sbllj,  analo- 
gous to  ammonia,  phr»«ip.hine^  and  aruine.  There  are  alao  several  analoguus 
compounds  of  atitimony  with  alcohol-radical^^  Buck  as  (nmeihf/fsitbine, 
Sb^CH,),.  tricthyUtibint,  Sb(CJfj)5,  &c. 

OxiDKs. — Antimony  forms  two  oxides,  SbjO^  and  SKOj.  analapouM  ro  the 
chloride?,  the  tir^^t  being  a  basic  and  the  second  an  acid  o3.idc%  aba  an  inter* 
mediate  neutral  oxide,  Sb^O^. 

The  trionde,  or  Antimottwu^  oxidf,  SbjO^,  occurs  native,  though  rarely,  as 
palcftimite  or  tchiff  antifnunf/,  in  shining  white  itdmelric  cry  staler;  abo  as 
sennrrmmfite  in  regular  octohedron^?:  it  is  therefore  dimorphoun.  It  may  bo 
prepared  by  several  methods:  aa  by  burning  metallic  iiniimony  at  the  bot- 
tom of  a  large  rod-hot  oruL'ible,  in  which  ease  it  in  obiained  in  brilliant  crya- 
toXti*  or  by  pouring  ^olulion  of  antimoniom^  chloride  into  water,  and  di^^est- 
ing  the  resulting  precipitate  wilh  a  Hobuion  of  s&dinm  carbonate.  The  oxide 
thus  produc«>d  i*!  anhydrous;  it  is  a  pale  bntl-eolored  powder,  fusible  at  a 
red  heat,  and  volatile  in  a  closed  ve^neK  but  in  contact  with  air  ut  a  high 
tcniperature,  it  absorbs  oxygen  and  becomes  changed  into  the  tetroxide. 
When  boiled  with  cream  of  tartar  (acid  potassium  tartrate),  it  ia  dissolved, 
and  the  solution  yield*»  on  evaporation  cryptala  of  tartar-itrntie,  which  is 
almost  the  only  antimonioiis  salt  that  can  bear  admixture  with  water  with- 
out dcc-ompo:^ltioa.  An  impure  oxidt.»  for  this  purpose  ih  sometimes  pre- 
pared by  carefully  roasting  the  powdered  Bnlphide  in  a  reverberatory  furnace, 
iiacc,  and  raising  the  heat  at  the  end  of  the  process,  so  as  to  fuse  the  product : 
il  has  long  been  known  under  the  name  of  ^la**  of  antimony,  or  vitrum  anii- 
moniL 

Antimonions  oxide  likewise  acts  ai  a  feeble  acid,  formtog  salts  called  an- 
timoniUM^  wtiieh  however  are  very  unstable. 

The  tetroiute^  or  An/imonoso'iinfimonic  oxide,  Sh,p^.Shfi^,  occurs  natiTe 
as  crrrarttitf  or  anfimant/  oehrt^  in  acicular  cryshds,  of  as  a  crust  or 
powder.  It  is  the  ultimate  product  of  the  oxidation  of  the  metal  by 
Vleat  and  air:  It  ij«  a  groyiyh-whitu'  powdern,  infusible,  and  non-volatile,  in- 
soluble in  water  and  ncidy,  except  when  recently  precipitated,  ihx  treat- 
ing it  *vith  tartaric  acid  (acid  potassium  tartrate),  antimonious  oxide  is  dis- 
solved, antitnonic  acid  remaining  behind:  nnd  when  a  scdtilion  of  Iho 
tetroxido  in  hydrochloric  acid  in  gradnnlly  dropped  into  a  large  qnnntitjr 
of  water,  antimoniouH  oxide  is  precipitated,  while  antintonic  ueid  remaina 
dissolved.  From  these  and  e^imilar  reactions  it  has  been  inferred  thai  the 
tt'troxide  is  a  compound  of  the  trioxido  and  penioxide.  On  the  other  bund, 
it  ia  sometimes  regarded  as  a  distinct  oxide,  because  it  di!<*iolves  without 
deeanipusition  in  tilkalie?.  forming  salts  (often  called  nnhmomtca),  which  may 
be  obtained  in  the  solid  slate.  Two  potassium  Halts,  for  example,  have  been 
formed,  containing  SbJ)^ .  K,f\  ami  l!Sb^O^ ,  K,0;  and  a  calcium  jnlt  2J^b,0^ 
8CaO,  occurs  as  a  natural  mineral  called  romrine,  ThetiC  salts  may,  how- 
ever, be  regarded  ai*  compounds  of  anlimonates  ivi^d  t\i\V\m<>TvVV**  VS'*iU\sji«L- 


ing  i^b^O,).  thus.  2(t^hp^    Kfi)  ^  (8b,0, .  K,0)  +  «,&bJi\.¥.^>V 
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when  strong  nJtric  acid  is  mftde  to  act  upon  meiallic  antimonj;  and,  un  ex- 
posing this  hydrate  to  a  bent  sbort  of  redness,  it  jiolds  tbe  auh^drotia  p^n- 
hjxide  as  a  pale  Btraw-colored  |»owder«  insoluble  in  water  and  acid.  It  is 
decomposed  bj  a  rt^d-heat,  yielding  the  tetroside. 

Ilydrated  antimonic  oxide  h  likewise  obtained  bj  decomposing  antimonj 
pentaehloridc  with  an  excess  of  water,  hydrochloric  acid  being  formed  at 
iLe  s«me  time.  The  hydrated  oxidea,  or  acids,  produced  by  I  he  two  pro- 
cesses mentioTied,  differ  ici  many  of  iheir  proporties,  and  especially  in  Iheir 
deportment  with  bases.  The  acid  produced  by  nitric  acid,  called  antimonic 
acni,  is  monobasic,  producing  normal  palts  of  the  form  SbjOj .  M^tl,  or 
ShOjM,  and  acid  salts  containing  2Sb^L»j,M.p,  or  Sb/lj  aSbOjM.  The  other, 
called  metanfimonie  acid^  ishiba*ic,  fortiiing  normal  fiults  containing  SbyOj^. 
2M,0,  or  Sbj(>,M^,  and  acid  salts,  containing  2SbjOj,  2M,0,  or  Sb,6,.  M^O, 
so  that  the  acid  metantinionates  are  ii*otnenc  or  polymeric,  with  I  he  uorm»l 
antimonates.  Among  the  inetantimonalea  an  acid  potasaium  fii»lt,  BbjO^. 
KjO  .  7t>H,  IB  to  be  particuliirly  noticed  as  yielding  a  precipitate  with 
enilivim  »all!i:  it  is,  indeed,  the  only  reagent  which  precipitates  sodiuui.  Il 
is  obtained  by  fusing  antixnonic  oxide  wiih  on  excfsa  of  potash  in  a  silver 
crucible,  diciaolviiig  the  fused  mns.'i  in  a  small  quantity  of  cold  water^  and 
allowing  it  io  crystalliie  in  a  Tiicuinn,  The  crystals  consist  of  normal 
poiassiucu  metantimonate,  SbX^^  2KD,  and,  when  dissolved  in  pure  water, 
arc  decomposed  into  free  potatsli  and  acid  nictaiiEiiiiunatc. 

Sulphides.  The  tntuiphide  or  A ntimonioun  suJpftitlr^  8b-8^  occurs  native 
as  a  lead-gray,  brittle  substance,  having  a  radiated  crystnlUne  texlure,  nod 
is  easily  fusible.  It  may  be  prepared  artificially  by  melting  together  anti- 
mony and  sulphur.  When  a  solution  of  tartar-emetic  is  precipitated  by 
hydrogen  sulphide,  a  brick-red  precipitate  fnlli,  which  is  the  aaoie  sub- 
stance  coinluiH-il  with  a  little  water.  It' the  precipitate  be  dried  sad  gently 
heated,  ihe  water  may  be  expelled  wiihaut  other  change  of  color  Ihan  m 
little  dnrketiing,  but  at  a  higher  temperature  it  a«^sumes  the  color  and 
aspect  (»f  the  uiitive  sulphide.  Thi»  remarkable  change  probably  indicates 
a  passage  from  the  amorphous  lo  the  crystalline  condition. 

When  powdered  antimonious  sulphide  is  boiled  in  &  solution  of  caustic 
potash,  it  is  dissoWed  antimonious  oxide,  and  potassium  sulphide  being 
produceit,  the  latter  unites  with  an  udditional  quantity  of  autimonious  sul- 
phiile  lo  form  a  soluble  ^ulphur'Salt,  in  which  the  potassiuoi  sulpbido  is  the 
sulphur  ba»e,  and  the  antiuiouious  sulphide  is  the  sulphur  acid; 

3K,0  -h  2Sb^,  =  Sb,Oa  ^  Sb^S, .  ?,K^S. 

The  alitimotiious  oxide  separates  in  small  crystals  from  the  boRing  solu- 
tion when  thebittiT  !»<  concentrated,  and  the  sulphur-salt  dissolves  an  extra 
portion  of  antimonious  Hulphidc,  which  it  again  deposits  on  eouling  as  a 
red  amorphous  powder,  containing  a  small  admixture  of  antimonious  oxide 
iintl  pi>ta>i*+ium  sulphide.  This  is  the  kemifM  minrral  of  the  old  chemists. 
The  hltercd  solution  mixed  with  an  acid  gives  a  potassium  salt,  hydrogen 
sulphide,  and  precipitated  autimoutous  sulphi<le.  Kermes  may  aljto  be 
made  by  fusing  a  mixture  of  6  fnv\H  nutimotiioua  sulphide  and  3  of  dry 
sodium  earbonsite,  boiling  the  mass  in  80  parM  of  water,  and  filtering  ivhile 
hot:  the  compound  separates  on  cooling.  The  compounds  of  antimonious 
sulphide  with  ha-*ic  suljkhides  are  called  $ulph-atUimom*r* ;  many  of  them 
occur  as  natural  minerals.  For  example :  rinkenite,  Sb^S^.ThS :  feather  ore, 
Sb^8,/2PbH;  boulnngente,  SbjSj.3PbS  ;  fahlore,  or  tetrahedrite,  Sb^*^.4t?u,8, 
Ijjc  antimony  being  more  or  leas  replaced  by  arsenic,  and  the  copper  by 
silver,  iroiit  zinc,  and  mercury. 

The  prnfff^nilphifh  or  <4n/?moti»c  lulphidc,  ?vY>^^v  ^^vroM's  ^t^iVUd  tulfhur  au- 
r^ium^  in  aho  a  sulphur  acid,  forming  tinXVa  <:\i\Vc<i  tutpKat^lvTivwW'L^*.  ^-^^^^x  u'l 
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which  haTe  the  coToposUion  Sb^^.  SMjS^  or  SbS^M^,  analogous  to  lEio  normal 
orthophi>s|)hiifea  and  araenuteH.  Wh*!ii  18  partii  tiiiely  ptiwdered  aiitimoui- 
ouf  aulpliidc.  17  pjiHa  (\ty  fiodiiirn  carbnimie,  1;>  pans  flaked  lime,  *Dd  SJ 
parts  8u1plitir,  un;  boiled  for  boma  injurs  in  a  qtiHtititj  uf  wuler,  i^mlcium 
du-bonatts  iiodium  untmtoiiate,  atitiiiiony  pi>nta:»ulphidc,  iii^d  sodium  HulpludG 
ft.re  produced.  The  first  is  iii«olubk%  uud  the  ti^ccoud  partially  so:  the  two 
Iu8t*iiamcd  bodies,  ou  the  contrary,  unite  to  form  soluble  8«dium  »wlph* 
an  ti  ID  on  ate,  8b8^N'aj|,  which  muy  be  obtiiined  by  evap>oraLion  iii  beaut  iTul 
cryatalc.  A  solution  of  thi^  »ubMtaticep  fiiixcd  with  dilute  t^ulphuric  acid, 
furnishes  sodium  sulphate,  hydrogeu  sulphide,  and  antimony  penta^ulphide, 
whioh  falls  us  a  golden-yellow  tlocculent  precipitate. 

The  sulphantimonates  of  the  alkali-metala  and  alkaline  carth-metnls  are 
Tery  soluble  in  water,  and  cry^talUze  for  the  moat  purt  vvith  several  molo« 
culet  of  water.  Those  of  tlio  heftvy  metftk  are  insoluble,  and  arc  obtained 
by  precipitation* 

The  few  salta  of  anttmony  soltible  in  water  are  distinctly  oharacteriied 
by  the  orange  or  brick-red  precipitate  with  hf/dro^en  mtphide^  which  13  solu- 
ble in  a  solution  of  ammoniuin  sulphide*  and  again  precipitated  by  an  acid. 

Antiinonious  chloride^  as  already  observed,  is  decoiupo.sed  by  uatrr, 
yielding  a  precipitate  of  oxy chloride.  The  prectpitate  dissoWes  in  hy- 
drochloric aeid,  and  the  resulting  .solution  gives,  with  pofa-^h^  a  white  pre- 
cipitate of  trioxide,  aoliiblo  in  a  targe  excesa  of  the  reagent;  with  itmmoma 
the  iftme,  insoluble  in  exccjla;  with  patiutsium  or  4odium  cnrln^naU,  also  a  pre- 
cipitate of  triozide,  which  diisolves  in  cxceaa,  especially  of  the  putas^ium 
salt,  but  reappears  after  a  while.  IC  however,  iho  solution  contains  tartaric 
add^xhe  precipitate  formed  by  potash  dissolves  easily  in  excei<B  of  the  alkali; 
Ammonia  forms  but  a  siligbt  precipitate,  and  the  precipitates  formed  by  al- 
kaline carbonates  are  insoluble  in  excess.  The  last-nieniioned  charactera 
are  likewise  exhibited  by  a  sohitiou  of  tartar-emetic  (potassio-antimonioua 
Urtrate),  Zinc  and  iron  precipitate  antiisjony  from  its  solutions  as  a  black 
powder.  Copper  precipitates  it  as  a  shining  mevallic  filiii.  which  may  bo 
disaolved  off  by  potassium  permanganate,  yielding  a  solution  which  will 
give  the  characteristic  red  precipihite  with  hydrogen  sulphide. 

Solid  antimony  compoundH  fused  upon  charcoal  with  sodium  carbonate  or 
potJb^sium  cyanide,  yield  a  brittle  globule  of  antimony,  u  thick  white  fumii 
being  at  the  same  time  given  off,  and  the  charcoal  covered  to  some  distance 
around  with  a  white  deposit  of  oxide. 

Besides  its  application  to  medicine,  antimony  is  of  great  importance  in 
the  artu,  inasmuch  as,  in  combination  with  lead,  it  forms  h/pf-meCtil.  This 
alloy  expands  at  the  moment  of  solidifying,  and  takes  an  exceedingly  sharp 
impression  of  the  mould.  It  is  remarkable  that  both  iU  oonstitncnis  shrink 
under  similar  circumsfances,  and  make  very  bad  caaliup9, 

Britannia  metal  is  an  alloy  of  9  parts  tin  and  1  part  antimony,  frequently 
also  contfttning  soiall  c|Uttntities  of  copper,  /.inc.  or  biijmnth.  An  alloy  of 
12  pans  tin,  1  part  antimony,  and  n  small  quantity  of  copper,  forms  a 
Bupcrior  kind  of  pewter.  Alloys  of  antimony  with  tin.  or  lin  and  load,  ar© 
now  much  used  for  maeliinery-bearings  in  place  of  gun-metJil.  Alli»ys  of 
antimony  with  nickel  and  with  silver  t>cciir  as  natural  minerals. 

Antimony  trisulphidc  enters  into  the  eomposition  of  the  blue  signal-lighta 
used  at  sea.« 

♦  Bltie  or  Scnjntl  tipht : 

I »r >]  Ml awiitTiin  nitrate        ,        ^        .  ^TMurta 

.^iil{'/tnr  .  .  ,  .  ,  ,  1      * 

^..      -         ^<f'fi'Ji"itx  trhutphUU       ...  .       \  nad. 

^JJfn^»pQmi^,AmitntimMMjtaUi9^  * 
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Atomic  weight,  76,     Symbol,  Aa. 

Arssenic  is  &onietim«8  found  rmtive:  it  occurs  in  considerable  qu&ntHj  at 
n  C(m»lilucnt  of  ninny  minerals,  conibiued  with  ineUls,  sulphur  and  oxjgcD. 
In  the  QxitiizLHl  stjite  it  hus  beeu  found  in  very  minute  quantity  in  a  gre^t 
nmny  mineral  waters.  Tlie  large  si  profmrlion  is  derived  from  the  roast  iof 
of  naturul  areenide^  of  iroHt  nickel,  iiuil  cohuit.  The  operation  is  eon- 
dueled  in  »  revcrberalory  furnace,  ond  the  volatile  prodncis  are  condensed 
in  a  lonjf  itnd  n**iirly  horiiontal  chimney,  or  in  a  kiml  of  tower  of  brick- 
work, divided  into  numerous  chambers.  The  crude  arseniou?  oxide  thus 
produced  is  puritied  by  sublimation,  and  then  heated  with  cJiarcoid  in  a 
rclort;  the  tuelal  in  reduced,  and  readily  Miblimen. 

Arstenic  has  si  steel  griiy  color,  and  high  metallic  lustre:  it  is  erysf»lUii« 
find  Tcry  hriltle;  it  tarnishes  in  the  air,  but  may  be  preserved  unchiinged 
in  pure  wiiter.  Its  density,  in  ihc  solid  state,  i«  6*7  to  0  9,  When  healed, 
it  voialiliie»  withmit  fusion,  ntifl  if  air  be  prCBent,  oxidises  to  ar&enioiia 
oxide.  Its  vapor  denftity,  eoujpnred  with  that  of  hydrogen,  is  150,  which 
if"  twice  its  atiimic  weight,  bo  ibul  ils  molecule  in  ihe  gaf^eous  Blate,  tike 
that  of  phospboruj*.  occupies  only  half  the  volume  of  a  moleeule  of  hy- 
dj'ojfen  (p.  2:iH),     The  vapor  has  the  odnr  of  garlic. 

Arsenic  coin bines  with  metals  in  (he  f^ftfiie  tiianner  as  «ilphur  »nd  pho** 
pbitrus,  whicli  it  rc»emble»,  especially  the  latter,,  in  many  re*«pecta:  indeed* 
it  h-  often  regarded  &»  a  oielulloid. 

Arsenic,  like  nitrogen,  behaTe»  in  mont  Te^pccts  ts  n  triftd  element  not 
being  capable  of  uniting  with  more  than  three  ntonia  of  any  one  monad 
ekment,  TIiuh,  it  forms  the  compounds  At'Hj,  AM'lg,  As«Hr^,  &ii.,  hut  no 
eoii>pound  amdognus  to  the  pentiichloride  of  photspborue  or  antimony.  But 
jufi  as  ammonia,  NII|,  cnn  take  up  the  elementfi  of  hydroeblorie  acid  to 
form  sal-animoniuc,  NH/1.  in  which  nitrogen  appears  quinquivalent,  wa 
likewise  can  arsenclted  hydrogen  i»r  arsine,  As^^^ITj,  unite  wilh  thechloridry, 
bromides,  &c.  of  the  radical.!*,  methyl,  clh^'l,  &c.,  to  form  &alt8  in  which 
the  ftraenic  apptarM  to  bt-  quinf|uivftlent»  e.  g.i 

Arsenetbylinm  bromkle    .     .     .     Ap'n|{C,IIj)Br.,  Ac. 
Ar^^enmefhylhim  chloride  .     .     .  AH^HjtCllJi?!* 

In   like    manner,    arscntrlraelhyl,   A%^''(C\\^\   unites  with   »hc  chlorides 
of  ritetbyl  and  ethyl,  forming  the  compounda  Afi'(CH,)4Cl  and  A»^(CI1,), 

Arpenio  likewise  forms  two  oxides,  tik  ,  arsenious  oxide,  As^'^jO^  and 
ai'senic  oxide,  As».^Oj,  with  corrcf*poriding  acids  and  aaKs,  annlogoui  lo  pho*- 
phoi-ous  and  pboi*phoric  compounds ;  the  arsenates,  in  particular,  are  ifo- 
morphoua  with  the  other  phosphates,  and  resemble  them  closely  in  many 
other  respects. 

AnsKKiors  Ckloridb,  ApCl,,  —  This,  ihe  only  known  chloride  of  ftrsenic, 
is  produced,  with  cmtsaion  of  heat  and  light,  when  powdered  arsenic  \s 
thrown  into  chlorine  gas.  It  ii>  pr^'purcd  by  distilling  a  mixlure  of  1  part 
of  metallic  arsenio  and  G  paris  of  corrosive  Fublimate,  and  by  difiil- 
liug  arsenious  oxide  with  strong  hydrochb»rie  acid,  or  with  a  mixture  of 
eomnion  salt  and  sulphuric  acid.  It  is  a  colorle^ts,  volatile,  highly  poiBonons 
liquid,  ilecompoaed  by  water  into  arsenious  and  hydrochloric  acids.  Artt' 
nrnu*  imitfli\  Anl,,  is  furmvd  by  heating  melaUic  arsenic  with  iodine:  tt  is  % 
d^vp-red  err j^tafline  substance,  capable  of  atiblimatioti.  The  correapondtng 
&rQmdt  »ud  Jiuofidt  ftr«  IkiUl  U^uid. 
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Htdriues.  —  Arsenic  forms  two  h j-drides^  conUming  2  and  3  aloms  of 
hydrogen  combined  with  1  atom  of  iirBiuiic. 

The  trihtjdruif^  Arnrnimix  h^tindr,  Affrnfffffi  ht/drofffn  or  Arsine^  AsH;,, 
annlogous  in  composition  tu  ummania^  phasphine^  and  !?libint%  is  obtiiiiivd 
pure  by  the  action  of  strong  hydrochlonc  acid  on  an  ulloy  of  mpnil  parts  of 
iiDC  and  araenic,  and  is  produced  in  g:rc'ater  or  lees  proportion  wfiKt-ni^ver 
hydrogen  is  ?et  free  in  contact  wilb  ari<cnious  acid.  Arsenelted  hydrogen 
la  %  colork'Sj?  gaa,  of  spceitic  gravity  2-01^^,  i^lightly  ^olnblo  tn  water,  and  J 
having  the  smell  of  garlic.  It  burns*,  when  kindled,  with  a  bluv  flame, 
gettcraiing  arHcnioiia  aci<l.  It  i^  als^i  decomponiHl  by  tranKniifttiiioii  Ibmiigli 
a  red-hot  tube.  Many  metallic  ftolution?*  arc  prccipiiatcd  by  thiis  .aubsmnce. 
When  inhaled,  it  ia  exooedingly  poiHonous,  even  in  very  minute  «[uaQtiiy. 

AaU^ 

The  dihydride^  AsHj,  or  rather  Ae^H^  =1        ,  ia  produced  by  paasing  an 

electric  current  through  wfiter,  the  negative  polu  being  formed  of  metallic 
arsenic:  also  when  potassium  or  sodium  arsenide  is  diis^rdved  in  water. 
It  i»  a  brown  powder,  whieU  givei*  off  hydrogen  wberi  heiUed  in  a  tlo»o 
vesseU  atid  burns  when  heated  iu  I  he  air.  It  iij  analogoiis  in  coniposition 
lo  mreendimethyl  or  oacodyl,  A!<3(ClJj)^* 

AsAKNiotTs  Oxmc,  Acid,  ako  Salts.  ^ — Arseniouit  oxidfj  As^O,,  also  called 
white  oxide  of  tirtmie^  i?  produced  in  the  manner  already  menrionod.  It  is 
eammonly  met  with  in  the  birm  of  »  Jieavy.  whiip^  glassy-looking  substance, 
with  Binoolh  couchoidnl  fracture,  wbieli  has  evidently  undergone  fusiion. 
When  freshly  prefKireil  it  if*  often  transparent,  but  by  keeping  become* 
opaque,  at  (he  entne  iimv  slighlliy  diminiiihiug  in  density,  tuid  acquiring  i 
greater  degree  of  solubility  in  waler  100  parltt  of  I  hat  liquid  disaolve  lit  | 
100®  about  115  partt«  of  the  opnque  variety:  the  Inrgest  portion  Beparatca, 
however,  on  cooling,  leaving  about  3  purls  dissolved:  the  ftolulion,  which 
contains  ammioHM  aeid,  feebly  reddens  littuus*.  Cold  water,  agilaled  with 
powdered  arBcuious  oxide,  tukea  up  »  still  s-uiftller  f|Uiuility.  Alkalies  dis- 
solve this  substanco  freely,  forming  arseniles;  compounds  with  animonta, 
baryta,  strontia,  lime,  mngneitia,  and  iiiangnnotis  oatide  iilf*o  have  been 
formed:  the  silver  salt  is  a  beautiful  lemon-yellciw  precipilate*  The  ar- 
seuites  are,  however,  very  unstable,  nml  have  been  but  little  exnmined. 
Those  which  have  rhc  coniposition  A^OjM,  or  A.ajng^M^O,  are  generally  re- 
garded as  nornml  i^hIis:  there  are  aL«»o  arscnitep  conlaining  AHjtt|.M4.  or 
As-Oj.2M,0,  and  AsO^Mj,  or  Ab.Oj  ;^Mjf>,  het^i<les  acid  stalls.  Arnenjouii 
oxtde  is  cnwily  (soluble  in  )iot  hydrochloric  acid.  Il»  vupor  is  colorleea  and 
inodorous,  and  it  crystalttres  on  nolidilying  in  brilliant  Iranj^purent  oeto- 
hedron^.  The  oxide  or  acid  ilsclf  baa  a  leeblc  eweetiah  and  astringent 
tatle,  and  is  a  moiii  fearful  poieon. 

ABfif!:«tr  OxiDi!,  Ann,  and  Salts. -^  When  powdered  nrsenious  oxide  la 
dissolved  in  hot  hydrochloric  acid,  and  oxidised  l>y  the  addition  of  nitrio 
acid,  the  latter  being  added  us  long  as  red  vupors  are  protlueed,  the  whole 
then  cautiously  evaporated  to  complete  dryness,  and  I  he  residue  heated  lo 
low  redness,  ar^ienic  oxide,  APjO|.  reniainK  in  the  form  of  a  white  anhydrous 
maee  which  has  no  action  upon  litmus.    When  ••Irongly  heated,  it  is  rci*olTcd 
into  arsenioua  oxide  and  free  oxygen.     In  water  it  dissolvofl  slowly  but  com- 
pletely, giving   a   highly  acid   Kolntion,   whrcb,   on  being  evaporated   lo  a 
syrupy  cofiKtHh-ncc,  deposit!?,  after  a  time,  hydrated  cry^talu  of  arsenic  acid, 
conrnining  2AsUJJ,.01L,  or  Ah/I^.  ;iOll^  -j     Aq.     X\\^^%^  cv^*mA'&,  NiVvtw 
heated  lo  Wi>°,  gnc  off  tht'ir  water  of  crv^la\Viiinl\ot\  iMiiV\i£ii.xtt  lTiK\»dT«Ut4 
0r*^ie *iet*f^  A»(\U^,  or  AbJ\,  "^Olf^;   at  i4tJ*^\m^**  t\\«i  dihydraU,  K%-jN^v 
ifrAjSgOf.  20n,.  U  lea ;  and  at  1^60^  the  monoliydnkVe,  XsO^U,  w  Ka^^^^'^i 
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The  ikqtieous  eoUitinns  of  the  three  hydrates  and  of  (he  anhjdroui 
exhibit    exacrly   tlie   hjiiuc   cliiiraolers,  ixnd  all  coiitain  I  he  (riliydniU\ 
other  hyilrmtes  hi'iiig  iniQiediaLely  cunverted  iTilo  that  compoiinj  when  di 
Bolved  ill  ujAK*r;  hi  this  retyped  the  hydriiteH  of  arsenic  acid  differ  e»d«tt- 
U;Llly  from  ihu^e  of  (diosphorie  aeiJ  |  p.  285). 

Arsenic  auid  is  a  xx^ry  powerful  acid,  forming  salln  isomarphous  with  the 
correMpoutling  phosphates :  it  is  also  IribuMc.  A  «o*/ifim  arsenale^  AsO^HXa^ 
IlfOEl.^,  ui]diMiriguii:«biiblo  in  appearaucis  from  comnitin  ii^CHiintn  phosphate, 
may  be  prepared  by  adding  the  carbonate  to  a  !»obUiun  of  arsenic  acid,  until 
an  alkaline  reuettun  m  apparent,  and  then  eraporaling,  Thi;)  salt  also 
cry  B  hi  1 1  i  J  e«  w  it  h  7  ni  ol  ec  u  1  ei*  of  w  n  ter.  A  n  o  I  h  e  r  n  r4*e  n  a  te »  A  st  >^N  a, .  1 20H,, 
IB  produced  when  Hoiliuni  carbotiale  in  excess  is  fused  with  arsenic  acid,  or 
when  the  preceding  ?jall  is  mixed  with  caiiMic  soda.  A  third,  AsO^HjNa, 
OITj,  is  made  by  substituting  an  excess  of  arsenic  acid  for  th<?  solution  of 
alkali.  The  alkaline  arsenutes  which  contain  bft«ic  water  lose  the  latier  at 
a  red  heat,  but,  unlike  the  phosphates,  recover  it  when  again  dissoUeii. 
The  iirsenateg  of  the  alkalies  are  soluble  in  water:  those  of  the  earthci 
other  metallic  oxides  are  insoluble,  hut  are  dissolved  by  acid.  The  preoi 
itate  with  gilver  nitrate  is  highly  characteristic  of  arHenic  acid;  it  is  r 
dish-brown. 
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St'LPHiDES.  —  Two  sulphides  of  arsenic  are  known.  The  dmdphide,  As^^ 
occurs  native  as  Rfalgar.  It  in  formed  artificially  by  heating  ar»ciiic  acid 
with  the  proper  proportion  of  sulphur.  It  is  on  orange- red,  fusible,  and 
volalile  Bubsiance,  employed  in  painting,  and  by  the  pyrotechnist  in  making 
v^hiie  Jire.  The  (rimiphid^  or  arstniouj  sulphide^  Asi?^,  also  ocotirs  native  at 
OrpimcHi^  and  is  prepared  artiftcially  by  fusing  arsenic  with  the  appropriate 
quantity  of  sulphur,  or  by  i>recipilaling  a  solution  of  ar^cntous  acid  with 
hydrogen  sulpbide*  It  ia  a  golden-yellow,  crystalline  subsliuice,  funihle, 
and  vohilile  by  heat.  A  cold  Holution  of  arsenic  acid  is  not  immediotely 
prccipit tiled  by  hydrogen  sulphide,  but  after  sotnc  hours  the  soUititjn,  satu- 
rated with  hydrogen  sulphide,  yields  a  light-yellow  deposit  of  sulphur^  the 
jU^enic  acid  being  reduced  to  ar.senious  acid,  which  is  then  gradually  con- 
ircrtml  into  lemon-yellow  arsenious  sulphide.  In  boiling  solutions  the  pre- 
eipimtioii  takes  place  immediately.  The  mixture  of  sulphur  and  trisnlpbide, 
thus  produced,  was  formerly  regarded  aa  a  pentasulphide,  corresponding 
to  arsenic  acid. 

The  disulpliide  and  trisulphide  of  arsenic  are  sulpbur-acids,  uniting  with 
other  metallic  sulphides  to  furni  sulphur-salts.  Those  of  the  disnlphide  ar© 
called  hypoiulphartmilei ;  they  are  but  little  known.  The  «alts  of  arsenious 
sulphide  are  called  sulphtsntftiiu^.  Their  composilion  may  be  represented 
by  thai  of  the  pota.<«sium  salts,  vix,,  ASjS^K,  or  AsS,  KjS ;  A^^S^K^,  or 
AiTjSj.  2IL,S,  and  A^iSjKj,  or  .%.s^Sj.  SK^S.  Of  these  the  bibasic  Baits  are  the 
most  common-  The  sulpharsenites  of  the  alkali-metals  and  alkaline  carih- 
mctals  are  soluble  in  water,  and  may  bo  prepared  by  digesting  arsvutous 
sulphide  in  the  solutiim.**  of  the  corresponding  hydrates  or  sulph-bydratcs; 
the  rest  are  insutulde  and  are  obtained  by  precipitation.  8uljdiur-salt5, 
called  tsulpharxtnatfi^^  corresponding  in  composition  to  the  argenates,  are  pro- 
duced, Ln  like  manner,  by  digesting  the  mixture  of  sulphur  and  arsenious 
nulphide,  precipitated,  as  above  mentioned,  from  arsenic  acid,  in  solutions 
of  alkaline  hydrates  or  siilph-bydrates;  alao  by  passing  gasi'ous  hydrogen 
sulphide  through  solutions  uf  a^rsenates.  There  are  three  ^ulph-arscnaie« 
of  potassium,  containing  AsS^K,  or  ASj^S^,  K^S ;  As.8,K^,  or  \»^^.*lKf 
and  A?}8^K|,,  or  AsjSj,MKj8.  The  sulph-ursenatcs  of  the  alkali  metal?*  « 
alkaline  earth-metHls  are'  soluble  in  water  ;  the  rest  are  insoluble  and  \ 
obUim*d  by  precipitntiou* 
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Arsenious  acid  is  disiiDgtiished  bjr  ck^ractcra  whioh  cannot  bo  misuo- 
dersiood. 

Sitvrr  nitratr^  mixed  wilh  a  bolulion  of  arsenioiis  acid  in  water,  occasions 
no  prcclpiiiile^  or  merely  a  faint  cloiid ;  but  if  n  littk'  nlknli,  or  a  drop  of 
nniTnoniii,  bo  udded,  a  yellow  jirt^cipitulo  of  »ilv<»r  arsonite  iinuiitHliatoly  falls. 
The  prccipitiite  is  exceedingly  soluble  in  exet'ss  of  iiniriiunia;  thai  siib- 
stanee  unist,  tlierefurc,  b«  added  with  great  caution;  it,  ia  likewise  very 
soluble  ill  nitric  acid. 

Cuprtc  tuiphiiir  givi*8  no  preeipilate  with  solution  of  arsenioiis  acid,  until 
the  addition  has  lieen  made  of  a  little  alkali,  wln>ii  a  brillianl  yellow-green 
precipitate  (Seheele'a  green j  faltti,  which  also  ia  Tory  soluble  in  excetsa  of 
atnmouia. 

Ht/tlrogm  iuIphiJfi  pifssed  itito  a  solution  of  arnenioiis  aeid^  *o  which  n  few 
drops  of  hydrocldoric  or  sulplmric  aeiil  have  been  added,  occasiona  the  pro* 
ductton  of  a  copious  bright-yelloM-  precipitate  of  orpiment,  which  ts  diB- 
eolved  with  facility  by  aiiitiioiiia,  and  reprccipitated  by  acids. 

Solid  urseoious  oxide,  heated  by  (he  blowpipe  in  a  narrow  glass  tube  wiib 
emaU  frtigments  of  dry  charcoal,  alfcrdi*  a  fiuhlimate  of  metuUic  aritcuio  in 
the  sliape  of  a  brilliant  steel-gray  metallic  ring.  A  piiriion  of  thip,  detached 
by  the  poiut  of  a  knife,  and  heated  in  a  seeond  gla^a  tube,  with  access  of 
air,  yields,  in  its  turn,  a  sublimate  of  culorlea^^j  tran,sparcnt,  octohedral 
ory^Lala  of  arseniouu  oxide. 

All  the»e  experiments,  which  Jointly  give  demonstrative  proof  of  the 
presence  of  the  subfitMieo  in  question,  mny  be  performed  with  perfect  pre- 
eislon  and  certainly  upon  exceedingly  small  quunttlie^  of  material. 

Tlie  detection  of  arBi'nioufi  acid  in  complex  mixtures,  con- 
taining organic  matter  and  common  salt,  as  beer,  grucll,  soup, 
&c.,  or  the  fluid  content!^  of  ibe  stonmch  in  cases  of  poison 
ing,  18  a  very  far  more   diflicult  problem ^  but  one  Mbich  jb, 
unfordinAtely,   often    required   to  be   solved.     These   organic 
mailers  int^^rfere  complett^ly  with  the  liquid  teslj*,  and  render 
their  indications  worthless,      Somelimes  the  difficulty  may  ho 
eluded  by  a  diligent  Kcarcb  in  the  suspected  liquid,  and  in  the 
vessel  coutatning  it,  for  fragments  or  powder  of  solid  aracni- 
ou»  oxide,  which,  from  ita  Bfuall   degree   of  solubility,   often 
escape  solution,   and  from  the  high  density  of  the  subetance, 
may  be  found  at  tbe  bottom  of  the  vess^els  in  whicli  ihe  fluids 
arc  contained.     If  anyihing   of  the  kind  be  found,  it  may  b© 
washed  by  decant  at  ion  with  a  little  cold  water,  dried,  and  then 
reduced  with  charcoaL     For  tbe  latter  purpose,  a  small  glass 
tube   is  taken,  having   the   figure  represented  in  the  margin; 
white  fieruian  glass,  free   from  lead,  is  to  be  preferred.     Tbo 
arj«enious  oxide,  or  what  is  suspected  to  be  such,  ia  dropped 
to  the  bottom,  and  covered  with  splinters  or  little  frngments  of 
charcoal,  tbe  tube  being  filled  to  tht>  shoulder.     The  whole  la 
gentlj^  heated,  to  expel  any  moTHlure   I  bat,  may  be  present  in  the  charcoal, 
aud  the  deposit ed  wtitcr  wiped  from  tbe  interior  of  tbe  ttibe  wiib  bibulou?* 
paper*     Tlic  narrow  part  of  the  lube  containing  ibe  chareonl,  from  a  to  6, 
H  now  heated  by  ihe  blowpipe  flame;   when  red-bot,  the  tube  i»  inclined, 
that  tbe  bottom  abo  nmy  become  heated.     The  ar>eniou»  oxide,  ifpresen 
ia  vnporixed,  and  reduced   by  the  charcoal,  and  a  ring  of  metallic  ar«eni< 
deposited   on   tbe   cool    part   of    the   tnbe.     To  complete   tbe   cxpcHuienlji' 
the   tube  may  be  luelled  at   a  by  the   point  of  the   flame,  drawn   off,  and 
doaed,   and    the    arsenic    oxidixed   to   ar*enious   oxide,   by   chasing   it    up 
mui  down  by   Ibe   beat  of  a  small  spirit -lamp.      A  Uu\tt  v*iv\iiV  tsv^v-^j  i\l\tx- 
wards   be   mtroditved,    and    boileil    in    t\ie  t\i\te,  "t^j    v.'\ue\\  \\ift  ivt*«iv;\v\^% 
oiida    wilt  be  diasolvvd,   and  to   thta  Ku\ulioiv  l\\i5   Ve^V^  q^  %\Vi;<£t  livVxiaX'b 
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and  ammonin,  copper  fiulphnU  antl  ammonia,  find  hydrogen  sulplilde,  may 
he  a|ipIiiHL 

Wlien  I  he  senrch  for  Bolid  ar^eDinua  oii»lo  faila,  the  liqnid  itself  must  bo 
examined;  a  tolerably  limpid  solutioti  must  be  oblained,  from  whicb  tbi 
arsenic  may  be  prt^cipitated  by  liydvogcu  sulphide,  and  tbe  orplmcDt 
Icot^iJU  and  reduced  to  tbe  melallic  state.  It  is  in  the  first  pari  of  Ibis 
operation  tbat  the  elilef  difficiiUy  is  found:  gueU  organic  mlxturvB  refuse  to 
filter,  or  filter  so  slowly  as  to  render  some  melLod  of  acceleraiion  iDdi?pcn*% 
Sfible.*  Boiling  with  a  litde  caustic  potash  or  acetic  acid  iviU  soRielimetl 
effi'et  this  object.  The  following  ia  an  outline  of  a  plan  ^hicb  has  been 
found  MUorfea»f«l  in  a  variety  of  cases  in  which  a  very  ^mall  quantity  ( 
nr^entou.^  neiil  had  been  purposely  atlded  to  an  orgunie  mixture  :^ — Oil  of  J 
\ilriob  ititclf  perfectly  free  from  arsenic,  is  mixed  with  the  fiuf^peeteil 
liquid^  in  the  proportion  of  about  a  mea^tured  ounce  to  a  pinlt  having  beea 
previously  diluted  with  a  lillle  water^  an*i  the  whole  h  boiled  in  a  flaak  t'c 
half  an  hour,  or  until  a  oumplete  separation  of  (solid  and  liquid  matte 
becomes  manifest.  The  acid  converts  any  ettarch  thai  may  be  pres^cnl  int« 
dextrin  and  ftupar:  it  completely  coagulates  albuminous  t^ub^tances,  and 
casein,  in  the  cn^c  of  milk,  and  brings  the  whole  in  a  very  hhort  tinie  inTthl 
a  state  in  which  filtration  is  both  easy  and  rapid*  Through  the  filtered:] 
solution,  when  cold,  a  current  of  hydrogen  sulphide  is  tranKmitted^  and  tb^ 
liquid  18  warmed,  to  facilitate  the  deposition  of  Uie  arseutous  »ulphido, 
which  falls  in  combination  with  a  large  quantity  of  organic  matter,  whick^ 
often  communicates  to  it  a  dirty  color.  This  is  collected  upon  a  small  filler, 
and  washed.  It  ia  next  lranafen*cd  to  a  capeiUe»  and  heated  with  a  mix- 
ture of  nitric  and  hydrochlorto  acids,  by  which  the  organic  impurities  are 
in  great  measure  destroyed,  and  the  arsenic  oxidized  to  arBcnic  add.  The 
solution  h  evaporated  to  dryness,  the  soluble  part  taken  up  by  dilute  by^ 
drochloric  ncid,  and  then  the  solution  Fntiiru1e<l  with  sulphurous  acid, 
whereby  the  arsenic  acid  is  reduced  to  the  state  of  arsenious  acid,  the  jjuI- 
phurouM  being  oxidized  lo  sulphuric  acid.  The  solution  of  artjcutous  ncid 
may  now  be  precipitated  by  hydrogen  eulphido  without  any  difficulty.  The 
liquid  18  \rnrmed.  and  the  precipitate  woi^hed  by  deciiutation  and  dried. 
It  is  then  mixed  with  blatk jhix^  and  heated  in  a  amall  jibiss  lube,  t*jmilar  to 
that  already  described,  wilh  similar  precautions;  a  ring  of  reduced  arsenic 
is  obtained,  which  nmy  be  oxidised  to  arsentous  oxidv,  nnd  further  ex- 
amined. The  black  flux  is  a  mixture  of  potassium  carbonate  and  charcoal, 
obtained  by  calcining  cream  of  tartar  in  a  close  crucible;  the  alkali  Irans- 
forma  the  sulphide  into  arsenious  acid,  the  charcoal  subsequently  effecting 
the  deoxidrtfton,  A  mixture  of  anhydrous  sodium  carbonate  and  charcoal 
may  be  stibstituted  with  advantage  for  the  oonimon  black  fiux,  as  it  ia  lesa 
hygroacopk. 

Other  methods  of  proceeding,  different  in  princlplo  from  the  foregoing, 
have  been  proposed,  as  that  of  the  late  Mr,  Marsh,  which  is  exceedingly 
delicate.  The  suspccteil  liquid  is  acidulated  with  eiulphnric  aeid,  and 
placed  in  contact  with  mclallic  xinc;  the  hydrogen  reduces  the  arsenious 
acid  and  combinejt  with  the  arsenic,  if  any  be  present.  The  gas  is  burned 
at  a  jet,  and  a  piece  of  glass  or  porcelain  held  in  the  fiame,  when  any  ad- 
mixture of  arsenettcd  hydrogen  is  at  once  known  by  ih©  production  of  a 
brilliant  black  metallic  spot  of  reduced  arsenic  on  the  porcelain:  or  the 
gas  is  passed  through  a  glaes  tube  hented  at  one  or  two  places  to  redness, 
whereby  the  tiraenetted  hydrogen  is  decomposed,  a  ring  of  metallic  aracnio 
appearing  behind  the  heated  portion  of  the  tube. 

It  has  been  observed  (page  4111)  tbat   nntimonetted   hydrogen   gires  II 
Mitttilmr  resvlL     In  order  lo  distinguish  the  two  ^^ubstances,  the  gas  may  bo 
pulsed  into  a  solution  of  silver  nUralc.    Bo\^  %^^^  ^W«  riac  to  a  blftisk 

*  Aaf|wetiiig  (be  aepaiatioa  of  the  arwi^Uft  a^A^nt  «Aii^!t^«M  V*V^^ 
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dfaie,  whwh,  in  the  case  of  anlimoncltcd  liydrngen,  consieta  of  Rilvor 
Huidc,  Atrj*Sb»  whiUt  in  the  eaai*  of  arscncjttod   livnlrfigt'ii,  it    ra  puro 
i,  iUe  arsenic  beinf^  then  cnnvn-ietj   info  urnrniouH  ueiii,  which  com* 
|itier4  with  A  portion  of  eilver  oxitlc.     The  i»ilv<?r  iirspnitc  reniiiiiis  iUhhuIvcmI 
i  th«  nitric  acid  which  i^  liberated  by  the  precipiiiiiion  of  thti  HilYcr,  and 


F(ff.  176, 


ay  be  thrown  tiown  with  irs  churacif?risric  yellow 

olor  by  adding  ammonia  to  the  liquid  tiltcrud  oil  from 

^black  precipitnte.     The   black  f^ilvcr  antintuiiidiv, 

I  carefully  washed,  ati<l   giihaequently  tioilcd  with 

H^i^ntion  of  tartiiric  acid,  yields  a  solution  containing 

itiniony  only,  from   Mhieh  hyflrogen   (^nlphide  pcpa- 

ites  the  characteristic  orange-yellow  precipitate  of  an- 

ImotLiouv  sulphide. 

A  convenient  form  of  Marsh's  iustriiinent  is  that 

I  in  fig.  175:  it  consists  of  a  bent  tube,  hnvinp  two 

blown  upon  it,  fitted  with  »  ylop-cuck  and  nnr- 

r  jet.     Slips  of  »ino  are   put   into   the  l(uvt?r  bulb, 

irhieh   is   after  ward;)   filled  with   the   liquid  to  be  ex- 

itned.     Oa  replacing   the   Ktop-cock,  uluaed,  (lie  gaa 

oUects  and   forcca   the   liquid   into   the   upper  bulb, 

rhich   then  acts  by  il8  hydrostatic   preyt*ure»  and  ex- 

pla  the  gaA  through  the  jet  bo  ^oon  as  the  Htop-coek  ia 

jieued.     It  must  be  borne  in  mind  that  both  conjinou 

[ine  and  i^utphuric  acid  often  contain  IraceK  of  urMeoic, 

Ir,  IJloxam*  has  proposed  ati  important  moditicution 

pf  Mnrsh*s  process  for  the  detection  of  iir«enlc  and  antimony  in  organic 

ibstancen,  which  Is  based  on  the  behavior  of  solutions  of  these  nietiils 

or  the  influence  of  the  electric  current.     Antimony  in  deposited  in   the 

llic  8t«te,  without  any  disengngement  of  antimunetted  hydrogen,  whilo 

bIg  i«  CTolvcd  aa  arseneitcd  hydrogen,  which  may  bo  recognited  by  tho 

llAr&cteri!  already  indicated. 

A  alip  of  copper-foil  boiled  in  the  poisoned  liquid,  pr©TJon«ly  acidnUitid 
rith  hydrochloric  acid,  withdraiv«<  the  ars^enic,  and  becouiew  covered  with 
►  white  alloy.  By  heating  the  metal  in  a  phih?<  tube,  the  arnenic  Is  expelled, 
\  oxiduvd  to  ar^euioujii  acid.     Thiu  its  culled  lUvlusch  a  test; 
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ftfftHltTTH  18  found  chiefly  in  the  metallic  state,  disReminated  through 
ftrious  rock^*.  from  which  it  is  sitq>arated  by  simple  exposure  to  heat.  The 
actal  ia  highly  crystalline  and  very  brittle:  it  has  a  reddish-white  color, 
ftnd  a  density  of  ^-S.  Crystals  of  great  beauty  may  be  obtatne^l  by  slowly 
Doling  a  considerable  mas.i  of  this  snbj^tance  until  *«oUdification  has  cotn- 
Denced,  then  piercing  the  crust,  and  [Hoiring  out  the  tluid  residue,  liia- 
Duth  melt*  at  about  2i't{P  {\  (6(X»^  F. ).  and  volaliliKe?*  at  a  high  temperature. 
It  Is  remarkable  as  being  the  most  diamagnetic  of  all  known  bodies.  It  is 
little  oxidized  by  the  air.  but  burns  when  strongly  heated  with  n  bluish 
flame.     Nitric  acid,  somewhat  diluted.  di(*so1ve3  it  freely* 

BiAmuth  forms  three  cla^^sies  of  compomnd!'.  in  which  it  is  hi-,  tri-,  and 
quinquivalent  respfctividy.  The  tri-cum pounds  are  the  most  stable  and 
the  niowt  numeron*.     The  only  known  conipnnnd'*  in  which  hismnth  Is  qnin- 

IHuivnlent  are  indeed  the  pent  oxide,  Kt./\,  together  with  the  correK^dndini^ 
pcid  ftud  metallic  aaHs,    Nemrthohssj  bismuth  la  Yt^^n^xdi^l  Bi%  i&l  '^e\LV%A>^  c>^ 
I  •  JoormiJ  Ch««iD,  Soc.,  xili.  33a. 
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aeeouui  of  th©  analog}'  of  iU  couipoumi  with  those  of  antimooy.  Sererftl 
bboiutli  i*oin{>oiiiid.s  a.re  known  in  which  the  metal  is  apparent Ij  bivalent, 
but  reull/  triviLknl,  aa : 

Bi'^Cl,  Bi^'O 

Bi^Cl^,  or   I  ;     Bi-O-,  or    [       »  &e. 

Bi^'Cl,  BK'O 

CuLORTPTSS.  —  The  Irichloridt  or  Bi*mu(hou9  thloride  ts  formed  when  bis- 
muth is  heated  in  a  current  of  chlai-ine  giLS,  and  pt»«9es  orer  an  a  white, 
ca.<«ilj  fusible  fsubaUnce,  which  reudllv  attracts  moisture  from  the  airt  atiii 
in  coiiverri?d  inio  a  crystalViied  hydrate.  The  same  substance  l«  pro<luceii 
when  bi^ifiiiilh  121  dixiKolvoii]  lu  rtitrouiurititiu  acid,  and  the  solution  evapo- 
rated.  Bi«tnn(hou*  chloride  disaolvca  iti  writer  containing  hjdroehloric 
acid,  but  iA  decotiipoaed  by  pure  water,  jieldiug  a  whiter  preoipitate  of  oxjr- 
chloridc : 

BiCl,  -f  on,  =  BiClO  -h  2HC1. 

The  diehtoride,  Bi^Cl^,  produced  by  bentin^  tho  tri<^hloride  with  metallic 
bifltuittli,  is  u  brown,  crynhdlitie^  easily  fuaible  roasa*  readily  decomposed 
by  wftter.  At  n  high  temperature  it  iis  resolved  into  the  trichloride  and 
metallic  bismuth. 

OxiPES. — The  triozidf^  or  Bt^itithaun  oxidf,  i»  a  straw-jcllow  powder,  ob* 
taiticd  by  gently  igtiiting  the  neutral  or  ba^ic  nitrate.  It  is  fusible  at  a 
high  temperature,  and  in  that  state  acta  towards  BiUceous  matter  as  a 
powerful  flux. 

The  htfdratr,  Bi'''"TTO^.  or  Bi^Oj,  OH^,  is  obtained  as  a  white  precipitate 
wheu  a  Molutioii  of  the  nitrate  i»  decomposed  by  an  alkali.  Both  the  hy- 
drate and  the  anhydjons  oxide  diasolva  in  the  stronger  acids,  forming  the 
biainuthoua  Ralls,  which  have  the  eompoBitioM  Bi"^R,,  where  R  denote*  aa 
ucid  radical,  e.  y.,  Bi'^-'Clj,  n\'^'{S(\]^.  Bi'^ySO^)^.  Many  of  thcfe  foltj 
crystjilliie  well,  but  canuot  exist  iu  point loti  unless  an  excess  of  acid  is 
present.  On  dtluling  the  solutions  with  water,  a  basic  salt  is  precipitated, 
and  an  acid  salt  remainji  in  solution. 

The  fwrmut  tiitnile,  BV^^{f^i.\)^.  &(>H^  or  Bi^,*  8N,0j,  TOOH^  formf  laqfe 
trniiMparent  colorless  cryntals,  which  arc  decomposed  by  warer  in  the  man- 
ner jnwl  mentioned,  yitdding^  an  ucid  Holutiou  conlnining  a  little  bi&muth, 
and  a  brilliant  white  crystalline  powder,  which  vnnc,^  to  a  certain  extent 
in  com  posit  ion  according  to  (ho  temperature  and  the  niiantity  of  water  «m- 
ployed,  but  Freiiuently  consists  of  a  basic  nitrate,  Bj/),  *  N,Oj ,  20M^  at 
Bi'^'(N03)|.Bi^(>,,3(JH^  A  solution  of  bismuth  niJrate,  free  from  any 
great  excesd  of  acid,  poured  into  a  large  quantity  of  cold  water,  yields  an 
insoluble  basic  nitrate,  very  nimilar  in  appearance  to  the  above,  but  con- 
taining rather  a  large  proportion  of  bismuth  oxide.  This  bai?ic  nitrate  wat 
oiiiTi'  eiteuKively  employ e<l  as  ti  coMUietic,  but  it  is  suid  to  itgure  the  skin, 
rendering  it  yellow  unti  kMither-likc.      It  iy  used  in  medicine. 

Bismuth  pmtoiidf^  or  Ehmuthic  tjxkk.  —  When  bismuth  trioxide  is  iu«- 
pended  in  a  strong  solution  of  potai^h,  and  chlorine  pHssed  Ihroiigh 
the  liquid,  decomposition  of  water  ensties,  hydrochloric  iicid  being  formed, 
and  ilie  trioxide  bidng  converted  into  the  pentoxide.  To  separate  anv 
trioxidc  that  may  have  escaped  oxidation,  the  powder  is  treated  wit  a 
dilute  nitric  acid,  when  the  bismuthic  oxnie  is  left  as  a  reddish  fiowder, 
which  i-t  insoluble  in  wnter,  Thi^i  nub-^tanee  combines  with  bases,  but  the 
compounds  are  not.  very  well  known.     Acciinling  to  Arnpe,  tlieru  is  an  acid 

potassium  bismuthate  containing  BlgKHO,,  or  2Bi,/V  ^  J^'^*    The  pentoxide 

irlipfl   heafed   loses  oxygen,   an   intermc«!iate  oxide,   Bi/)^,  being  formed. 
which  maj  bi^  coiisideied  ufc  ^MinaiUcoiii  lii*ma(U(«,  2UitU4  =  Bi^Hj^BtjUj, 
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Bismutli  li  sufficiently  cbaracterixed  by  the  decomposition  of  the  nitrate 
and  chloriclc  and  by  water,  and  by  the  bbn^k  procipihitt?  of  bisniuth  i^ulphido, 
iiieolnhle  in  aiDn)onium-aid|iliide,  which  its  sulutioiiji  yield  when  exposed  to 
thti  ac«ion  of  hydrogen  sulphirle. 

A  mixture  of  8  parlH  of  bismuth,  5  partes  of  lead,  and  B  of  iin,  m  known 
under  the  name  otfiuiltU  metai,  und  is  employed  in  taking  impresBions  from 
diea  and  for  other  purpotnes  :   tt  melts  below  10l)*^C. 

Dismulh  lis  UEjedf  in  conjunction  with  aniimony,  in  the  oonatrnction  of 
thermo-electric  piles,  iheeu  two  inetalfl  forming  the  opposite  extremes  of  tbe 
ihermo-elecirio  series. 


VAITAIHUM* 
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YANABirv  is  found,  in  small  qtianttty,  in  Bomo  iron  ores,  and  ftlso  as  twna- 
dair  af  trxid.  It  hus  also  been  diHcovered  in  the  iron  »lng  of  Staffordyhiro, 
and  recently,  by  lloscoe,*  in  larger  quantity  in  ilie  eopper-beftring  buda  at 
Alderley  Edge  and  Mottram  8t.  Andrews,  in  Theshire.  Melallic  vtinadium 
remains  wht^n  vanadium  niiri"le  la  heated  to  whiteness  in  ammonia  gai<,  but 
it  docs  not  appear  to  have  been  oltlained  pure,  ll  is  described  as  a  white,, 
brilile  aubstance,  having  a  strong  lustre,  and  yerj  refractory  In  the  fire, 

Vanaduim  uii*t,  till  lately,  regiirded  a«  a  hexnd  metal,  analogous  to  lang- 
8ten  and  molybdenum;  but  Roscoe  liaB  ahoxvn  that  tt  i»  a  pentad,  belonging 
to  I  he  pbosphoru?!  and  aracnic  group.  Thiy  eoncUision  ia  based  upon  the 
Gompn;?ilion  of  tbo  oxides  and  oxyddorideH;  and  on  the  isomorphism  of  the 
Tanadates  with  the  phof^phates.  The  chloridei*,  and  olher  conipounda  of 
T&nadium  with  monad  cblorous  dementi*,  have  not  yet  been  obtained. 

VAJffAUirsi  Oxii>Ka,  —  Vanadium  forma  four  oxides,  represented  by  tbo 
formula*,  V^O.^  ^z^^b*  ^ /V  ^  2*V  'it*iih^K*>^i«  therefore  to  the  oxides  of  nitro- 
gen, excepting  that  the  vanadium  oxide  analogous  to  nitrogen  monoxid*  is 
not  yet  known. 

The  f/iVijfd«,  VjO-  which  was  regarded  by  Berseliua  a?  metallic  vanadium, 
in  obtained  by  reducing  either  of  the  higher  oxides  with  potassium,  or  by 
passiing  the  vapor  of  vanadium-oxy trichloride,  (VOOlj),  niixed  with  excess 
of  hydrogen,  through  a  eoud>u9tion-tube  containing  rtMl-hol  charcoal.  As 
obtained  by  thn  second  proces**,  it  forms  a  ligbt-gray  glintering  powtler,  or 
ft  metallically  lustrous  cryslalline  cru»t,  having  a  *'pecific  gravity  of  It  64, 
brittle,  very  ditbeult  to  fu«e»  and  a  conductor  of  eleclrieity»  Whvn  heated 
to  redness  In  tbc  air,  it  takes  fire  and  burns  to  blaek  oxide.  Ii  is  insolublo 
in  sidpburic,  hydrochloric,  and  hydrofluorie  acid,  but  disaolvcs  easily  in 
nitrooHjrtalic  acid,  forming  a  dark-blue  liquid. 

TUe  dioxide  may  be  prepared  in  solution  by  the  action  of  nascent  hydro- 
gen (evolved  by  metallic  jinc,  cadmium,  or  *<odiutii-ftmrtlg«m),  oti  a  solution 
of  vanadie  acid  in  sulphuric  acid.  After  passing  through  all  shades  of  blue 
and  green,  the  liquid  acquircii  a  permanent,  lavender  tint,  and  then  contains 
the  vanadium  in  solution  as  dioxide,  or  as  hf/po-vnnftffiottjt  salt.  This  com- 
pound iihworbs  oxygen  more  rapidly  than  any  other  ktiown  agcni,  and 
blenches  indigo  and  other  vegt'tablc  eolors  as  quickly  as  ehlorine* 

Vanadium  dioxide  may  be  rejrardtMl  as  entering  into  many  vanadium 
compounds,  a»  a  hivalf^n*  radical  ( jiHt  like  urunyl  in  the  uranic  compoaiuU^, 
aad  may  therefore  be  called  vuHfuii/t, 

V^inadtum  trwi-ide,  \\0^,  or  Vtmmlyi  monoxW*,   ^'V/>^''0/\a  <>XiWvftft^  X^l 

•Proc»««ji^  of  tlia  Royal  Socl«t7,  x^  ^SS^ 
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ignifmg  the  pentoxide  m  hydrogen  gap,  or  in  »  crucible  lined  irith  chtT» 
coaL  It  m  a  hiack  powder,  with  an  utmost  mctAlHc  lustre,  and  infusible; 
by  proBaiir«  it  may  be  united  into  a  coherent  mass  which  conducta  ctec- 
tricity*  When  exposed  warm  to  the*  air,  it  glows,  ah^urba  oiygen.  mud  it 
converted  into  pentoiide.  At  ordinary  temperature?,  it  slowly  nbeorbs 
Oiypen,  and  ia  converted  into  tttiroxide.  Viy  ignition  in  chlorine  gas  it  is 
converted  into  vaQadyl-trichloride  and  vanndiitm-pentoxide*  II  is  insolubU 
in  acidSj  but  may  be  ohtiiined  in  aolution  by  the  reducing  net  ion  of  nascent 
hydrogieo  (evolved  from  metallic  omgnesium)  ou  a  aolutioti  of  vanadic  »cid 
in  »ulplitirlc  acid. 

Vanfidimut  oride^  Vanadium  tetr oxide,  or  Vnnadt/l  dioxide  V,0|:=  (V,0,)0-— 
This  oxide  is  produced,  eitlier  by  the  oxidation  of  the  dioxide  or  Irioxide, 
or  by  the  partial  reduction  of  the  pentoxtde.  By  allowing  the  trioxide  to 
absorb  oxygen  at  ordinnry  temperatures,  the  telroxide  is  obtained  in  blue 
ihining  crystals.  It  diM^olves  in  acids,  the  more  easily  in  proportion  as  it 
hai  been  leaa  fUrongly  ignited^  forming  ^obition^i  of  vafiadiotts  salfSt  which 
have  a  bright  blue  color.  The  satue  »olutiona  are  produced  by  the  action 
of  moderate  reducing  agents,  auch  as  sulpburous,  »iilph«hydric,  or  oxalto 
acid,  upon  vauadie  acid  in  FokiJion;  Ql>io  by  paisaing  air  through  ucid  folu- 
tion«  of  the  dioxide  till  a  permanent  blue  color  is  atlaine<)«  With  ihe  htfdrnla 
and  normttl  curfmnaUx  uf  thf  fixed  ittkalkM^  they  form  a  gray iHh> white  precipi- 
tate of  hyilrated  viiuudiotm  oxiile,  which  dissolves  in  a  iiioderale  exces*  of 
the  refluent,  but  y  reprecipitatod  by  a  large  excei^ii  in  the  form  of  a  vana4it« 
of  the  alkali-metal. 

Ammonia  in  exccssa  produces  a  brown  precipitate,  soluble  in  pure  water, 
but  insoluble  in  wnter  containing  ammonia,  —  Ammonium  Muipkid^  tormt  % 
black'brown  precipitate,  soluble  in  excess.  —  Tincture,  of  galh  forms  a  finely 
divided  bhick  precipilrtte,  which  gives  to  the  liquid  the  appearance  of  ink, 

Vanadium-tctroxidc  also  unites  with  the  more  ba«tjc  metalliG  oxides,  form- 
in  p  Fahs  called  iutrtftflittx,  all  of  whicli  are  insoluble,  except  tho£ie  of  Ihe 
alkali-metnli^.  The  ^oluliou.n  of  iho  nlkaline  vanadites  arc  brown,  but  when 
treiiled  with  At/dnrt/'m  suiphkd^^  they  aci^uire  a  bplondid  red-purple  color, 
ariHing  from  tUe  formation  uf  a  sulphur  •salt.  —  Acidt  color  them  blue,  bj 
forming  a  double  vaujidiouj*  salt;  tirtrfurf  of  gulU  colora  them  blackisb-blae. 
The  insoluble  vatiuditps,  when  moistened  or  covered  with  water,  b^eome 
green,  and  are  convened  luio  Tanadatee. 

VtiHudium  pntloj-idt,  Vamulic  oiide,  or  Vanndijl  frioiidi'^  ^a^*  =  (^f^t)Or 
This  h  the  liigbe!*t  oxide  of  vatuidium.  It  maybe  prepare*!  from  nalite 
lead  vanndate.  This  miuerul  is  dis><olved  in  nitric  acid,  and  the  lead  and 
arsenic  are  precipilated  by  hydrogen  *iulphide,  which  at  the  »ixme  lime  re- 
duces the  vanadium  pent  oxide  to  tetroxide.  The  blue  filteretl  ifiolution  il 
then  evaporated  to  dryness,  and  the  residue  digested  in  ammonia,  which 
dissolves  out  the  vanadic  oxide  reproduced  during  evaporation*  In  ihit 
solution  a  Iiim]>  of  sal-ainmorjiite  is  put;  an  that  salt  dissolves,  amtnonium 
Tanadiile  subsides  as  a  white  powdi^r,  being  scarcely  soluble  in  a  saturated 
solution  of  ammonium  chloride.  By  exposure  1o  a  tempeniture  below  reii- 
mess  in  an  open  crucible,  the  ammonia  is  expelled,  and  vanadie  oxide  left. 
By  a  similar  proee,'*a,  Rosco  has  prepared  vanadie  oxide  from  a  lime  precip- 
itaio  containing  2  per  cent,  of  vanadium,  obtained  in  working  up  a  poor 
cobalt  ore  from  Motlriiiu  in  Cheshire. 

Vanadium  pentoxide  has  a  reddish -yellow  color,  nnd  di'solvea  !n  1000 
parta  of  water^  forming  n  light  yellow  solution.  It  dissolves  also  in  the 
stronger  ncids,  forming  red  or  yellow  sidytinnt^,  some  of  which  yield  ery«- 
talliue  compounils  (vaniidic  sjilt^)  by  sponlaneous  evaporation.  It  unitet, 
however,  with  bases  more  readily  than  with  acids,  forming  salts  called  tviaa* 
da/tfjt.  When  fused  with  alkaline  ciivhousttus.  it  elitninnti's  3  uioleeules  of  car- 
bon  dioxide,  form ingor iho vu ; Midatc4  antiiXQ^'ovia  Va v\^%  ^tvViq^ 'to s ^ hu i  cs ;  thus ; 
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8(C0, .  Xa,0) 
SiKlium  eur- 


oxide. 


VA  •  SXa.O 
SodiiiiM  ortlio- 
-vanadaLe, 


SCO,. 
Curhon 
ft  i  oxide. 


It  ftlso  form!!  metavanadatfM  ftHAlopfoiia  to  the  metaphoaphAteSf  aod  two 
series  of  aoid  tanadatet  or  auht/drovattadaltif  vix. : 

Lea<l  orthovanadftte     .     (X{}^).,Vh^\  or   Y^O^ . 

or    V,0,. 


S t  rout i ii m'  me t a vu n ada to  ( VO.j  )j^v^^ 

filrontiiim  divanudate       (TO,)jSr''  ♦ 

Strontium  trivanadate      (V0j)j8r''  .  2V;;o;  or  '6V'fll . 


Sr'^O. 


Lead  metaTanndatc  occurs  tiativo  ab  dfcheinte;  the  ortlioranadiite  Also, 
corabined  wiiU  U-jid  clilaride,  as  vanadinite  or  iHtnadite^  PbCl,.  iJ(VU^)jPb„ 
the  mineral  in  which  vanadium  was  first  discovered.  Descloistte  \s  a  di- 
plutnbic  vatmdate,  \fijVh*\  or  VjOj^SPbO,  analogous  Ln  euiapusition  to  ft 
pyrophosphato. 

The  metavaoadfltea  are  mostly  yellow  :  gome  of  them,  however,  especially 
those  of  the  alkalinu  t^artli-metala,  and  of  line,  cadmium^  and  lead,  are  con- 
verted by  warrniiif?  —  either  in  ibo  «olrd  state,  or  under  water,  or  in  aque- 
ous solution,  cgpecially  tn  prej^cnco  of  a  free  alkali  or  alkaline  carbonate  — 
into  isonierio  colorless  aalia.  The  aume  traaaformatioii  takes  place  also, 
though  more  slowly,  at  ordinary  tempcrattires.  The  metaranadate$i  of  al* 
kali -met  a  I  are  colorless.  The  aeitl  vanadates  are  yellow,  or  yellowish-red, 
both  in  the  solid  statt?  and  in  solution:  hence  the  solution  of  a  neutral  vana- 
date becomes  yellowish-rod  on  addition  of  an  acid.  The  metavaDudateB  of 
animonium,  the  alkali-rnolalMp  barium,  and  lead,  are  but  sparirijrly  solnblo 
in  water;  the  other  mertavanadatea  are  more  eoliible.  The  alkaline  vana* 
dfttea  are  more  soluble  in  pure  water  (ban  in  water  containing  free  alkali 
or  salt:  henoe  they  are  precipitntcil  from  their  solntiona  by  addition  of 
alkali  in  excess,  or  of  salt.n.  The  TUiiadatea  are  ini^oluble  in  alcolioL  The 
jiqueous  solutions  of  Yanadates  form  yellow  precipitates  with  antimomf.  top- 
ptr,  Imd,  and  mrrftiri/ salt k:  with  (inctttre  of  ffulls^  they  forni  a  deep  blaek 
liquid,  which  haa  been  proposed  for  use  »8  yanadium  ink, 

lij/droqrn  j^ulphidi'  reduees  tbem  to  Tanadites,  changing  the  color  from  red 
or  yellow  to  blue,  and  forming  a  pirecipitate  of  sulphur.  Ammouitttn  tulpkkU 
colors  the  solutions  brown-red,  and.  on  adding  an  acid,  a  light-brown  pre- 
cipitate is  formed  coneislinif  of  vanadie  sulphide  mixed  with  sulphur,  the 
liquid  at  the  same  time  turning  bine.  JJf/drfychlnrie  rtriV/ decomposes  the 
viuiftdatea,  with  eyolution  of  chlorine  and  format io;i  of  Yatiadium  tetroxido, 

Vaxadhtm  Oxychlotiidks,  or  Vanat>tl  OHixoainES.  —  Four  of  these  com- 
pounds are  known,  viit.,  VOCl,,  VOCl,,  VOCl,  and  V^OXL 

The  ori^fnchloride,  VO^'Clj  (lormerly  regarded  as  vanadium  trichloride), 
is  prepared  : 

(1)  By  Lhe  aoiion  of  chlorine  on  the  iri  oxide: 

3Y,0,        -f        CI,,       =       V,0^       +        4vori3. 

(2)  By  burning  lb e  dioitido  in  chlorine  gas,  or  by  passing  that  gas  over  an 
ignited  mixture  of  the  trioxide,  tctroxidc,  or  pentoscide,  and  condensing  the 
vapors  in  a  cooled  LT-tube. 

Vanadium  oxytrichloride,  or  Tanadyl  trichloride,  is  a  golden-yellow  liquid* 
of  specific  gravity  1  841  at  14  6^  C,  (5K°  F. ),  Boiling  point,  laT**  C\  ('JOtJ^ 
F  ).  Vapor-den*iity,  by  experiment.  GIOH ;  by  calculation,  6  llU,  When 
exposed  to  the  air,  it  emits  cinnahar-eolori'd  vaporj*.  being  reaulved  l>y  the 
moiature  of  the  air  into  hydrochloric  and  vanadic  acida.  Vv  ii-vVYvtc^  tw^i^- 
nesium  and  sodinm.  Its  rapor,  pas^sed  over  peTfecl\^'  \»WTe  Cft.v\i^>T\.  v\V  -h.xtA. 
Jieme,  jrields  OAtbon  dioxide;  sJid  when  paaBcd,  lo|jft\.\i^T  v*W\i  V^^^o^^w^ 
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through  a  red-hot  tube,  yields  Tanadium  trioxide.     These  reaetioni  ahow 
that  the  compound  contains  oxygen. 

Tltc  other  uxychlorides  of  Tunadium  are  solid  bodies  obtained  by  partial 
reduction  of  the  oxy trichloride  with  linc  or  hydrogen. 

Vanadium  Sulphides.  —  Two  of  these  compounds  are  known,  analogoni 
to  the  tctroxide  and  pentuxidc  ;  both  are  sulphur  acids.  7he  teiramijSide, 
or  Vanadious  sulphide,  V^S^,  is  a  black  substance  formed  by  heating  the 
tctroxide  to  redness  in  a  stream  of  hydrogen  sulphide;  also  as  a  hydrate 
by  dissolving  a  yanndious  salt  in  excess  of  an  alkaline  monosalpfaide,  and 
precipitating  with  hydrochloric  acid.  The  pentanulnhide^  or  Vanadie  tul- 
2>hidi\  V,S^,  is  formed  in  like  manner  by  precipitation  from  an  alkaline 
vanadate. 

Vanadium  Nitrides. — The  mononitride,  VN,  is  formed  by  heating  the 
conipouutl  of  vunadluni  oxytrichlorido  with  ammonium  chloride  to  white- 
ness in  a  current  of  ammonia  gas.  It  is  a  greenish-white  powder  unalter- 
al)lo  in  the  air.  The  dinitridt\  VN,,  or  V^N^.  is  obtained  by  exposing  the 
same  double  salt  in  amiuonia  gas  to  a  moderate  heat.  It  is  a  black  powder 
strongly  acted  upon  by  nitric  acid.  These  compounds  are  of  importance, 
an  they  promise  to  yield  metallic  vanadium,  and  thence  also  the  chlorides, 
bromides,  &c.,  of  that  metal. 


All  vanadium  compounds  heated  with  borax  or  phosphorus-salt  in  the 
outi>r  l)low-pi)ie  tlanie  produce  a  dear  bead,  which  is  colorless  if  the 
quantity  of  vuiiadiuiu  is  small,  yellow  when  it  is  large;  in  the  inner  flame 
the  bead  ac(|uiresi  a  beautiful  green  color. 

Vanadie  and  chromic  acids  are  the  only  acids  whose  solutions  are  red: 
they  are  distinguished  from  one  another  by  the  vanadie  acid  becoming  blue, 
and  I  he  chromic  acid  green,  by  deoxidation. 

When  a  solution  of  vanadie  acid,  or  an  aciilulated  solution  of  an  alkaline 
vanadate,  ifl  shaken  up  with  ether  containing  iiydrogen  dioxide,  the  aqueous 
solution  noqiiireM  a  rod  color,  like  that  of  ferric  acetate,  while  the  ethi>r 
remains  colorless.  Thi.«*  reset  ion  will  serve  to  detect  the  presence  of  1  part 
of  vanadie  acid  in  4().(N)()  parts  of  liquid.  The  other  reactions  of  vanadium 
in  solution  have  already  been  described. 


TANTALUX. 

Atomic  weight,  182.     Symbol,  Ta. 

This  metal  was  discovered,  in  18()3,  by  Ekebcrg,  in  two  Swedish  minerals, 
tanialite  and  yttrotantalite.  A  very  similar  metal,  columhium,  had  been 
dihieovered  in  the  preceding  year  by  Ifatchctt,  in  columbite  from  Massachu- 
setts; and  WoUustou,  in  18U7.  on  comparing  the  compounds  of  these  metals, 
concluded  that  they  were  identical,  an  o))inion  which  was  for  many  years 
received  as  correct:  but  their  separate  identity  )ms  been  completely  estab- 
lished by  the  researches  of  II.  Rose  (commenced  in  IS-Iti),  who  gave  to  the 
metal  from  the  American  and  Ilavarian  colunibites,  the  name  S'ioKum,  by 
which  it  is  now  universally  known.  More  recently,  Marignac  has  shown 
that  nearly  all  tantalitesandcolumbites  contain  both  tnntalum  snd  niobium 
for  coliimbium),  some  tantalates,  from  Kimito.  in  Finland,  being,  how- 
ever, free  from  niobium,  and  some  of  the  Greenland  roiumbites  containing 
only  tho  latter  metal  unmixed  wUb  \a\Ua\uw\.  lu  all  those  minerals  tun- 
tulum  exists  us  a  tantalate  of  iron  and  man^ii«««\  -jvvvQVwxviaXw^K^^^wBB- 
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ilAtlj  a  tfttitalate  of  yttrium,  coniaining  alflo  uranmm,  Cttlclum,  iron,  and 
Qlhttr  met  lib      Ttaiitsiluni  is  also  contiiitu'tl  in  gomo  Turielies  of  woltVam, 

l^tetaUic  lantJiliim  in  obtuinefl  by  lieuting  iLe  fluotautalate  of  polaaaium 
or  BO'liufn  wiih  uietiillic  »o<lium  iu  u  well-covereJ  iron  crucible,  and 
WA^Uing  out  the  soluble  untta  with  wuicr.  U  is  a  black  powder,  which, 
wlit-n  lit»ated  in  ttic  tiir,  burns  with  a  brigbt  ligbt,  and  is  onveileil,  tbougb 
uiib  difficuhy,  inro  taulaliu  oxide.  It  is  not  uttack*?d  by  sulphuric,  hydro- 
chloric, nirric,  or  even  uitromurialic  acid,  ll  disaolvea  alowly  in  wiiriii 
aqueous  hydrofluoric  acid,  wiih  cToluiion  of  hydrogen,  and  wry  rapidly 
ill  a  mixture  of  hydrotluoric  and  nitric  acids. 

Tantulum,  in  its  pfintcijml  computmilri,  is  qninquiTalent,  the  foriniila  of 
.titalic  ehloriJe  being  TuVly  ihut  of  laJilalio  ttuorido,  TuF^,  and  that  of 
ntalic  oxido  (which,  in  cotubiualiou  with  baijes,  fornm  the  tjintalates), 
1,0^.  There  »  ako  a  Untalou^  oxtde,  said  to  hare  Lho  composition  TaO|, 
d  a  correspnnding  sulphide,  TaS^* 


Taktalic  CuLOttiDK. — TaCl^  is  ohtainecl,  as  a  yellow  snblinialc,  by  ignite 
itig  an  intimate  mixture  of  taatalic  nxido  and  charcoal  io  a  wtrcam  of 
cbiorine  gas.     It  begins  to  volatilise  at  144*  C,  (21»1'*  F.)  and  rndts  to  a 

yellow  litiuid  at  22 P  0,  (430'^  F.)     The  Tapor-density  between  n'A)''  and 

^■40''  [m-I"  and  8'_'4«»  F.)  has  been  found  by  Deville  and  Troost  to  be  12*4*2 
^^Eeferred  to  air,  or  178'.*  reterred  to  hydrogen:  hj  caleulalion,  for  Ihe 
^^bornial  condensation  to  two  volumes,  it  i»  llMliK  Tanlalie  chloride  in  de- 
^^Komposed  by  water,  yielding  byclrocbloric  and  tantalte  aoida;  hut  the  de* 
^^compoaition  ia  not  complete  eveti  at  the  boiling-beat, 

Taxtalic  Fluoride,  TaF^,  is  obtained  in  solution  by  treating  tantalif!  hy- 
drate with  aqueous  hydrottuorio  acid.     The  solution,  mixed  with  alkaline 
i       fluorides,  forms  soluble  crystalliiable  salts,  called  iantalojftuoridft  or  Jtuotan- 
talatet.     The  potaastum  »att,  TaK^F,  or  TuF^.2KF,  erytntallitea  in  monocliDio 
prisms,  isomorphous  with  the  corret^pondiug  flnoniobnto. 

Taktalig  OxiDR,  TajO}.  U  produced  when  tantalum  burns  in  ihe  air,  also  by 
the  action  of  wuter  on  tantalic  chloride,  and  may  be  He[>arated  aa  a  hydrate 
£rom  the  tantalates  by  the  act i no  of  acids.  It  may  be  prepared  from  tau- 
talite,  which  is  a  tantalaieof  iron  and  manganese,  by  fusing  the  fin»dy  put- 
Terized  mineral  with  twice  it»  weight  of  potassium  hydrate,  digesting  Ihe 
fused  mass  in  hot  water,  and  supersaturating  the  filtered  solution  with  hy- 
drochloric or  nitric  acid:  hydratcd  tantalic  oxide  in  then  precipitated  in 
white  flockfl,  wbicli  may  bo  purified  by  wa^^hing  with  water.* 

Anhydrous  tantalic  oxide,  obtained  by  igniting  the  hydrate  or  sulphate, 
is  a  white  powder,  varying  in  density  from  7 -€22  to  8"2*i4,  according  to  the 
temperature  to  which  it  has  been  exposed.  Heated  tn  ammonia  gaa  it 
yields  tantalum  nitride:  heated  with  carbon  bmiilphide,  it  is  converted  into 
tantalum  bisulphide.  It  is  insoluble  in  nil  acidst,  and  can  be  rendered  solu- 
ble only  by  fusion  with  putassmm  bydrate  or  carbonate. 

//yr/rrtW  TantaUe  Oitde,  or  Tantalit  acid,  obtained  by  precipitating  an 
a<|uci>us  solution  of  potassium  tantalate  with  hydrochloric  acid,  is  a  snow- 
wiuttf  bulky  powder,  which  di^isolves  in  hydrochloric  and  hydrofluoric  acida; 
when  strongly  heated,  it  glows  and  gives  off  water. 

Tnntatic  oxide  unites  wiih  basic  metallic  oxides,  forming  the  tantalates, 
which  are  re  pre  sen  I  e<l  by  the  formuho.  Tji,(>j  .  M,0  and  3Ta^Oj,4M/).  the 
first  including  tbo  native  (antalates,  such  as  fiTrous  tantalate,  and  the 
vecond  certain  easily  cryHtalUzable  tantalates  of  ihe  alkali- metals.  The 
tontalates  of  the  alkali-metals  are  soluble  iu  water,  itnA  a^Tt  lorrfa*^  Vj 
fbaing  tantalic  oxtde  tr/lh  caustic  alkalies:  those  ot  vYit  ea.T\V\£k».V^^& *J^^ 
it^mrj^  meiuU  are  lasoiahht  and  are  formed  by  ^rec"\^vtal\<iii. 
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Tantalum  di&xids^  or   Tmttaloua  oxide^  TaO.,  nmy  be  r«pr««e]it«d  by  thv 

formtila  I  f  in  which  the  metal  is  bHW  quinquWuleni.     It  it  produced 

by  eiposhig  t^ntaiic  f^jcide  to  an  intenso  he&t  in  a  crucible  lined  with  char- 
doaL  It  is  a  hard  dark-gray  eubatauce,  which,  when  heated  in  the  air,  19 
couverted  into  tautallc  oxide. 


Ut/droehloric^  or  sulphuric  acid^  added  in  C3C<!S8  to  a  solution  of  alkaline 
tiintukte^  ft^rtiiH  a  prueipitate  of  tnntalic  acid,  which  redissolvca  in  excess  of 
the  hydrochloric,  but  nol  of  the  sulphuric  ccid,  Potaatum  frrToeyuntUi^ 
added  to  a  very  slightly  acidulated  poltition  of  an  alkniine  tanialale,  fortna 
a  yellow  precipitate;  Ihe /rrriei/amde^  a  white  precipitate,  Infunon  €^f  gaih 
forttis  a  light-yellow  precipitate,  iMitublo  in  alkalies.  When  iantalie  chloride 
ia  dinHoked  in  etrong  Mulphurie  acid,  and  then  water  and  metallic  zine  are 
added,  a  fine  blue  color  i»  produoedt  which  does  not  turn  brown,  but  soon 
dit!i  appears. 

Tiintalie  oxide  fused  with  mtcrocosmic  salt  in  either  blowpipe  flame  forms 
a  clear,  colurlesa  gloas,  which  does  not  turn  red  on  addition  of  a  ferrous 
«alt.  With  borax  it  also  fortiiH  a  tranHparcDl  glass,  which  may  be  rendered 
opaque  by  interrupted  blowing,  or  fiaming. 


moBiirir,  or  coLUUEnrit. 

Atomic  weight,  94*     Hymbol^  Nb. 

This  metal,  discovered  in  IBOl  by  Hatcbett,  in  American  colnmbtte,  eiMi 
likcwi*^e,  aMBocialed  with  tantalum,  in  columbiteii  from  other  sources^  ami 
in  moEUt  tiintalitt'^i^ ;  aUo^  a«tgociated  with  yltrium^  uranium,  iron^  and  smuU 
quant itiea  of  other  metals,  in  Siberian  Samarskite,  urano-tantalite,  or 
yliroilmenitei  also  in  pyrochlore,  euxeniiej  and  a  variety  of  pitchblende 
from  8atersdiili*n  in  Norway. 

The  metal,  obtained  in  the  same  manner  afl  tantalum,  is  a  black  powder, 
which  oxidises  with  incandescence  when  heated  in  ulie  air.  It  diiiftolTeft  In 
hot  hydrofluurio  acid^  with  evolution  of  hydrogen^  and,  at  ordinary  (em- 
p«»rttturcH,  in  a  mixture  of  hydrofluoric  and  nitric  acid;  slowly,  al^io,  when 
heated  with  strong  sulphuric  acid,  It  is  oxidiied  by  fusion  with  acid  potas- 
sium i*ulphate,  ami  graihiully  converted  into  polosflium  niobate  by  fuatoa 
with  pLilns?ium  hydrate  or  carbonate. 

Niobium  is  quinquivalent,  and  forms  only  one  cIiisp  of  compounda,  namelyk 
A  chloride,  Nhi^jt  oxide,  Nb,Ogj  oxychloride^  NbOClj,  &c, 

Nionio  OxiDB,  NbjOg,  is  formed  when  the  metal  burna  in  the  air.  It  la 
prepariMi  from  columbite,  &c  by  fui-iing  the  levigated  minerol  in  a  platinum 
crucible  with  U  or  8  psirts  of  acid  potu«4sium  sulphate,  removing  aohiblc  ^alt* 
by  boiling  the  fuaed  mass  with  water,  digesting  the  residue  %vith  ammonium 
sulphide  to  dissolve  tin  and  tungsten,  boiling  with  strong  hydroohlorie  acid 
to  remove  iron,  uranium,  and  other  metals,  and  finally  washing  with  water. 
Niobio  oxide  is  thM»  obtained  getieralJy  mixed  with  tanlalic  oxide,  from 
which  it  is  separated  hy  meana  of  hydrogen  and  potassium  fluoride,  IIF  .  KP, 
wJiich  convert!^  the  tantahim  into  sparingly  soluble  potassium  t ant ofltioride, 
2KF.  TaF„,  and  the  niobium  into  easily  soluble  potassium  niobox^- fluoride, 
2KF,  NbUF,.  Aq. 
Niohio  oxidf  is  alao  produced  by  decomposing  niobio  chloride,  or  ory- 
cbhride^  with  water  :   when  pure  Vt  lai^a  a  %^%«i\&<(i  ^gM^NUy  of  i'4  to  4-6.     It 
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18  an  aoid  oxide,  uniliDg  with  b&ato  oxiilcfl,  >nd  formlog  mUc  called  niohttieM, 
souic  uf  wJiicb  occur  u»  uatural  mii)eri&La :  coluiubitt:^  for  example^  being  a 
ferrO'iaangifcQtfua  niobiktc.  The  potassium  nmbaff^Jt  crystallize  ri'atlily,  itad 
in  wcll-Je^iitjU  forma.  Mitrigimc  has  obtjiiiied  tbe  ealu  -IK^O .  iJ^^Uj.  Itiaq. 
crystaUiJiirig  in  uiouoclinic  prisma ;  tiK^U  *  TNb/Jj,  ^Jaq,  iu  pjTiimiduii  luutio- 
cUnic  crystals;  oK^U .  2Nb^0j.  liJaq.  in  rhuajboidal  priaina ;  iinJ  K3O, 
3.Vb/lc  •'>ii<i^  ti^  >^  pulveruleut  preflipiliiLe,  by  bulling  a  ^oluliou  of  potJia&ium 
niobaKy-tiuoride  wilh  potasaium  carbonate,  Tbe  aodium  HtobadA  are  ftrys- 
talline  powders  which  decompose  during  washing.  There  is  also  a  sodium 
and  potassium  niobnte^  oontitining  Kd,U.  3KjO .  ^Nb^O^.  9aq. 

NiOBic  CttioaiDK,  NbClj,  is  obtained,  together  wilh  the  oxychloride,  by 
hc&tittg  an  intiiuate  mixture  of  tnobic  oxide  und  charcoal  in  a  stream  of 
ehlorine  gas.  It  U  yellow,  volatile,  rind  easily  fuHihle.  Us  obecrved  vapor- 
densUy^  According  to  Devillc  and  Troost,  is  90  reft'rred  lo  air,  or  1;18*0 
referred  to  hydrogen  as  unity  :  by  calculation  for  a  two-volume  condensa- 
tion, it  is^*t-±_'*li'2^=s=  135-75.  The  oxychioridi,  NhOn,,  is  white,  vola- 
tile, but  not  fusible:  its  fipeciSc  gravity,  referred  lo  hydrogen,  is,  by  obser- 
Tation,  114'O0;  by  calculation, ■ ^ 


=s  109 '25.      Doth   tbeae 


compounds  are  converted  by  water  into  niobic  oxide. 


NtoDic  OxvrLroRinE,  Nhf>Fj.  is  formed  by  diesoHing  niobio  oxide  in 
hydrofluonc  »cid.  It  unite«  with  the  tiJiioridtus  of  the  more  bsisie  Kieialfl, 
forming  sails  tMoniorphous  with  the  titanoflnorides,  strttinofliioridi-^,  and 
tiingfltotluorideSt  1  aioui  of  oxygcin  in  thei^e  salts  tiikingthe  place  of  2ntomfi 
of  fluorine.  Marignac  bm^  obtAined  fivo  potaissiiini  nioboxyiluorldea,  all 
perfectly  orystallized,  namely ; 


2KF.NbOFj.aq.,  crystAllmng  m  monoclinic  platen^ 


3KF.Nb**F, 
8K.l!F.NbUF, 
5KF3NbOF,  aq. 
4K.F.3NbOF^,2aq, 


cuboid  fornij*  (>yatema  undetermijied), 
monoelinic  needles, 
hexagfiiDil  prisma, 
triollnic  prisms* 


!„_„.„ _.... 

^Kdlcsi  from  a  Holutjon  of  the  lir^i  of  lb**    nioboityHMorid*.»!!i  above   HK*iition 
^^in  hydrotluorio  acid.     Niobox^Hiiorldea  of  ammonium,   sodium,  jlIug, 
copper  have  also  been   obtained. 

The  isomorphism  of  rhcse  »*all8  with  the  stannofluorides,  liianofluorides, 
and  tungHtofluorides,  shows  clearly  tlmt  I  he  existence  of  ifiomorphisni  be- 
tween ihe  corresponding  compounds  of  any  two  elements,  miint  not  be 
(liken  as  a  decided  proof  that  those  elements  are  of  equal  atomirityr  for 
in  the  case  now  ntidi^r  considerntkin,  we  have  i^omoTphons  salts  formed  by 

Piin  and  titanium,  which  are  tctradsp  niobium,  which  Id  a  pentad,  and  tung* 
Bteu,  which  is  a  hexad. 

Tbe  eoinpoiindfl  of  niobinm  cannot  easily  be  mistaken  for  tbose  of  any 
other  metal  except  innlalum.  Tlii"  moHt  cbnraeterintic  reactioOB  of  niobatcs 
ftiid  LafttAlates  with  lic^uid  reagents  uru  the  following :  — 
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Hjdroohlorio  ftoid 
Ammoniiim  ohloride , 


Potassiam  feirooj&mile 
"         ferricyftiude  . 

Inf  usioii  of  galls  »    .    , 
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Precipitation   slow    ftad 
inccitnplelf. 

Red  preeipitftt*. 
Bright   y«llow    pre«Ipi» 
tat«. 


Whit©  precipitate,  »oIh- 

CotiipScte    precipitate  on 
aa     acid    ajumemiuia 
tantalat^. 
T«Uoir  precipiUtep 
While  preeipitiLie* 

Light    jellow    preetpl- 
Utc. 


Niobio  oxide,  heali^d  with  boms 
colorless    bead,   wbtch,    if  tbe  ox 
opaque  hj  interrnpted  bl&vring  ot  fl 
abundandy,  forming  a  i^olorlcss  beau 
a  Tiolet-colored,  or  if  the  bead  is  sa 
blue  bead,  Uie  color  disoippcarifig  in  th 


iter  blow -pipe  flame,  farm  a  a 
L  ffuflleient  quant  it  j,  b^ome? 
[n  inier&cosmli?  ^att  il  dissolirps 
I  outer  flame,  and  m  the  i^mer 
d  with  the  oxide,  a  beautifid 
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CHBOHimL 

Atomic  weight,  52*5,     Symbol,  Cr, 

iHHRDMIUM  i9  found  in   tho  sUt©  of  oxide,  in  combinaHon  with  iron 

\j  oxide*  in  sottie  nbiaidftnce  in  the  8heiland  Island,^  and  elsewhere:  as 

■  lead  eh  roomie  it  coimlil  lit  e8   a   vt'ry  bujiuijliil   iijini»r!il»  from   which  it  woa 

I  first  obtaiiii*d.  Tba  uiel»l  iifcolC  ia  prepared  in  n  hulf-fuKed  coiidiJiou  b/ 
ndxing  Iho  oxide  wilh  hulf  h^  weight  of  ehurcoiil-powder^  eiieh)!*ing  the 
mixture  in  a  crucible  lined  with  eharcual,  and  tlieu  suhjectiug  it  to  the 
yery  highest  heat  of  ai  powerful  furnace. 

DovillL^  has  prepared  ineialllu  chrondmn  by  ^e^tucing  pure  chromit^m 
scsquioxidc,  by  means  of  an  inHuHicient  quaniity  of  cbfircdal,  in  a  litiie 
crucible.  Thus  prepared,  metallic  chromium  i»  Ivsa  fustible  thdu  pbitinum, 
^^Btid  as  bard  ati  corundum.  It  is  readily  acted  upou  by  fliliito  bydrochlorio 
^^keid,  lens  bo  by  dilute  sulphuric  acid,  and  not  at  nil  by  coucentralcd 
^^bitrio  acid.  Fr<fniy  obtained  chromium  in  F^raall  cubic  erystola,  by  the 
^RftotioQ  of  podinm  vapor  on  chroiniuni  trichloride  at  a  red  heat.  The  crya- 
^BttAHifie  chromium  resists  the  action  of  concentrated  acida,  even  of  nitromu- 
^Byialic  acid. 

^^  Chrnuiium  forma  a  bexfluorlde,  Cr'^F,.  and  a  corrcfiponding  oxide, 
Cr**0,,  analogous  to  sulphuric  oxide  ;  alao^  ^^  acid.  CrO^lLt  analogous  to  sul- 
phuric acid,  with  correi^ponding: salts,  the  chromatcA,  which  are  isomorphoua 
with  the  niilphaten.  Inita  oiher  coniponn'lw,  chromium  reseniMeB  iron,  form- 
ing: the  chromic  compound**  Crjtl,,  CT..O3.  &c  ,  in  which  it  is  apparently  Iriva- 
lent  but  really  (j|ua<lrivalcnt,  iind  the  Liiromoua  compounds,  CrClj,  CrO,  &c., 
ia  which  it  ia  biTalcDt. 

^^^    CiiLOHinRS. — Th<i  fiirhlondf  or  Chromotm  chloride  CrCUt  iw  prepare<l  by 
^^Blcating  the  vi<det>colored   trichloride,  contained    in   a    porcelain   or  glans 
^^Kubc,  to  redncsii  in  a  cnrr^mt  of  perfectly  dry  niid  pure  hydrogen  gas  ;   hy- 
^Hlirochloric  acid  ia  then  dii^eiipfaged,  and  a  white  fuliated  nuiMs  ia  obtained, 
^Hlrhich  dissolves   in  water   wilh  great  elevation  of  leinperaturet  yielding  a 
^Bbliie  solution,  which,  on  exp^^f^uro  to  the  air,  ahHorbs  oxygen  with  extraor- 
^BSiniiry  energy,  aef|uiring  a  deep  green  color,   and   passing  into   the  state 
of  chromic    osy chloride,  CtjCIj  Cr^Uj,      Chromous   chloride   is   one  of  the 
niosi  powerful  reducing  or  deoxidizing  agents   knov^n,  precipitating  calo- 
mel from  a  s^otulion  of  mercuric  ehloridc,  iii«^tatitly  converting  tungjitic  acid 
into  blue  tungsten  oxide,  and  precipilatinij  gold  from  a  f'olution  of  auric 

■chloride.  It  forms,  with  ammonia,  a  ?ky-bbn?  precipitate  which  turns 
breen  on  expo-tore  to  the  atr;  with  amuiouia  siii'l  ^nl-nmmnniac,  11  blue 
Solution  turnnig  red  on  exposure  to  tbc  air  ;  and  with  atuinonium  iiulphidc, 

II  black  precipitate  of  chromouii  Bulpbide, 

The  frirhtontit  or  Chromic  chloride,  Cr^Clg,  is  obtained  itk  ilv<i  ^^Vk-^^it^s^aa 

Kale  bv  heatiwjtr  tff  retJttefHf  in  a  porcelain  tube  a  tivWVviTfc  ^\  v\vTctt\w\vitQ.  %«s%^ 
ioxidt'  Htitl  chHtt'ont,  und  pa!t»ing  dry  cb\otmc  ?;»?»  o\<iX  \V,  1V<i  Vtv- 
Qridv  subtimea,  nud  U  depoaited  in  the  cool  xiarl  of  vU<a  V\i\m£/w  v\\«i  'i^^ 
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of  beautiful  crystalline  plates  of  a  pale  Tiotot  color.  It  is  foUIlj  iBiohills 
in  water  under  ordinary  circumstances,  ctcb  «i  the  boUing-heat.  It  dis- 
solves, however,  and  assumes  the  deep-green  hjdrmted  atmte  in  water  csa- 
taining  an  exceedingly  minute  quantity  of  the  dichlorido  in  volntioB.  The 
hydration  is  marked  by  the  evolution  of  much  heat.  This  remaifcaMe 
effect  must  probably  be  referred  to  the  dan  of  actions  known  at  prcscit 
under  the  name  of  catalysis. 

The  green  hydrated  chromic  chloride  is  easilj  formed  bj  dissolviig 
chromic  hydrate  in  hydrochloric  acid,  or  by  boiling  lead  chromate,  «*  lilTer 
chroniate,  or  a  solution  of  chromic  acid,  with  hydrochloric  acid  and  aie- 
duciiig  agent,  such  as  alcohol,  or  sulphnroos  aoid,  or  crcn  with  hydr^ 
chloric  acid: — 

2CrO,  +  12Ha  B  Cr,CI,  +  60H,  +  CV 

The  solution  thus  obtained  exhibits  the  same  characters  as  the  chroods 
oxygen -salt  8.  When  evaporated  it  leaves  a  dark-green  sjmp,  which,  when 
heated  to  100^  in  a  stream  of  dry  air,  yields  a  green  mass  containing  Cr|Cly 
9011^  The  same  solution  evaporated  in  a  racuum  yields  green  granular 
crystals  containing  Cr,Cl|.OH,. 

Fluorides. — The  trifluoride,  or  Ckromit  /vorMf,  Cr,F^  is  obtained  by 
treuting  the  dried  scsquioxide  with  hydrofluoric  acid,  and  stronsly  heating 
the  (Iricil  mnf>8,  as  a  dnrk-green  substance,  which  melts  at  a  high  tempera- 
ture, and  sublimes  when  still  more  strongly  heated,  in  shining  regular  oe- 
tohcdrons. 

The  hezjluoride,  CrF^,  is  formed  by  distilling  lead  chromate  with  fluorspar 
and  funiiiig  oil  cf  vitriol  in  a  leaden  retort,  and  condensing  the  vapors  in  a 
oodled  and  <lry  Ivndon  receiver.  It  then  condenses  to  a  blood- red  fuming 
liquid,  which  volntilizcH  when  its  temperature  rises  a  few  degrees  higher. 
The  vu])or  is  red,  nnd,  when  inhaled,  produces  violent  coughing  and  severe 
opI>^^•^<f*ion  of  the  lunpn.  The  hexfluoride  is  decomposed  by  water,  yield- 
ing hydrofluoric  and  chromic  acids.  A  fluoride,  intermediate  in  composi- 
tion between  the  two  just  described,  is  obtained  in  solution  by  decomposing 
the  brown  dioxide  hy  hydrofluoric  acid.  The  solution  is  red,  and  yields  by 
evaporation  a  rose-oolored  pult,  which  i»  redissolved  without  alteration  by 
water,  and  precipitated  brown  by  ammonia. 

OxiDKs. — Chromium  forms  five  oxides,  containing  CrO,  Cr,0,,  Crfi^ 
CrO,,  and  (V<),,  the  first  three  being  analogous  in  composition  to  the  three 
oxides  of  iron. 

Tlie  vwnnfidr.  or  Chromnuf  oridr,  Cr^^O,  is  formed  on  adding  potash  to  a 
solution  of  chroniouM  olilori«le.  un  a  brown  precipitate,  which  speedily  passes 
to  de<'p  foxy-red,  %\i(h  disengngenicnt  of  hydrogen,  being  converted  into  a 
liifj^hcr  oxide,  (["hromous  oxide  is  a  powerful  base,  forming  pale-blue  salts, 
which  absorb  oxygen  with  extreme  avidity.  Potassio-chromous  sulphate 
contains  (SO^^j-Cr'^K^,  like  the  other  members  of  the  same  group. 

Tn'chromic  t^trorulr,  <'r3<\  =r  CrO.Cr^Oj,  is  the  above  mentioned  brownish- 
red  precipitate  produced  by  the  action  of  water  upon  the  monoxide.  The 
decomposition  is  not  complete  without  boiling.  This  oxide  corresponds  with 
the  magnetic  oxi<le  of  iron,  and  is  not  salifiable. 

Sf'tgin'oiiffe,  or  Chromic  oxide,  Cr,0,. — When  mercurous  chromate,  pre- 
pared by  mixing  solutions  of  mercurous  nitrate  and  potassium  chromate.  or 
bichnmuite,  U  exposed  to  a  red  heat,  it  is  decomposed,  pure  chromium  ses- 
quioxide.  having  a  fine  green  color,  remaining.  In  tiiis  state  the  oxide  is, 
like  nluniina  after  ignition,  insoluble  in  acids.  The  anhydrous  Hesquioxide 
may  he  prcpnroil  in  a  beaut ifuWy  crysVaXWue  toYiu\>"s\\«\\\\w>»^'^v>VKv\^*\>\\\\V\- 
chromate,  K,0.1iCrO,,  to  full  redness  in  an  eaxWieii  cT\ic\\\fe.    ^xi«i-V»JA  ^\ 
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the  cbromium  triosMe  conitkiried  in  I  hut  liiiU  ikcn  aufl'era  decomposition, 
oxygen  being  Uietiiigagod  and  tse&quioxide  WU.  Tli*j  milled  niii>»»  ia  then 
treaieii  wiih  water,  winch  disaolvea  *iut  utiuirtLl  putiissiium  chrumnle,  tmd 
the  oxide  i»,  lastlv,  ivjished  iind  dried.  Clironiimu  Be^quioxide  coimntinit'aiea 
a  fiae  groen  tint  to  gltuss,  nud  is  used  in  enamel  puiniing.  TUe  crys^tiilliiii} 
sesquioiide  is  employed  in  the  manufiictitre  <jf  ruior-atropa.  From  a  solu- 
tion of  cbrotniiuii  latr^qniotidc  in  potash,  or  soda,  green  gelatinous  hydraltd 
sesqiiioiide  of  chromium  is  sepanited  on  sfandtug.  When  finely  powdered 
ami  dried  over  ffiulphuri^  acid,  it  con!<ii*ti4  of  Cr.OjBOHj,  A  bydraie  tiiay 
aUo  be  prepared  by  boiling  a  somewhat  dilute  aofuiion  of  potassium  blehro- 
mate  strongly  acidulated  wsth  hydrochloric  acid^  with  ^tnall  nuccesHive  pur- 
tiouiii  of  sugar  or  alcolioK  In  the  former  case  eiirbou  dioxide  escapes:  in  tlio 
latter,  aldehyde  and  tilt*o  ttCi'tic  iieid  are  formed,  sub-Htanees  with  whieh  wo 
©ball  become  acquainted  in  organic  chemistry  i  and  the  chrotnic  neid  of  the 
salt  becomes  converted  into  cbromium  trichloride^  the  c<dor  of  the  liquid 
changing  from  red  to  deep  green.  The  re<lucLioti  may  also  be  effected,  as 
already  observed,  by  hydroeldoric  acid  aloiiep  A  slight  excess  of  ammonia 
precipitatea  the  hydrate  from  ihis  eohition.  It  has  a  pale  purplisli-green 
color,  which  becomes  full  green  on  ignition;  an  extraordinary  ^shrinking  of 
volume  »nJ  sudden  incaudescence  are  observed  when  the  hydrato  is  decom* 
posed  by  heat. 

t^hromium  sesqutojcidc  ia  a  feeble  base,  resembling,  and  isomorphotia 
with,  iron  aesquioxide  and  olnmina;  its  BftUs  (chromic  sails)  have  a  green  or 
purpte  coli«r,  and  are  said  to  be  poiBouous. 

Chtomit  aitlphdif,  (SO^)^Cr^  is  prepared  by  dissolving  the  hydralcd  oxide 
m  dilute  sulphuric  acid,  li  unites  with  the  sulphates  of  poia^stnm  and 
ammoiiiuiti,  giving  rise  to  inagnificient  double  salts,  whieh  erystidliste  in 
regular  octoliedrons  of  a  deep  clarct-color,  and  possess  a  eonsiituttun  re- 
sembling tluit  of  common  alum,  the  alumiriinm  being  replaced  by  ehromium. 
~be  ammoninm-salt,  for  example,  baa  the  composition  (H04)jnr''''(NlI^)-13 
The  fin<*8t  crystals  are  obtained  by  spontaneous  evaporation,  Ihii  solu* 
tion  being  apt  to  be  decomposed  by  beat. 

The  durxitif,  CrOj,  which  is,  perhaps,  a  chromic  chromatc,  CrO, .  CrjO,, 
iai  a  brown  substance  obtained  by  digesting  chromic  oxide  with  exce*ijs  of 
chromic  acid,  or  by  partial  reduction  of  chromio  acid  wiih  alcohol,  sulphur^ 
OI19  acid,  &c. 

CuttoMnuM  TEtoxinE,  CrOj;  in  combination  with  water,  forming  Chr^mk 
pi<  CrOj.OlL^CrO^lIj^  (CrO  J'^jtiHly  Whenever  chromium  sesqui- 
&tde  is  strongly  heated  with  an  alkali,  in  cont4ict  with  air,  oxygen  is  uh- 
orbed  and  the  Irioxidc  generated.  Chromium  trioxide  may  be  obtained 
early  pure,  ami  in  a  state  of  great  beauty,  by  mixing  UK)  uieasures  of  a 
old  saturated  solution  of  potassinm  bichromate  with  loU  measures  of  oil  of 
Ifltriol,  and  leaving  the  whole  to  cool,  It  erystallixes  in  brilliant  erinij^oU- 
'  ed  prisms:  the  mother-litiuor  is  potired  otf,  and  the  crystals  are  placed 
lipon  a  tile  ta  drain,  being  closely  covered  hy  a  glass  or  bell-jar.*  It  is  also 
^E^ruted  by  decomposing  the  hexHuoride  with  a  small  quaniity  of  watf^r. 
LShromium  trioxLido  is  very  deliquescent  and  soluble  in  water:  the  solution 
i  iu«itantly  reduced  by  contact  with  organic  matter. 

Chromic  acid  is  bibaiiic  and  analogous  in  compositioiL  to  aulphuric  aeid; 
salts  are  isomorpiious  with  the  corresponding  sulphates, 
J'oftutmm  chrojrujtf.^  CrO^K,^  or  (CrO,)''(OK),-  —  This  salt  is  msdo  directly 
om  the  native  chrome-iron-ore^  which  i»  a  compound  of  chrominm  sesqui- 
b«tdir  and  ferrous  oxide,  analof^ous  »a  magnetic  iron  ore,  by  calcination  with 
kltre  or  wilb  potassium  carbouaic,  or  with  caustic  lime,  the  «ixft  S^^axTvi^TC^- 
duoed  to  powder  and  liea^W  for  a  Jong  iimia  vrilh  Ike  ttXk&U  m  ik  t«,%^ic\^«&y'^ 

*  WariugUiD,  Memoirs  of  ibe  Oheiiilc«a  fiucWt7,\,\ft. 
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ioTj  ftimaoc.     The  protluct,  when  treated  with  water   ^  ;*>!  ^-  -^  ^  " 

tion,  wliicli,  by  cvaporatioDt  deposits  anhydroui^  oryn 

isomorphouA   with   pottisf)iucn  sulplinte.     Pota»i<!iutii  * 

biilcr,  and  disagreeable  taste*  and  dissolves  in  2  parU  vl'  ^jiter  at  15'5*." 

Potaftium  bkhrotjuxu^  or  anhydrotkromate^  2CrO,.  BL^O,  or  CrO^K,  .CrOj.4 
When  sulphuric  acid  is  added  to  the  preceding  salt  in  moderate  quantld 
one   half  of  the  base  is  removed*  and  the  neutral  ehromate  convert cd  il 
bicliromaie.     The  now  salt^  of  whieh  iminen^e  quantities  are  n>  s 
for  use  in  the  arts*  crystailiies  by  slow  evaporation  in  beautiful  i| 

crystals,  derived  from  a  prism.     It  melis  when  he&ted,  and  is  tv. 
partA  of  water;  the  solution  has  an  licid  reaction. 

rotumum  trtchromtjtf,ZVv<}^.  K^O,  or  CriJ^K^.  2CrOy  may  b©  obtained  ia 
crystals  by  dissolving  the  bicJirotnute  in  an  aqueous  solution  of  chromie  acid, 
and  H lowing  it  to  evaporate  over  f^ulphunc  acid. 

Lrtul  rhromfjtf,  CrO^Tb''.  —  On  mixing  solutions  of  potaflftiiiTO  chromateoT 
bicliromutc  with  lead  nitrate  or  acetate,  a  brillirini  yellow  pr«cipiiaie  falls, 
whtuU  is  the  eompound  in  qiue^tion  ;  it  is  the  rhromt-ytUoir  of  the  paints 
Then  this  compound  is  boiled  with  Htne-water,  one  half  of  the  acid  is  will 
drnivn,  and  a  basic  lead  chroinnte  of  an  orange-red  color  left.  The  hx 
chrotuAte  19  nlso  formed  by  adittng  lend  chromale  to  fuj^ed  nitre,  and  aftl 
winds  dissolving  onl  the  Holiible  salts  by  water:  Ibe  product  Is  crystallifl 
and  rivnls  veriiiilion  in  beauty  of  tint.  The  yellow  and  orange  cbron 
colors  are  fixed  upon  cloth  by  the  alternate  application  of  the  two  aolutioa 
and  in  the  latter  case  by  pa(»»ing  the  dyed  si  tiff  through  a  bath  of  boill 
lime-water. 

Sitf^r  fhfomatty  CrO|Agj.  —  This  wait  precipitates  as  a  reddish-brown  \ 
der  when  sokitions  of  potii.^sium   chronmle   and  silver   nitrate  are  mil 
It  dis!»olvos  in  hot  dilute  nitric  acid,  and  separates,  on  cooling,  in 
ruby-rod  platy  crystals.     The  chromaies  of  barium,  zinc,  and  mereury  ir« 
iuaoluble;  the  first  two  are  yellow,  the  last  is  brick-red. 

CttiwMirM  DioxTniriTLOnii^E,  CrO^Cl^,  commonly  called  Chlorochrtiw 
acid —  When  3  parl$^  of  putaHi^ium  bichromate  and  3|  parts  of  ***'«• 
are  intimately  mixed  and  intro'iuced  into  a  small  glji^s  retort.  ' 
of  vitriol  then  added,  and  beot  applied  as  long  its  dense  red  ^  i 
this  compound  pasties  over  as  a  heavy  deep-red  liquid  reseMdiUtig  tirutuiar: 
it  is  dycoiupoaed  by  Boater,  with  production  of  chromic  and  hydro^rhloric 
acids  It  is  aniilogoys  to  the  so-culled  chloromolybdiCt  chlorod; 
chlorosulphuric  acids  111  composition,  and  in  the  products  win 
when  decomposed.  It  maybe  regarded  a?  formed  from  the  <r 
flubsliltiiion  of  CI3  for  O,  or  from  chromic  acid,  (rrtlj)"'(Oll)j.  by  subj*lrll 
tion  («f  (Jlj  for  (OH),;  also  as  a  cotupound  of  chromium  hexchloride  (a" 
known  in  the  separate  state),  with  chromiunt  tiioxidQ*  CrC1^.2CrOLi 
SCrOjCI,. 

rBBCuuoMic  Acr[>  is  obtained,  according  to  Barreswil,  by  mixing  cbromio 
acid  with  dilute  hydrogen  oxide,  or  potassium  bichromate  with  n  -i'«   *  -  >^\ 
very  acid  j+olution  of  biLrtum  dioxide  in  hydro^hbirie  acid;   a  l^ 
formed  of  a  bliu;   colore  which  is  removed   from  the  aqueous   - 
etlier.     This  very  unstable  cotii pound  liii!i  perhaps  the  cotopoeiitoa  tJr|Ug] 
or  CrjO^.Oilg,  analogous  to  that  of  permangauic  acid* 


R^a^tiom  0/ Chromium  compounds,  —  A  aoluHon  of  cliroinlc  cliloride  or  a 
cbrooiic  oxygen  salt  Is  not  precipitated  or  changed  in  any  way  by  hydrogrn 
sulphide.  AfHrnQmam  autphtdf  throws  down  a  grayish-green  precipitate  q( 
{chromic  hydrate.  Cttu!»iu'  jUtd  ttlkalifs  iil»o  precipitate  the  hydratcd  oxtdi~ 
4Uti(i  di»S(/lv*3  it  tia^ily  whi^u  udded  \ii  <:s.i:«:^.    Ammonia^  the  same,  but  iie«r| 


.*«r^^B 


f 


TUNGSTEN,    OR   AVOLFRAM.  441 

insoluble.  The  enrbonfifr.jt  of  pnta^ftinm^  Kodium^  nnii  anwwnium  also  throw 
down  ft  groco  precipitate  of  bydrjite,  Hligliily  soluhle  in  ii  Inrgc  eicese. 

ChruimjiH  »alts  are  but  rarely  nieih  witli ;  for  their  reactions,  see  Chro- 
mium ftiubloride^  p.  437. 

Cliromic  ucid  and  its  »ftl(B  are  ea!*ily  recogniied  in  solution  hj  forming  a 
pale  yellow  prpcipitnte  with  barium  #tf/^«,  brig;ht  yellow  wilh  kmi mltit,  britk- 
red  with  mrrrurotis  stilt»^  and  crimson  with  uttver  »itlt/i ;  also  by  tb«ir  capa- 
bility of  yielding  the  green  sei^quioxidi:  by  reduction. 

All  ehromium  compounds*,  iguiled  with  a  mixiure  of  nitre  and  an  aika- 
line  cftrbouate,  yield  an  alkaline  elironmte,  which  may  be  disBulvcd  out  by 
water,  and  on  being  ueutralixed  with  acetic  acid,  will  give  tbe  read  ions 
Ja»»t  menliotied. 

The  oxides  of  ohromium  nnfl  their  salts,  fused  with  borax  in  either  blow- 
pipe flame,  yield  an  eiuerald-pjreen  f^lass.  The  same  character  jh  exhibited 
by  those  saUs  of  chromic  acid  whoi^e  bases  do  not  of  tbomMeWe^  impart  a 
decideil  color  lo  the  bi'ad.  Tbe  prod ucl ion  of  the  green  color  in  both 
flames  di»tingiiijihe»  chromium  from  uratiiutii  and  vanadiumf  which  give 
green  beada  in  the  inn  or  flame  only. 


TTmOSTEN,  or  WOLTHAM. 

Atomic  weight,  184.     Symbol,  W. 

TuNOSTKN  m  found,  as  ferrous  tnngstate.  In  the  mineral  iroJfmm,  tolerably 
abundant  in  Cornwjdl;  occasitmjilly  abo  as  calcium  tunguiale  (ffcA^^/iV^  or 
run^^/e-n),  and  as  leml  ttingalate  i  nchcdt^tine).  Metallic  tungwten  18  obtained 
In  the  »iate  of  a  dark-gray  powder^  by  slrougly  heating  lungfltic  oxide  in 
m  stream  of  hydrogen,  but  requires  for  ftiuion  an  exceedingly  high  tem- 
perature. It  U  a  %vhile  metal,  very  hard  ami  brittle :  it  has  a  density  of 
17'4.  Heated  tu  redness  in  the  air,  iL  lakes  fire  atid  reproduces  lung- 
siie  oxide, 

Tungiftcti  forms  two  classes  of  compounds,  m  which  U  is  quadrivftlcnt 
and  sexvalent  respectively,  and  a  third  class,  of  intermediate  composition, 
in  whiob  it  is  apparently  quioquivaleut, 

CitLORiDca. — These  componnfls  are  formed  by  healing  metallic  tungsten 
in  chlorine  gas,  Tlie  Ketchlondt  or  tungiktic  chhndt\  WClj,  is  also  produced, 
together  wilh  oxy chloride,  by  the  action  of  chlorine  on  an  ignited  mixture 
of  tUQgstic  oxide  and  charcoal.  The  oxychlorides,  being  more  volatile 
tbun  the  hexchlorido,  may  be  separated  from  it  by  j^ublimation.  The  hex- 
chloride  forms  dark  violet  scales  or  fused  crusts  having  a  bluish -black  me* 
iallic  iridescence*  By  coiitnct  with  water  or  moist  air*  it  is  converted  into 
hydrochloric  and  tungj»tic  acids.  The  Utraehlt/ride^  WCl|,  is  formed,  accord* 
ing  to  some  authorities,  us  a  dark-rol  eomp*uind,  when  tungsten  is  heated 
in  ohlorine  gas  ^  but  according  In  othcrsi,  (his  red  compound  is  a  penta- 
chloride,  WjCl,^^,  or  Wt.M^.WClg,  the  tetrachloride  not  being  known  in  tbe 
Be  par  ate  state, 

Tbe  Itromtiiri  of  tungsten  are  analogous  to  the  chlorides,  — ^The  h^^xjluoridf^ 
WFg,  is  obtained  by  evaporating  a  Bolutiou  of  lungntlc  acid  in  bydrofiuorio 
ftoid, 

0x1  n vs.  — Tungsten  forms  three  oxides,  WO.^,  WO,,  and  W^O^,  neither  of 
which  exhibits  bufJic  properties,  ho  that  there  are  no  tungsten  s«lts  in  whieh 
Uie  metal  replaces  tlie  hydrogen  of  an  acid,  or  taken  V\\e  c\e<LUft-\*vi^\vv«^ 
MNirtv     Tbe  trioxide  exhihrfs  decided   acid   lendeiie\es,  \\\u\Vtt^  vj\\\i  \ift.%\Ci 
^metsllie   oxides,  Mfid  forming  crji^tiillixiiblG  sa\t»  ca\\etV   tungntald.    '^V^ 
peatoxide  m^jr  be  regarded  aa  a  compound  of  the  otViet  t^o.  i 
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The  difixidf^  or  Tunrfstout  uxiJe,  WO,,  i»  most  eauily  prepared 
tungstic  oxide  to  LiyiirogtjD,  at  a  tvmperttlure  not  exceoding    I 

It  h  a  Urowu  powder,  ^ouietiiiies  ttssuuiing  acrjstalUne  uppetti,,..-. ..;^ 

iiiipertect  metallic  histru.  It  tdkc^fire  when  hciiied  in  the  tk\t%  aiid  baniM, 
like  the  metal  iLself,  to  tungstic  oxide.  It  foroia  »  definite  compound  wttJii 
Boda. 

The  trwTtde^  or  Tunffstic  oridtt  WO,,  is  most  easily  prepared  (Vom  nslive 
calcium  tungstate  tiy  digestion  in  nitric  or  hydrochloric  aeid,  ttic  soluble 
calcium^ftalt  thereby  prudticcd  being  vva««h«d  out  with  waler^  and  the  re- 
Tuaining  tungstiL'!  acid  ignited.  From  wollram  it  may  be  prepansl  bj 
rcperttcdly  digesting  the  niineral  in  strong  hydrochloric  acid»  nltiniaTcly 
with  addition  of  a  i  it  tie  nitric  acid,  to  diseolre  out  the  iron  and  muDga* 
tieaa;  disi^oUiiig  the  remaining  fungstie  acid  in  aqueous  ammonia;  eva|H>- 
rattng  to  dryness  ;  and  heating  the  residual  nmnjoniuni  tungMnte  in  coo- 
tact  with  the  air.  Ttingstic  oxide  is  a  yellfjw  powder  insoluble  in  water, 
and  in  most  acids,  but  solithic  in  alkalies.  The  hot  solulion»  of  the  residt- 
inp  JilkaHne  tuiig««tate,  when  neutralised  with  an  acid,  yield  a  yellow  pre- 
cipitate of  fuiujnfte  mofifjht/rfratf  or  ninijfiic  arid,  WO^Hj,  or  WO,.  Oll^  Cokl 
dilute  solutions,  on  the  other  band,  yield  with  acids  a  white  precipiiAi«, 
consisting  of  ttinffntic  dihydnjtf  or  hydmtfd  tungvtic  acid,  W0j»20Hj»  or 
WO^lIj.OHj,     Tungstic  acid  reddens  litmus  and  dissolves  easily  in  alkaliiu 

Timgatates, — Tnngatio  acid  unites  with  buses  in  variouf,  and  often  in 
Tcry  unusual  proportions.  U  is  capable  of  existing  also  in  Iwo  ii»omerie 
modifications,  vix  :  L  Ordinarj/  (uutj^tic  atid,  which  is  insoluble  in  water, 
and  fomig  insoluble  galls  with  all  metals,  except  the  alkali -metals  and  tnog- 
ne?ium ;  2,  5hta(un^f8fic  and^  which  is  soluble  in  water,  and  forma  soluble 
salts  with  nerirly  all  metals.  Ordinary  tungstic  acid  forms  normal  saltt 
containing  WO^M,  or  WOj.  M/*,  and  acid  gaits  containing  7WO,,3M^>» 
which  nifiy  perhaps  be  regarded  as  double  tialts*  composed  of  diaeid  and 
triiicid  lungstfttea,  that  is*  «»  2(2Wi\.  MjO)  +  3W0,- M,0,  The  luag* 
elates  of  polasstium  and  sodium,  especially  the  latter,  are  sometime!^  naoil 
as  mordants  in  dyeing,  in  jdaco  of  Btaniiatcs ;  aleo  for  rendering  muiilla 
ami  olhi»r  light  fnhries  uiiinttcimmalde*  Tungstous  tungstate,  WOj ,  WO^ 
which  has  the  composition  of  Wfu/sfen  pmtoxidt^  ^-f^v  '*  *  blue  »ub- 
stance  proiliiecd  l>y  reducing  tungstic  oxide  or  tungstic  acitf  with  tine 
and  hydrochloric  acid ;  also  by  heating  ammonium  tungatate  to  redness  in 
a  retort* 

MeUUun^itaU*,  —  These  salts,  which  baTc  the  compofsltion  of  quadaetd 
tungstatfs,  4W0j,*Mj(X  are  formed  from  ordinary  tungslatca  by  addition 
of  tungstic  acirl,  or  by  removiug  part  of  the  base  by  mcana  of  an  acid. 
They  are  for  (he  mo^^t  part  soluble  and  crystallizable.  By  decompofia^ 
biirium  metatungstate  with  dilute  sulphuric  acid^  and  evaporating  tbt 
filtrate  in  a  vac*uiim,  liydnited  metaiungstic  acid  is  obtained  in  quarlraiie 
octohcdrona  apparently  conlainiug  4\V0|.  OIlj-^  31  aq* ;  it  i»  very  soluble 
in  water. 

Stlirotungttfite^,*  —  By  boiling  gelatinous  silioa  with  acid  potassium  lunf^- 
tate«  a  cry^tolline  salt,  is  oljiuiiieil,  having  tlie  composition  of  a  diaeid  poias- 
ainm  tungstate,  t;(L^W(>,.  K^O^,  or  12WUj,  K^U^,  in  which  one  third  of  ihc 
pota^.Hium  is  replaced  by  Milicium,  viz.,  t'JWtl^.  KgSi^*Og,  40  that  tlio  siliciuin 
here  enters  as  a  baiit/hujt  clement.  The  re><iiUing  dolution  yields  with  mer- 
ourtum  nitrate  a  preci[>iiate  of  merettroit*  nditutmi'j'tifte ;  ttiit*,  when  deeom- 
poscd  by  an  equivalent  quantity  of  hydrochloric  acid,  yield?*  a  aolntion  of 
htfdroyrn  wilirftUniffHutr  or  ifltt'ofnn(/tttk  iifid :  timl  the  other  ii«iticotungsiiite»» 
which  are  all  soluble,  an*  obtuint^d  by  treating  the  acid  with  carbonates. 

JSiikodacitunjaltc  uctd,  lUWO^.  ll^Hi'^Og,  is  obtained  as  an  ammotiitim^salt 

♦  MaHpmc,  Ann.  CUlm,  Phjt.  ^4^  Ui.  &  ;  \J»!tv»«\sM:Siowai 
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hj  botling  gelatinous  silicA  with  solution  of  noiil  eLmaioniuni  tungsiaie;  and 
from  this,  the  iicid  and  itB  other  aaltst  may  be  obtained  in  ihe  sume  manner 
tkB  the  preceding.  TLe  silicQiLlecitungatatus  are  very  un:iiabk%  an<l  lUe  mid 
is  decompu^od  by  mere  evuportttiuii,  dt-posiling  silica^  und  being  eimvtMled 
into  twitfito-Mcic  acifl,  which  is  isomeric  wilh  sihcijiimgiitic  acid,  jttid  like- 
wise decomposes  carbotiates.  All  three  of  these  aeidi*  are  cupable  of  ex- 
changing either  one-hallT  or  the  whole  of  I  heir  busnie  hydrogen  tor  metala, 
thereby  forming  acid  and  neulral  siilia;  ailieolnngsiie  aeid  ulso  lorma  un 
acid  sodtum-Balt  in  which  only  one-lourth  of  the  hydrogen  is  repl%ut)d  bjf 
sodinm. 

^^k  Tc508TE?f  SrLPHiois.^Thc  disufphide^  or  Tuntfittott^  sutphidt,  WSj»  in  ob- 
^Hftincd  in  son  black  needle-shaped  crytilaLd  by  igniting  tungsten^  ur  one  of 
^^■Ib  oxides,  with  sulphur. 

^^^  The  trUulftktdt^  or  Tungntic  sulphide,  W8j|,  ia  formed  by  ilisBolvrng  ltjng?tio 
^^»cid  in  ammonium  siijiphide,  and  precipitating  wi(b  nu  acid,  or  by  adding 
hydrochloric  acid  to  the  solution  of  an  alkfiliuc  lungstale  suturuied  wilh 
'  Jkydrogen  sulphirle.  It  is  a  Hpht-brovvn  precipitnte.  turiung  hUuk  wlten  dry. 
^H  uniles  e&»ity  Willi  bn«<ic  [ueiullic  sulpliides^  forming  the  mlpkffiun^Mlatca^ 
wBJA^  aiialogousi  to  tiie  uurmuL  tungsiatefl. 


t  RtaHibm9  of  Titnff»(m  compounds.  ^EoXiMe  tungBtAteB*  or  metatiingstaloSf 

ereiitiirgted  with  sulphuric,  hydrochloric.  phtij*phoric,  oxalic,  or  ucetia 

Did,  yield,  on  the  introiluclion  iif  a  piece  of  z'-nc^  a   beautifyl    bltie   c<dor, 

rising  from  the  formal  ion  of  bhie  tungsten  oxide.     A  soluble  tung^tate, 

lllxed  with  nmmonium  tutphidi\  and  then  with  excels  of  acid,  yieldH  u  light- 

rnwn   precipitafe  of   tiing^tic   sulphide,    soluble   in    ammonium   gttlphide. 

ff/dro<frn  eu/phtde  does  not  precipitate  the  acidulated  t^tdution  of  a  tungstate, 

lit  turns  it  blue,  owing  to  the  fortualion  of  the  blue  oxide.    Ordinary  lung* 

ales  give  with  pofa^sium  fcrroa/anide,  after  addition  of  hydrochloric  acid, 

> brown  flocculent  precipitate,  soluble  in  pure  water  free  from  acid;  metii- 

Ungiitates  give  no  precipilnte.     Acids  added  to  solutions  of  ordinary  Iting- 

"fctea,  throw  down  a  white  or  yelloi*'  precipitate  of  lungatic  acid;  with 

atuug^tates  no  precipitate  Lm  obiained. 

All  tungsten   compounds   form   colorless   heads  with   borax   and  phoa- 

horns  salt,  in  the  outer  blowpipe  Hamc.     With  honu^  m  the  inner  flame, 

bey  form  a  yellow  glaas,  if  the  tjuantity  of  tungsten  is  somewhat  consider- 

"ble,  but  colorleas  with   a  smaller  ctuantity.      With  phtmphonu  aatt  in  the 

_  hner  flame  they  form  a  glass  of  a  pure  bhie  color,  unless  metallie  oxides  are 

present,  which  modify  it ;  in  presence   of  iron  the  glass  is  blood-red,  but 

Uie  addition  of  metaliic  tin  rendei'd  it  blue. 


Sitel,f  alloyed  with  a  small  quantity  of  tungsten,  acquires  '^xtraordinsry 
>rdncs9.     Wootx,  or  Indian  steel,  contains  tungsten.     Tungsten  has  ftl.*JO  a 
i^rkable  effect  on  steel  in  increa.><ing  its  power  of  retaining  mapnetism 
hardened.     A  horse-tihoe    magnet   of  ordinary  steel   weighing   two 
is  considered  of  good  f|uality  when  it  bears  seven  times  its  own 
igbt;  but,  according  to  Siemens,  a  similar  luugnet  made  with  steel  con- 
ning tungsten  may  be  made  lo  carry  twenty  times  its  weight  susponded 
vm  the  armature.* 

t  Jouroal  of  tUc  Chctnical  Society,  Jqly,  1M8*    Id  Qexke,  ttA,  W.^.^Sb%^ 
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XOLYBBBVUK. 

Atomic  weight,  92.     Symbol,  Mo. 

This  metal  occurs  in  small  quantity  as  sulphide  and  as  lead  molybditc 
MotulUc  mulybdenum  is  obtained  by  exposing  molybdic  oxide  in  a  charcoal- 
liiu'«l  crucible  to  the  most  intense  heat  that  can  be  obtained.  It  is  a  vkiir, 
briiilv.  and  exceedingly  infusible  metal,  having  a  density  of  8-6,  and  oxid- 
izing, when  heated  in  the  air,  to  molybdic  oxide. 

Chlorides. —  Molybdenum  forms  three  chlorides,  containing  MoCl^  Mo, 
Clg.  and  Mi)!'!^.  The  tttrui^hloridt^  or  molybdic  chhnde^  is  obtained  in  dark 
iiuMalliciilly  lu^itrnus  crystals  by  passing  chlorine  in  excess  over  gently  healed 
uiolybdeuum ;  when  heated  in  a  stream  of  hydrogen,  it  is  reduced  to  the 

Mol'l, 
dark  copper-colored  trichloride^   I         .    The  dichhride,  or  moiubdout  chloride. 

MoCl, 
is  idituinoil.  though  not  in  the  pure  state,  by  exposing  the  trichloride  to  a 
nunlcruto  heal  in  an  atmo'^plicre  of  carbon  dioxide,  or  by  heating  metnllie 
iiiolybilouinii  with  culoiiiel.     In  solution  it  is  obtained  by  saturating  hydro- 
elihiric  aciil  wiih  nmlybdous  hydrate. 

The  hromid'i  of  ini>Ivbdoi)um  correspond  in  composition  to  the  chlorides; 
there  is  also  an  oxybromide  containing  Mo'*Br,0,. 

FLr4)itii>Es. —  Molybilenuni  forms  three  fluorides,  MoF,,  M0F4.  MoFg. 
which  are  iibt allied  by  dissnlving  the  corresponding  oxides  in  hydrufliioric 
acid.  The  hfxjhioiidt'  is  not  kiiDwn  in  the  free  state,  but  only  iu  combina- 
tion with  basic  nu'tallic  tluoriiles  and  niolybdatcs;  thus  there  is  a  po- 
tubsiuin  bah  cuiitainin^   .MoO^K^.  MdFgK,. 

OxTUEs. —  Mnlybdenuin  form?  the  throe  oxidofi,  Mo"0,  Mo''Oj,  nnd 
Mf."(>j.  ])esides  several  oxides  interinedinte  between  the  lust  two,  which 
may  be  n'garded  as  niolybilie  nii»lyb<lates. 

Tiie  jnonn.iidt',  or  M(>h(fult,ux  ojriift\  M<iO,  is  produced  by  bringing  the  di- 
oxide or  irioxide.  in  presence  of  «jne  of  tlie  stronger  acids,  in  contact  with 
Jiny  nf  the  metals  wliicli  ileconijiose  water.  Thus,  when  zinc  is  imniorsed  in 
n  cnncentrated  solution  of  an  alkaline  inolybdate  mixed  with  n  quantity  of 
liydrochl«»ric  aciil  sutticient  t«>  redissolve  tiie  preeijiitate  first  thrown  down. 
zinc  chl.»ride  and  nudybdous  <'hlori<le  are  formed.  The  dark-colored  solu- 
tion thus  obtained  is  niixe<l  with  a  large  quantity  of  caustic  potash,  which 
l»reci|iitates  a  black  hydrateil  nn>lybdous  oxide,  and  retains  the  zinc  oxiile 
in  solution.  The  freshly  precipitated  hydrate  is  soluble  in  acids  and  ani- 
nioniuni  carbonate;  when  heated  in  the  air  it  burns  to  dioxide,  but  when 
diieil  in  a  vacuum   it  leaves  the  black  anhydrous  monoxide. 

The  dioriih'.  or  Mnhihdic  orii/f.  MoO.^.  is  obtained  iu  the  anhydrous  state  by 
boating  soilium  niolybdato  with  sal-annnoniac.  the  molybdic  trioxide  being 
reduceil  to  dioxide  by  the  hydrogen  of  tiie  ammoniacal  salt ;  or.  in  the  hy- 
drated  state,  by  digesting  metallic  co]>]>or  in  a  solutii>u  of  m(dybdic  aoid  in 
hydrochloric  aeiil,  until  the  liquiil  assumes  a  red  c<dor.  and  then  adding  a 
large  excess  of  ammonia.  The  anliyiiroiis  dioxide  is  deep  brown,  and  in- 
H<dnble  in  acids;  the  hydrate  resembles  ferric  iiydrato.  and  dissolves  in 
acids,  yi-.dding  rod  solutions.  It  is  converted  into  molybdic  acid  by  strong 
nitric  acid. 

Triinith.  MoOj. — To  obtain  this  »)xiilo  fconmioiily  called  Mfthflnhc  arid), 
liai'ive  7i/olybdonnm  sulphide  is  roust «'il.  ut  a  red  heat,  in  an  open  vessel, 
ami  tho  inijmro  inolybtlic  trioxide  tUeuee  Tev^\\\\\nv;  \*  vVv^^^CVnv^  v\\vw\vvvv\vi\v\^. 
The  mtcrvd  solxxtiou  ia  evaporated  lo  dryuea*,  «.Ti*i  v\x^  *a^v-  'v>^  ^^'^^'^^^^  >^^^^1 
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Irater,  and  purified  by  CFystalliitttion.  It  is,  la&tlj,  decomposed  by  heat, 
and  tbc  uuiiuoniii  expelled.  The  trioxlde  may  also  be  prepared  by  decom- 
posing milive  lead  molybdale  witli  Fiilpbunc  neid.  ll  Is  u  white  eryst&Uiiie 
powder,  fusible  at  a  red  lieut,  and  slightly  soluble  in  wiitiT.  The  t<oUition 
contains  molt/fjtiit  aeid ^  but  this  acid,  ar  hydriitc*  ia  nut  knuwn  in  the  i?olid 
iitale.  The  (rioxide  ia  easily  di»t<olved  by  alkalies,  aud  torms  two  aeries  of 
£al(9.  v\t.*  nonnal  or  nrutral  moitfbdatr*^  ^\<}i}^ii.^,  or  JI0O3.  11,/),  and  anhydro- 
molt/ftJate^  or  bunolyhdaUM,  MolliK,.  MoOj^  or  lIMoOj.  H/),  th*?  Fjiubol  K  <le* 
jiohng  a  univalent  laetaL  The  iitfUtriLl  molybdales  of  the  ulkali-metab  are 
va:-il_V  sobibk*  in  water,  arid  ihijir  aolutioua  yield,  with  ihe  stronger  uc)d»^  a 
]>reei|iitatt;  either  of  a  leaH  Bolyble  biukolybdate,  or  of  the  nrtlivdroim  tri- 
oxide.  The  olber  niolybdatee*  are  inBolubli\  and  are  yhtaitied  by  precipita- 
tion. Lttid  molybdatf,  Wo^I'l),  occtira  natiTe  in  yellow  (luadratte  plates  and 
ootohedrous. 

St'LPifiOKH.  —  Molybdenum  forms  throe  sulpbides,  MoSj,  ^fcu^a*  *"*'*  MoS^, 
the  last  two  of  which  are  i*t:id  wulphidey*  forming  snlphur-saltH.  Thv  di- 
gulphide^  liT Mult/bdic Mid/diidt\  Mo8j,  ocL^nrs  native,  as  moh/ffd^rntr^  in  cryslaMo- 
lamitinr  iiuisseH,  or  tabular  crystals,  liaving  a  strong  metallic  lunlre  and 
lead-gray  color,  and  forming  a  gray  streak  on  pnper  like  phirnbago.  The 
same  compound  is  prodriced  artifiuiully  hy  heating  either  of  thv  higher 
eulphidest  or  by  igniting  the  trioxide  with  sulphur.  When  roaisied  in  eon- 
Ukct  with  the  air«  it  i»  converted  into  trioxtde. 

The  intutphidi^  Mo*Sj,  commonly  called  iuiphomoftfldtc  odd^  ia  obtained  by 
passing  hydrogen  sulphide  in;o  a  concentrated  solution  nf  an  alkaline  mo- 
lybd:ite»  and  prectpitniing  with  an  aeid.  It  1*  a  bbick-brown  powder, 
which  iH  dissolved  slowly  hy  alkaUe^^,  more  easily  hy  nlknline  i^ulphiricii  and 
siilph-hydratcfl,  forming  8ulplinr-i«al(F  called  9fitphomolyhda(rx.  Mo?t  of 
ftierie  salti<  bavo  the  composition  MoS^R^,  or  Moi^j.  FtJS.  analogous  to  Ihat 
of  the  tnolybilutcs.  The  sttlphu-molybdates  of  the  alkali-metab^,  alkultne 
earth-tuetab,  and  magnesium,  arc  soluble  in  water,  forming  solutiuii^  of  a 
fine  red  coU>r ;   the  rest  are  inaoluhle. 

Tftrajtutjdudf^  MoS^.  —  This  is  ali^o  an  acid  sulphide,  forming  brMb  called 
pfnulphomffljfbflatt::!,  (he  general  fornnda  of  which  is  Moi^^R^.  or  Mo.S^.  KjH. 
The  ftotaJiAinmunlt  is  obtninod  hy  boiling  the  sulphotrioUhdute  with  loolyb- 
dcnum  trisiilphldc,  washing  the  rcf«ulting  prccipilnie  (ill  the  \va»^h' water 
gives  a  red  tloceulent  precipitate  with  hvdrochloric  acid,  and  ihi'n  iligeal- 
ing  the  residue  with  rold  wafer,  whicb  disiiolves  out  potassium  pori<iilpho- 
mo1yb<lu(e,  and  leaveii  the  disulphide*  The  soluliun  of  this  potassium  salt, 
irenled  with  hydrochloric  acid,  yifhls  a  dark-red  precipitate  of  molybdeuiim 
t«trasulphid6,  which  disaoWej$  iu  alkalies* 


L 


Molybdenum  in  solution  is  charaeteriicd  as  follows: 

M'thfhdfttiji  ff<il(»,  obtained  by  diw^Kdving  moljibduus  oxide  in  acids,  are 
Opaque  aud  almost  block.  Tliey  yield,  with  htfdrogen  sulphide^  a  biuwn- 
lilack  precipitate  soluble  in  ammuniuni  sulpi'nde ;  with  nUaliciK  uud  uthttme 
earhufuttfjf,  a  brownii<h-blttck  precipitate  of  molybdous  hydrate,  easily  soluble 
in  acid  pota^i^sium  enrbonate,  or  tn  ammonium  curhouate :  with  pohugium 
Jerroct/Fitnide^  a  dark -brown  precipitaU;  with  todium  phoitphatt^  a  white  pre- 
cipitate 

Solutions  of  mohjhdic  xaifa  have  a  red  dish -brown  color.     When  heated  in 
the  air,  they  hare  a  tendency  lo  become  blue  hy  oxidation.     In  contact 
tvith  meiallic  /iW,  they  first  bbicken  und  then  yield  n  black  \i.r€Le.\>^\Vtt\«i  <iil 
intilybtlous  hydrate.      Their  reactions  with  ulkalit*^  Kj^drogm  a\i\pUid*;,  Itici., 
»re  !^iai}Jar  to  tbitse  of  molj  bdouti  salts  j  but  tlni  prftc\y^\ltj\iitt  ^.tft  \vi^V<tt  \\k 
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Molyhdate9  are  colorless  unless  they  contain  a  colored  Imae.  Solntioiia  cf 
the  alkaline  molybdates  yield  with  aeiih  a  precipitate  of  moljbdic  triozide^ 
soluble  in  excess  of  the  precipitant.  They  are  colored  yellow  by  kyJngm 
tuiphide,  from  formation  of  a  sulphomolybdate  of  the  alkali-metal^  and  then 
yield  with  acids  a  brown  precipitate  of  molybdenum  trisulphide.  This  is 
an  extremely  delicate  test  for  molybdic  acid.  They  form  white  precipitatca 
with  the  salts  of  the  earth-metaU,  and  precipitates  of  rarious  colon  with 
salts  of  the  heavy  metalt;  e. y,,  white  with  lead  and  ailrer  salts;  yellow 
with  ferric  salts;  and  yellowish-white  with  mercurous  salts.  When  wik^ 
phoitphorie  acid,  or  a  liquid  containing  it,  is  added  to  the  solution  of  ammo* 
uium  niolybdate,  together  with  an  excess  of  hydrochloric  acid,  the  liquid 
turns  yellow,  and  after  a  while  deposits  a  yellow  precipitate  of  molybdic 
trioxide,  conibiuod  with  small  quantities  of  phosphoric  acid  and  ammonia. 
Thin  precipitate  is  soluble  in  ammonia  and  likewise  in  excess  of  the  phos- 
phate. The  reaction  is  therefore  especially  adapted  for  the  detection  of 
small  quantities  of  phosphoric  ncid.  The  pyrophosphates  and  metaphoa- 
pliates  do  not  produce  the  yellow  precipitate.  Artenk  acid  gives  a  similar 
reaction. 

All  the  oxides  of  molybdenum  form,  with  iorcnr,  in  the  outer  blowpipe 
flame,  a  bead  which  is  yellow  while  hot,  and  colorless  on  cooling;  in  the 
inner  flame,  a  dark  brown  bead,  which  is  opaque  if  excess  of  molybdenum 
is  present.  By  long-continued  heating,  the  molybdic  oxide  may  be  sepa- 
rated in  dark  brown  flakes,  floating  in  the  clear  yellow  glass.  With  jiAo#- 
phonii  tail  in  the  outer  flume,  all  oxides  of  molybdenum  give  a  bead  which 
in  greeninh  while  hot,  and  eolorloits  on  cooling:  in  the  inner  flame  a  clear 
green  bead,  from  which  molybdic  oxide  Cftimot  be  aeparated  by  continued 
heating. 


PART   IIL 

OKGAiS^IC  CHEMISTRY. 


INTRODUCTION. 


THE  ferm  **Orgftnic  Chemistry"  originally  eletioted  the  chemistry  of 
compounds  formed  in  ibo  bodies  i>f  plunla  aud  auimiila.  The  peiruliar 
cbftnietors  of  the  cornpouods  thus  formed,  and  the  fuilyrc  of  the  cui'licr 
BttemptD  to  produce  th*jm  by  artificial  meanH,  lud  to  iht'  erront-ous  idea  ihiit 
their  formalion  wna  due  lo  n  uiy»teriuLi.s  power  enllcd  *' vital  ibrct',"  sup- 
posed to  rt^yido  in  tbo  living  organism,  and  to  govern  ull  the  obni»^o8  jmd 
proceaaea  taking  place  within  it.  In  accordanco  with  Ihiw  idesi,  the  chem- 
iatry  of  organic  compounds,  includinp:  those  whitdi  wore  formed  by  arllhcinl 
processes  from  iho  proilnets  of  vogetiible  liinl  aniiuul  life,  was  ereelcd  into 
ft  9pecittl  branch  of  chemical  Bcicnco, 

Luter  rescarcht*p  hnve,  ho^vevcr,  shown  that  a  large  number  of  compounds, 
formerly  regarded  as  producible  only  under  tbu  influence  of  (he  j?OH^jillett 
Tlial  force,  may  be  forrwed  either  by  direct  couubiimiion  of  their  olcmentB^ 
or  by  chemical  transfornitttion  of  inorganic  conipotinds. 

The  first  s^tep  in  the  fornmtiori  of  organic  conipoutida  from  thpir  elemnnt« 
waa  made  by  Wiihlcr,  who  showed,  in  1B28,  ihnt  urea»  the  ehiiract eristic 
constituent  of  uriae,  cnn  be  prodticed  by  molecular  transformsition  of  am- 
monium cyanate.  This  experiment,  viewed  in  connocMon  with  the  fact 
estabtisbcd  about  twelve  ycjirs  afterwards,  that  cyaufigen  (t.'N)  can  bo 
formed  by  direct  com  bin  at  ton  of  its  elements,  ia  concliii^ive  of  the  pos- 
iibility  of  forming  a  product  of  the  living  organism  from  inorgaidc  mate- 
rials. More  rceeatTy  it  lias  been  shown  that  ediine,  or  acetylene,  C^ll^ 
can  be  produced  by  the  direct  combiualiou  of  carbon  and  hydrogen;  (hat 
this  compound  can  be  made  to  lake  up  two  adrlitional  atoms  of  hydrogen 
to  form  ethenc,  C^II^-  and  ihnt  this  hitter  cotnpournl  can  be  converted  into 
mlcohol,  CyllsO,  a  body  formerly  supposed    to   be  producible   only   by  the 

! fermentation  of  sugar;  and  from  thiji  a  large  number  of  other  compounds 
can  be  produce*!  by  the  action  of  various  reagents.  The  researches  of 
Berthelot,  Kolbe,  Wiirti,  and  otbor  distinguished  chemiala  have  led  to  the 
discovery  of  a  large  number  of  other  cases  of  the  formation  of  organic 
com  pounds,  often  of  groat  complexity,  from  e$ybstanccs  of  purely  mineral 
origin,  and  ultimately  from  the  elements  tbemftclves.  The  division  of  com- 
pounds into  two  distinet  brarichcH,  inorganic  and  organic  —  formed  accord- 
ing to  distinct  laws,  the  former  being  artilicially  producible  by  direct  coth- 
biuation  of  their  eleinenlH,  the  latter  only  under  the  iutltience  of  a  sup- 
posed vital  force  —  must  therefore  bo  abandoned-  There  is»  indeed,  but 
one  science  of  chemistry,  of  which  the  study  of  the  compounds  called  or- 
ganic forms  a  part. 
Organic  chemistry  is  in  fact  the  chemistry  of  cat\jow-eftm\»^\\w*\%,  ^^w^V/v^ 
'  a  fitrictJy  yj\^romntw  arrangement .  Ibese  compound*  »\vmv\v\  \i*;  ^\t1^<lT\^wv\^>^^ 

^^  connect  ion  witb  the  elemani  carbon  itself.     Bi\l  vU«j  com^ouu4a  \wVo  -^XjA^iV 
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cnrbon  enters  arc  90  numerous,  their  constitation  and  the  transfomuitiou 
which  they  undergo  under  the  influence  of  heat  and  of  chemical  reagenia, 
are.  in  many  indtuncetf,  »o  eomplicated,  that  it  is  found  beat,  for  the  pnr- 
po.>fe!}  of  iuift ruction,  to  defer  their  consideration  till  the  other  elemeata 
anii  their  compounds  have  been  studied. 

It  !:«  im|ioriiiut,  in  this  place,  to  mark  the  .distinction  between  oryraie 
compounth  and  ort/anutd  bodui.  Organic  bodies,  such  as  marah  gaa,  etheiie, 
benzene,  alcohol,  sugar,  morphine,  &c.,  are  definite  chemical  compoonds, 
many  of  wliicli.  as  alrea<ly  observed,  may  be  formed  by  artificial  methods; 
those  which  are  solid  can.  for  the  most  part,  be  crystallised;  those  which 
are  liquid  exhibit  constant  boiling  points.  Organised  bodies,  on  the  con- 
trary, always  consist  of  mixtures  of  several  definite  compounds.  They 
never  crystallize,  but  exhibit  a  fibrous  or  cellular  structure,  and  cannot  be 
reduced  to  the  liquid  or  gaseous  state  without  complete  decomposition. 
l^astly.  tlioy  are  organs,  or  parts  of  organs,  which  are  essentially  products 
of  vitality,  and  there  is  not  the  slightest  prospect  of  their  erer  being  pro- 
duccil  by  artificial  moans. 

Tiie  study  of  the  composition  and  chemical  relations  of  organiied  bodies 
belongs  to  a  special  department  of  the  science  called  **  Physiological  Chem- 
istry," which  bears  the  same  relation  to  Organic  Chemistry  that  Chemical 
Geology  bears  to  Mineralogy. 


THE  ELEMENTARY  OR  ULTIMATE  ANALYSIS  OF  ORGANIC 
COMPOUNDS. 

Organic  compounds  contain,  for  the  most  part,  only  a  small  number  of 
elements.  Many  consist  only  of  carbon  and  hydrogen.  A  very  large  num- 
ber, including  most  of  those  which  occur  ready  formed  in  the  bodies  of 
plants  ami  animals,  consist  of  carbon,  hydrogen,  and  oxygen;  others  con- 
sist of  carbon,  hydrogen,  and  nitrogen.  Others,  again,  including  most  of 
the  proximate  principles  of  the  animal  organism,  consist  of  four  elements, 
carbon,  hydrogen,  oxygen,  and  nitrogen.  Some  contain  sulphur,  phos- 
phorus, chlorine,  and  nictallic  elements;  in  fact,  artificially  prepared  car- 
bon compoun«ls  may  contain  any  elements  whatever.  Moreover,  eren  those 
which  contain  only  a  small  number  of  elements  often  exhibit  great  com- 
plexity of  structure,  in  consequence  of  the  accumulation  of  a  large  num- 
ber of  carbon-atoms  in  the  same  molecule. 

JJetermintttion  of  Carbon  and  Ibjdrogtn, — The  quantities  of  these  ele- 
ments are  determined  by  burning  a  known  weight  of  the  body  to  be  examined, 
in  sucli  a  manner  as  to  convert  the  whole  of  the  carbon  into  carbon  dioxide, 
and  the  whole  of  the  hydrogen  into  water.  These  products  are  collected 
and  their  weights  determined,  and  from  the  data  thus  obtained  the  quanti- 
ties of  carbon  and  hydrogen  present  in  the  organic  substance  are  calcu- 
lated. When  nitrogen,  sulphur,  phosphorus,  chlorine.  &c.,  arc  present, 
special  and  separate  means  are  resorted  to  for  their  estimation. 

The  method  to  be  described  for  the  determination  of  the  carbon  and 
hydrogen  owes  its  convenience  and  efficiency  to  the  imjjrovements  of  Pro- 
fessor Liebig ;  it  has  superseded  all  other  processes,  and  is  now  invariably 
employed  in  inquiries  of  the  kind.  With  proper  care,  the  results  obtained 
arc  wonderfully  correct  ;  and  equal,  if  not  surpass,  in  precision  those  of 
the  best  mineral  analysis.  The  principle  upon  which  the  whole  depends  is 
the  following :  When  an  organic  subataivce  is  heated  with  the  oxides  of 
copper,  load,  and  several  other  metoVs,  it  unOLcT^t*  ^iqiov^^^^  <iW!s\i\«jC\<si^ 
At  tho  expense  of  the  oxygcp  "'  iU©  oxide,  vYie  meX^  \i«wi^  ^v.  V2«ift  ^wa^ 
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(im©  riKluceil  either  completely,  or  to  a  lower  state,  of  oxidation.  Tbia 
effect  tftkca  place  with  tlio  greatest  ease  im<l  eertumty  Hirli  cupric  oxitlo 
Cbliick  uxide  of  copper),  whicli^  aliliuugh  unctiangeU  by  heiiL  aKine»  givea 
up  oxygen  to  combuatible  matter  wiili  extreme  fuciUty.  Wlien  nothing  but 
cjiirbon  and  tiydrogeti,  or  tlioae  bodicH  togeiber  witli  oxygen,  are  prcnent^ 
one  experimeni  sulBce»;  (he  carbon  and  liydrogon  are  determined  directly^ 
ond  tbc  oxygen  by  difference. 

It  is  of  course  iodigpensablo  tliat  the  siibstan^jc  to  be  analyzed  ahoiild 
po3»€fls  the  physical  eharaeters  of  purity,  otherwise  the  itupiiry  cannot 
lead  to  any  useful  roaiilt  ;  if  in  the  solid  state,  it  muBt  also  be  freed  wilh 
the  most  sorupiiloua  care  from  the  moisture  which  many  suhstanceB  relain 
with  groftt  obtitinaoy.  If  it  will  bear  the  application 
of  it  moderate  heat,  thia    desiccation  is  very  easily  Fig,  I7tf. 

accomplished  by  a  water  or  Rteani  bath  :  in  other 
cascB,  exposure  at  common  teniperatureB  to  the  ab* 
sorbent  powers  of  a  large  surface  <)f  oil  of  vitriol  in 
the  yacuuin  of  an  air-pump  must  be  eubiitiiuteiJt. 

The  operation   of    weigliing  the  dried   powder  is 
conducted  in  a  narrow  open  tube,  about  2J  or3  inches 

^        long;   the  tube  and  subfatiinee  are  weighed  together^ 

I        and,  when  the  latter  haa  been  removed,  the  lube  with 

I       any    liiile   adherent     matter    is    re- weighed.      This 

I        woiglit,  subtracted  from  the  former,  gives  the  weight 

I        of    the  subfltance  employed  in  tbc  experiment.     As 

only  half  a  gram  (5  or  G  grains)  is  used,  Ihe  weigbings  fthouH  noiinTolTe  a 
greater  error  than  a  milligratn  (or  ^^  part  of  a  grain). 

The  copper  oxide  ia  best  made  from  ilie  nitrate  by  complete  igiiition  in 
an  earthen  crucible;  it  is  reduced  lo  powder  and  re-heated  jtist  before  use, 
to  expel  hygroj*copic  moisture,  which  it  absorbs,  even  while  warm,  with 
avidity.  The  cooibuf^tion  is  performed  in  a  tube  of  hard  white  Bohemian 
gl}i3$s,  having  a  diamelor  of  0  1  or  O-^'i  inch,  and  in  length  varying  frunj  14 
to  It*  inches;  this  kind  of  glass  bears  a  moderate  ret]  heat  without  bvcom- 
iag  aoft  enotigh  to  lose  its  shape*     One  end  of  the  tube  is  drawn  out  to  a 

Fiff.  177. 
0()|){i«r  oxiile.  Mix  tare.  Copper  oxJdo. 


J I 


\ 


point,  as  shown  in  fig.  177,  and  closed^  the  other  is  simply  heated  to  ftiae 
and  soften  the  pburp  edge**  of  the  glass.  The  tube  is  now  two-thirds  filled 
with  the  yet  warm  c<ipper  oxide,  nearly  the  whole  of  which  is  tran»ferred  to 
a  small  porcelain  or  Wedgwood  mortar,  and  very  intimately  mixed  with  the 
organic  substance.  Tlio  mixture  is  next  tran'*ferred  to  the  tube,  and  the 
mortar  rinseil  with  a  little  fresh  and  hot  oxide,  which  is  added  to  the  rest; 
the  lube  !■*,  lastly,  filled  to  within  an  inch  nf  the  open  end  with  oxide  from 
the  crucible.  A  few  gentle  laps  on  the  table  suffice  to  sihake  together  the 
contents,  so  as  to  leave  a  free  pa!<s»ge  for  the  evolved  ganes  from  end  to 
end.  The  arrangement  of  the  mixture  and  oztde  in  the  lube  is  represented 
in  6g.  17 1. 

The  tube  is  then  ready  to  he  placed  in  the  furnace  or  chauffer:  this  is 
constrncted  of  thin  sh<*eV  iron,  and  is  furnished  with  a  series  of  supports 
af  equal  heigtit,  which  tterve  i^^  prevent  flexure  in  the  comViw^VwuAvvfe*  >«>^«^ 
sorii^nerl  bv  heat.      The  ahnnffvr  is  placetl  upon  ftal  \iv\e\*  ot  «t  Y^ftft*  «il 
^otte,  i»r»  thnt  fttjf  Hi  tie  ai>  c«n  enter  the  grating,  utiUss  V\vg  viYi?>\«i  >a«  Y*^^"       J 
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pmielj  raised.     A  slight  iDoUniilion  is  ntso  gfvvtt  iownrd*  lb#  eiinailf^ 
occiipifii  hjr  (he  nioutb  of  the  ccunbustion-tobe,  vlileli  jimm*  tlimigk  i 
bole  proYidctl  for  that  purpose. 


To  collect  the  water  produced  In  the  experiro<»ut.  *  smaJ]  light  tube  »f  tkJ 
form   rt»prt'»eii(iMl   in    tig.    1TI»»  'filled   with    ffftyrment*   of  ^potify  etkmul 
chloritle.  i»  nilaclied  bj  a  pctforaled  eorkt  lli<«rotigh]y   drJi»d,  to  iKi*  ^-^ftrn] 
extremity  of  lh(»  conibii«iJou-lube.     The  carbon  dioxide  is  ab-.    i     ' 
solutioQ  of  caufttic  poiH?th,  of  specific  grnvitv  1  *T,  which  i»  e<u\' 
small  glfifls  appnratiis  on  (he  principle  of  a  Woulfc**  bottl«»,  jhI,*,,,  „  .,.  ^-^^ 
180.     The  ooDuection  between  the  Utter  and  the  calciuni-chlortde  tubeii 

riff.  imL 


F(ff,  179. 


completed  by  a  litdc  (ubi^  of  cnontchouc,  secured  with  idlk  cor*l.  The 
whoU'  19  sbowri  in  fij^.  IHI,  nf^  nrrfiiigcd  for  use.  Bo»h  the  calciiini>chloride 
tube  rtrid  ilio  potaiih  appnraLuei  tire  weighed  with  the  utjnoet  oire  before  the 
experiment. 


Drav^lng  <tf  the  wholi»  )irr»ngrTni*nt. 

The  tighlneftB  of  the  junction*  may  be  ascertained  bj  elighlly  rarefying 
the  included  air  by  trucking  a  few  bubbles  from  the  inlvriur  through  ih* 
lii|iiid,  using  (he  dry  lipa,  or.  beiler,  u  Utile  bent  tube  Htth  a  pertorated 
cork  :  if  the  difference  of  level  in  (be  Ibjuiil  hi  tht*  (wij  limbs  of  the  piiift».b* 
uppurntuji  be  preaerved  for  several  miniiliiM,  the  joints  arc  perfecl.  K««d- 
hn(  charcoal  i»  now  placed  around  tbv  nnlerior  portion  of  (ho  combuHJua- 
lubOf  voiit^iuitig  the  pure  oxidii  wl'  covv***'-*  iitii4^^^*^v\jAft  Wv<t'W^aJi,\W 
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"ire  ia  slowly  extended  towards  lliu  furllicr  extremity  by  shifting  the  mov- 
iibl€  sorefMi  represent eii  in  the  dniwiug,  TUt*  cxperiiueitl  lunsi  be  no  eon- 
duclod  thut  a  uniform  stream  of  cjirLon  dioiidc  ahiiU  coler  the  potuah 
apparaiLi^  by  bubbles  which  muy  he  eastly  counted :  whim  no  nitrogen  is 
preiient,  thes^e  bubltlen  are,  toMiirdM  thetvrminutiou  of  the  cxperiinffntf  {ibnost 
completely  flbaorhed  by  the  alkaline  Uquidt  the  Utile  residue  of  air  alono 
es^cnpiug.  In  the  case  of  an  azotized  bmJy»  on  the  coutrary^  bubbles  of 
nitrogen  gas  pusii  through  the  pota^b-sofution  during  the  whole  process* 

When   the   tube  has   become  completely  heated  from  end  to  end.  und  no 
more  gaji  is  diaeugaged,  but,  on  the  other  hand,  abaorption  begins  be  cvi- 

Fig,  182. 


Crrt,  the  conls  are  removed  from  the  farther  extremity  of  Jhe  eonihimtion- 

jhe»  and  the  point  of  the  latter  broken  off,     A  little  nir  \^  drawn  through 

'ttie  whole  upparatus,  by  which   the  remjiining  carbon  ilioxidc  and  watery 

Tapor  are  secnred      The  paris  are,  lastly,  detached,  and  the  ealcinm-cblor- 

tube  and  potaiib-apparatus  re-weigbed. 

FSg,  183.  FIff.  lU. 


be  mode  of  healing  the  oombustion-tubc  with  red-hot  charcoal  is  the 
original  proceas,  and  sliU  extensively  cmployod,  the  eon»*triiction  of  the  fur- 
nace being  mnat  simple,  and  charcoal  everywhere  accCBBible.  But  since 
the  uae  of  coal-gas  has  been  universally  adopted  in  laboratories,  many  con- 
trivonces  have  been  Bugge^ted,  by  mean.^  of  wh»cli  tbis*  convenient  fuel  may 
be  employed  ttl*o  in  orgtinio  analysis^.  An  apparatus  of  tlii.s  kind*  is  the 
©ne  represented  in  fig,  lH*i,  in  whieh  the  romlinHtion-tube  ia  healed  by  a 
rtei*  of  perforated  clay-burners.     These  clay- buri\QT%  ^tt  tix.fe*\  ciW  Y'\*t% 

Tided  wUh  stopvock'*,  i*n  tlifti  (he  gaa  may  be  \\^V\lc*\  wetotCWw?. U% \N\* 
^turemeats  oftbe  case.    The  slopcooka  being  i^Y^pro^TVaV^sX^  ^A^^wiaX.^^^  v"" 
*  ^^/"utmm,  Jonrual  ot  Cbcmicitl  S<K:k'ty ,  vo^.  xX.  v-  ^- 
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gns  bums  on  the  surface  of  the  burners  with  a  emokeleM  blue  flame,  whieh 
renders  them  in  a  short  time  incandescent.  The  construction  of  this  fur- 
nace is  readily  intelligible  by  a  glance  at  figures  183  and  184,  which  exhibit 
the  difforeni  parts  of  the  apparatus  in  section,  fig.  183  representing  a  Urge 
furnace  with  five  rows,  and  fig.  184  a  smaller  fUmaoe  with  three  rows  of 
clay-burners. 

The  following  account  of  a  real  experiment  will  serve  to  illnstrate  the 
calculation  of  the  results  obtained  in  the  combustion  of  crystallixed  sugar: 

Quantity  of  sugar  employed        ....  4*750  grains. 

Potash  apparatus  weighed  after  experiment  .     781-18 

*»  "         before  experiment      .        773"82 

Carbonic  dioxide    .        •        •        •        7-81 

Calcium-chloride  tube  after  experiment      .        .        220*05 
''  before  experiment       .        .    223-30 

Water 2-76 

7-ni  pr.  carbon  dioxide  =  1'904  gr.  carbon:  and  2-75  gr.  water  =  0-8056 
gr.  hydrogen ;  or  in  100  parts  of  sugar,* 

Carbon 41-98 

Hydrogen 6>48 

Oxygen,  by  difference 61-59 

10000 
When  the  organic  substance  cannot  be  mixed  with  the  copper  oxide  in 
the  manner  described,  the  process  musiit  be  slightly  niodifiod,  to  meet  the 
pnrticiiltir  cnso.  If,  for  example,  a  volatile  liquid  is  to  bo  examined,  it 
is*  tMidoscd  in  a  little  glass  bulb  with  u  narrow  stem,  which  is  weighed  before 
and  aftiT  the  introihiotion  uf  the  li«)uid,  the  point  being  herineticiilly  sealed. 
The  coiiibiistion-tuhe  must  have,  in  this  case,  a  much  greater  length;  and, 
ns  the  oopfxT  oxide  cannot  be  introduced  hut.  it  must  be  ignited  and  cooled 
out  of  contact  with  the  nir,  to  prevent  nbiiorption  of  watery  vapor.  This 
is  most  ci>nv(»niontly  effected  by  transferring  it,  in  a  heated  state,  to  a  large 
platinum  crucible  to  which  a  closely  fitting  cover  can  be  adapted.  When 
quite  cold,  the  cover  is  removed  and  instantly  replaced  by  a  dry  glass  funnel, 
by  the  assistance  of  which  the  oxide  may  be  directly  poured  into  the  com- 
„.    jjj-  bust  ion-tube  with  merely  momentory  exposure  to 

'  the  air.     A  little  oxide  is  put  in,  then  the  bulb, 

with  its  stem  broken  at  a,  a  file-scratch  having  been 
previously  made  -,  and,  lastly,  the  tube  is  filled  with 
the  cold  an<l  dry  copper  oxide.  It  is  arranged  in 
the  chaufi*er,  the  calcium-chloride  tube  and  potash 
apparatus  adjusted,  and  then,  some  six  or  eight 
-^  inches  of  oxide  having  been  heated  to  redness,  the 

liquid  in  the  bulb  is,  by  the  approximation  of  a  hot 
coal,  expelled,  and  slowly  converted  into  vapor, 
which,  in  passing  over  the  hot  oxide,  is  completely 
burned.  The  experiment  is  then  terminated  in  the 
ufual  manner.  Fusible  fatty  substances,  and  vol.i- 
tile  concrete  bodies,  as  camphor,  require  rather  difl^erent  management, 
W'hich  need  not  be  here  described. 

•  The  th«H)ri'licaI  com|nwition  of  iupir,  Ci^TlgOii,  rcwkounl  to  100  portK,  glvw— 

TaHHiii 4i'll 

II\«Ir.ipi«ii r.-43 

U\3K<>u 51 --lO 

lOO^OO 


ANALYSIS   OF   ORGANIC   COMPOUNDS. 


453 


Copper  oxide  wliioli  luis  been  need,  moy  bo  easily  r<!i«tor«?d  by  moifit^ning 
with  tiirric  oeiJ,  und  igniting  to  redness;  it  becomes,  in  tad,  nitlier  im- 
proved ibiiU  other wiai%  tm^  aniirfrccni^nt  employuitniT,  itsdeDsity  is  incrcused 
and  its  iruubk'sonie  bygroseopic  puwcrvdiuiini^bed-  Fur  **iibMinntH'«  wiiich 
are  very  diltituill  of  crtnubii8U«ii,  from  the  Itirge  proporliori  of  cttrboti  lhi.*y 
conluin,  and  1\h'  compounds  inio  which  chlorine  enters  as  a  conMtiiuent, 
fused  and  pawdercd  lend  ebromiate  is  very  advaiitageoniily  subalilnlifd  for 
the  copper  oxide.  Lead  cbromate  freely  gives  up  oxygen  to  combitstible 
mjiLter.^f  uLnd  even  cvolvei),  when  strongly  heated,  n  little  of  thu,t  gu^  which 
thus  ensures  the  perfect  combustion  of  tbe  organic  body. 

Amtit/MiJt  of  Azoiized  Suhsianet*,  — ^The  presence  of  niirogen  in  an  organic 
oompoiind  Js  euBily  asoertttiEied  by  healing  a  t^iniiU  portion  with  sotiil  potu»- 
flium  hydrate  in  a  test*tubis :  the  nitrogt-n,  if  present,  i*»  converted  into 
AmmoniA,  which  mjiy  be  recognized  by  il^  odor  and  alkaline  reaction. 
There  are  Beveral  methods  of  determining  the  proportion  of  nitrogen  in 
aiotlzed  organic  snbs^tances,  the  experimenter  being  guided  in  hia  cboieo 
of  means  by  ihe  nature  ef  the  enbstjinee  and  its  comparative  richness  in 
that  element.  The  carbon  and  hydrogen  are  firt^t  deiermined  in  the  usual 
iTinnner,  a  longer  tnt>e  Ihan  nsnal  b«.Miig  employed,  and  lour  or  five  ineliea 
of  its  anterior  portion  filled  with  copper  turningn,  rendered  perfectly  me- 
tallic by  ignition  in  hydrogen:  this  serves  to  decompose  any  nitrogen  i>xide 
tbat  may  be  formed  in  the  act  of  cambuHtiou.  liiiring  the  experiment, 
eome  idea  of  the  abundance  or  paucity  of  the  nitrogen  may  h^  formed, 
ftomthe  number  of  bubbles  of  incondensable  gas  which  trtiversei^ihe  solu- 
tion nf  pota^h^ 

In  the  case  of  ootupounds  abounding  in  uitrogcui  and  roadily  burned  by 

Fig.  Uflv 


er  oxide,  a  mctbod  maybe  employed,  which  is  very  easy  of  execution  r  this 
Onf^iijts  in  determining  tbe  ratio  borne  by  the  liberated  nitrogen  to    „. 
be  carbon  dioxide  produced  in  the  combiiPtion.   A  lube  of  hard  glasi*,      ^' 
f  Ihe  usual  diameter,  and  about  1^  inches  long,  is  sealed  at  one  end  ;       " 
I  little  of  tbe  organic  subniunce,  mixed  with  copper  oxide,  is  intru- 
liieed,  ami  allowed  to  occupy  about  two  inches  of  the  tube;  about 
«  much  pure  oxide  is  placed  over  it,  and  iben  another  portion  of 
»  similar  mixture;  after  which  Jhc  lube  ia  tilled  up  with  a  second 
*id  birger  portion   of  pure   oxide,  and  a  quantity  of  jjpongy  me- 
fcllic  copper.     A  nbort  bent  lube,  made  movable  by  a  caoutchouo 
tint,  i»  filled  by  a  perfmraled  cork,  and  made  to  dip  into  a  mer- 
xiftl  trough,  while  the  combustion'tube  itself  rests  in  the  chauf- 
-I   IHiJ). 
» is  first  applied  to  the  anterior  part  of  the  tnbe  containing 
h^  metal  and  unmixed   oxide,  and,   when   this  is  red-bot,  to  llio 
_ixtreme  end.     Combustion  of  the  firt^t  portion  of  the  mixture  lakes 
"place,   the  gaseous   producta   sweeping  before   Ibciu  tv<;a.T\^   v\v^ 
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wtiolo  of  Uie  air  of  the  uppartLtu^.  When  no  more  gas  issuea,  tlie  tobf 
IB  slowly  heated  by  half  an  inch  at  a  lituis  iti  the  ti^^uul  mairmer,  and  ftfl. 
the  gas  very  carefully  collvcteii  in  a  graduated  jnr,  until  the  oper»Ua% 
is  at  an  end.  The  Tolume  is  then  read  off,  and  «onie  strong  soluuon  of 
oaustic  potaah  thrown  up  into  the  jnr  by  vl  pipette  with  a  ciirTOtl  extrvoiHy* 
When  the  ubsorptioa  is  complete,  the  residual  Taluuie  yf  nilrogeti  it  ob^ 
served,  and  cotupured  with  that  of  the  mixed  jraae»,  proper  correeLioi 
being  made  for  ditferenoes  of  level  in  the  mercury ;  and  from  these  dsM 
the  exact  prupuriion  borne  by  the  nitrogen  tu  the  carbon  can  be  at  ond 
determined,* 

If  the  proportion  of  nitrogen  be  but  small,  the  error  from  the  nitrogen  xM^ 
(he  residual  oiniospheric  air  becomes  9u  great  as  to  destroy  all  confidenol 
in  the  result  of  the  experiment:  and  the  game  thing  happens  when  iheeiibi 
stance  is  incompletely  burned  by  copper  oxide:  other  mean^  must  then  ' 
employed. 

Tlie  absolute  method  of  determination,  also  known  by  the  name  of  Damarf 
niethod,  may  be  had  recourse  to  when  the  foregoing,  or  tomparativt  mellioti 
fnil*  from  the  first  catise  mentioned:  it  gives  excellent  restiU»,  and  is  ap 
plicable  to  all  azotiied  subfltanees. 

A  lube  of  good  Bohemian  glass,  28  inches  long«  is  securely  sealed  at  01 
end;  into  this  enough  dry  acid  sodium  oarbonote  is  put  to  oecup}-  6  incbe 
A  little  pure  copper  oxide  is  next  introduced,  and  afterwards  the  mixtai 
of  oxide  and  organic  aubatance,  the  weight  of  the  latter,  between  4*5  and  \ 
grains,  in  a  dry  state,  having  been  correctly  determined.  Tho  remaindoj 
of  the  tube,  amounting  to  nearly  one-half  of  its  length,  Is  then  filled  tt| 
with  pure  copper  uiide  and  spongy  metal,  and  a  round  cork,  perforated  bj 


ftpieee  of  narrow  tube,  is  securely  adapted  to  its  mouth.  This  tube  ii 
connected  by  means  nf  u  caoiHuhouc  joint  with  a  bent  deUvcry*tube,  a,  an4 
the  combustion-tube  is  arranged  in  the  furnace.     A  few  coals  are  now  apf 

»  A  mate^niln  of  »rlK>ii  itloztd»  (00i>  coatalniii«  1  *tom  of  carbon  r=  11%  occupl**  ih( 
siim<*  ipjirn  -  —  '  -il*^  for  duiitjlf?  atom)  of  uiir — -  vv^  ''i.H  =  2?ll  If,  th-*^  f  *-  "'m 
Ti«ti»rrrn«  •  '                      j,U*  jiml  nitrupfn  in  tli^  gn-  An?  m  «•  :  1  Jt  foil 

liumbrr  of                           in  Ihc  cnniiKiniiil  U  ti  l  f  iiitn'freDHiHoni*    ^ 

t'«<nM^|UuntU    iMiiL  ill.    vrt^gtll  or  tliQCarlmu  ta  Ihr    r |MHi.i,i  IK  to  I  tint  of  tin*  likJ-'i-r,  M_^   ti 

X  Ii  :  3  <  14.  or  ^  nt :  7,  eo  that  if  I  lie  jM^r*  t'lilni^v  of  e«irl»a  <c)  haa  be«i]  prvvioiuix  lum 
thu  percontago  of  nitrogeu  (m)  will  b^  given  l^j  tbtt  equation  : 


F()r«xMii|>l6,  cafr«lnt*.  which  cnntfttna  47 '48  poT  cent  of  c«rb<&ti,  l«  fannd,  by  the  ] 
devdiUeiU,  lu  jtoJil  carlx?n  diojiidt^  utid  nJlrogi'n  in  tbv  |»ropurtiou  by  volumo  of  4  : 


cMVlSfs  of  nitrogen  la  oaffdne  ii  theTelkyro 
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plier)  to  tVie  farther  end  of  the  tube*,  80  as  to  decompose  n  portion  of  the 
acid  Rodiurn  carboriutc,  tlie  remainder  of  the  carbonate,  as  well  a»  iit  the  ol  Uer 
part  of  the  lube,  being  proteoted  from  the  biiut  hy  a  aereen  ».  The  current 
of  carbon  dioxidci  tbuB  pr(^«luced  le  inieuded  to  expel  all  the  air  from  the 
app»raiii9.  In  order  to  ascertain  that  tiuH  object,  on  which  the  «(ucceii»  of 
the  whole  op«rAtioti  depends,  ia  BccompU^hed,  ihe  deliverj-tiibe  ia  depressed 
under  the  k'tvel  of  a  mercurial  t rough,  and  the  g^i;^,  whicb  is  evoWud,  coK 
leeted  in  a  le»t-iube  tilled  with  concentrated  potash-solution.  If  the  gas 
be  perfectly  absorbed,  or  if,  after  the  introduction  of  a  conFiideniblo 
quimtity,  only  a  minute  bubble  be  left,  the  air  may  he  consitlered  ub  ex- 
pelled. The  next  step  is  to  till  a  graduated  ghiaa  jar  two-thirds  with  mer- 
cury and  one-third  with  a  Htrong  folution  of  potash,  and  to  invert  it  over 
the  delivery-tube,  &,s  represented  in  fig.  188, 

This  done^  fire  is  applied  to  the  tiihe„  commencing  at  the  front  end^,  and 
gradually  proceeding  to  the  closed  extremity,  whicb  t^tili  contains  »onve  un- 
decomposed  acid  sodium  carhcnute.  This,  whin  the  fire  at  length  rciiches 
it,  yields  up  Ciirbon  dioxide,,  which  chaaca  foruard  the  nitrogen  lingering 

1111  the  tube.  The  carbon  dioxide  generated  during  the  conibusiion  is  wholly 
pbsorbed  by  the  potash  in  Ihe  Jar,  and  nothing  is  left  but  the  nitrogen. 
When  the  operation  is  at  an  end,  the  jar,  with  its  contents,  is  trunsferrtd 
m  s  Tease)  of  water,  and  the  volume  of  the  nitrogen  rend  off.  Tkie  is  pro- 
■©rly  corrected  for  temperature,  pressure,  and  tirtueons  vapor,  and  its 
ptight  determined  by  calculation.  When  the  operation  has  been  very  buC'^ 
IbfisfuL,  and  all  precanlions  minutely  observed,  the  result  still  leaves  an 
error  in  excess,  ttmounting  to  0  li  or  0  6  per  cent.»  due  to  the  residual  air 
of  the  apparatus,  or  that  condensed  in  the  poretj  of  the  copper  oxide. 
A  most  elegant  process  for  estimating  nitrogen  in  all  organic  cornpoonda, 
I  except  those  iontaining  the  nitrogen  in  the  form  of  nitrous  acid  or  nitrogen 
t«troxide,  and  in  some  organic  buses,  has  been  put  in  practice  by  Will  and 
Varrentrapp*     When  a  non-nxotiaed  organic  aubstunce  ia  heated  to  redness 

r with  a  large  excess  of  potassium  or  sodium  hydrate,  it  suffers  complete 

^^tad  speedy  cornbu^tron  at  the   expenne  of  the  water  of  ihe  hydrate,  the 

^Hkjgen  ombining  with  the  carbon  of  the  orgiinic  matter  to  form  carbon 

^^%ioxide,  which  U  retained  by  the  alkali,  while  its  hydrogen,  together  with 

that  of  the  eLub!itance.  is  disengaged,  aometimea  in  union  with  a  little  cnrbon. 

The  same  change  happens  when  nitrogen  is  prewent.but  with  this  addition: 

the  whole  of  the  nitrogen  thus  abandoned  combines  with  a  portion  of  the 

liberated  hydrogen  to  form  amuiunia.     It  is  evident,  therefore,  that  if  this 

experiment  be  tnade  on  a  weighed  quantity  nf  inatier,  and  circiitnslvinccs 

,       bUow  the  collection  of  the  whole  of  the  ammonia  thus  produced,  the  pro* 

^^Bortion  of  nitrogen  can  bo  easily  eiileulated. 

^^P  An  intimate  mixture  is   made  of  1  part   caustic  soda  nnd  2  or  3  parts 
^^^nicklime,  by  slaking  lime  of  good  quality  with  the  proper  proportion  of 
strong  caustic  soda,  drying  the  mixture  in  an  iron  vessel^  and  then  heating 
^Jt  to  redness  in  an  earthen  crucible*     The  ignited  mass  is  rubbed  to  powder 
^^B|  a  warm  mortar,  and  carefully  preserved  from  the  air.     The  lime  is  useful 
^^pi  many  ways:    it  diminishes   the   tendency    of  the  alkali  fo  deliquee^ce, 
'       f*ciUtatcs  mixture  with  the  org&nlo  suhstance,  and  prevents  fusion  and 
liqac faction.     A  proper  quantity  of  the  sahstancc  to  be  analyi^ed,  namely, 
from  5  to  10  grains,  is  dried  and  accurately  weighed  out:  this  is  mixed  m 
j       a  warm  porcelain   mortar  with  enough  of  the  soda-lime  to  fill  two-thirds 
'       of  an  ordinary  comhustion-iube,  the  mortar  being  rinsed  with  a  little  more 
of  the  alkaline  mixture,  and,  lastly,   with  a  small  quantity  of  powdered 
glass,  which  completely  removes  everything  adUeriiivi  lo  Xlti  i^t'ttwcni\  >^\%i 
I       tube  is  then  filleti  to  within  an  inch  of  the  open  end  "w\\\\  V\i«i\\TO<a-m\iA^x«^, 
I     mad  nrrAnged  in  the  chAuWer  in  the  usual  tnt«>ner,     T^i<i  Mttmtj\\\Mk  \*  tt^.- 
I     /eeted  in  a  litth  apparaiua  of  three  buVbs  (fig    IH^JV  coi\\ft.\\\\wv:,  luvj^^^TaX^Vj 
ItfXrtiii^  bjrdrochlQric  acid,   attached   by    a  oofk  V^   VVa^^    ii«^mVv^ttVv^TCk-^^=^^- 
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Matters  being  thus  adjusted,  fire  is  applied  to  the  tube,  eommeneiag  wHk 

tlie  anterior  extremity.     When  it  is  ignited  throughout  its  whole  length, 

-.    -g^  and  when  no  gas  issues  from  the  ap- 

'^'  paratus,  the  point  of  the  tube  is bi«- 

^  ken,  and  a  little  air  drawn  ihrongh 

^r      the  whole.     The  acid  liquid  is  thcs 

^  ^r         emptied  into  a  capsule,  the  bulbs 

y — V  Z*"*!  rinsed  into  the  same,  first  with  a 

UsrJ  Cr?gJ  little  alcohol,  and  then  repeated^ 

^^'^^^^^^^^  ^i*^  distilled  water;  an  excess  of 

^1^^^  pure  platinio  chloride  is  added,  and 

the  whole  eraporated  to  dryness  in 

a  watcr-hath.     The  dry  mass,  when  cold,  is  treated  with  a  mixture  of 

alcohol  and  ether,  which  dissolves  out  the  superfluous  platinum  chloride, 

but  leaves  untouched  the  yellow  crystalline  ammonium  platinochloride. 

The  latter  is  collected  upon  a  small  weigiied  filter,  washed  with  the  same 

mixture  of  alcohol  and  ether,  dried  at  100°  G.  (212°  F.),  and  weighed;  100 

puns  correspond  to  G-272  parts  of  nitrogen.     Or,  the  salt  with  its  filter 

may  be  very  carefully  ignited,  the  filter  burned  in  a  platinum  crucible,  and 

the  nitrogen  reckoned  from  the  weight  of  the  spongy  metal,  100  parts  of 

that  substance  corresponding  to  14-18  parts  of  nitrogen.     The  former  plan 

is  to  be  preferred  in  most  cases. 

llixlies  very  rich  in  nitrogen,  as  urea,  must  be  mixed  with  about  an  equal 
quantity  of  pure  sugar,  to  furnish  incondensable  gas,  and  thus  diminish 
the  violence  of  the  absorption  which  otherwise  occurs;  and  the  same  pre- 
caution must  be  taken,  for  a  different  reason,  with  those  which  contain 
little  or  no  hydrogen. 

A  nimlifiiMition  of  this  process  has  been  suggested  by  Peligot,  which  is 
very  convenient  if  a  large  number  of  nitrogen-determinations  is  to  be 
niade.  Hy  tliis  plan,  the  ammonia,  instead  of  being  received  in  hydro- 
chloric acid,  is  conducted  into  a  known  volume  (lOto  20  cubic  centimetres) 
of  a  standard  solution  of  sulphuric  acid,  contained  in  the  ordinary  nitro- 
gen-bulbs. After  the  combustion  is  finished,  the  acid  containing  the  am- 
monia is  poured  out  into  a  beaker,  colored  with  a  drop  of  tincture  of 
litmus,  and  then  neutralized  with  a  standard  solution  of  soda  in  water  or 
of  lime  in  sugar-water,  the  point  of  neutralization  becoming  perceptible 
by  the  sudden  appearance  of  a  blue  tint.  The  lime-solution  is  conveniently 
poured  out  from  the  graduated  glass  tube,  described  under  the  head  of 
Alkalimetry.  The  volume  of  lime-solution  necessary  to  neutralize  the 
same  amount  of  acid  that  is  used  for  condensing  the  ammonia,  having  been 
ascertained  by  a  preliminary  experiment,  it  is  evident  that  the  difl'ercnce 
of  the  quantities  used  in  the  two  experiments  gives  the  ammonia  collected 
in  the  acid  during  the  combustion.  The  amount  of  nitrogen  may  thus  be 
calculated.  If,  tor  instance,  an  ocid  be  prepared,  containing  20  grains  of 
pure  hydrogen  sulphate  (SO^Il^)  in  l(XK)  grain-measures  —  200  grain-meas- 
ures of  this  acid  —  the  quantity  introduced  into  the  bulbs  —  correspond 
to  1*3S  grains  of  ammonia,  or  1'14  grains  of  nitrogen.  The  alkaline  solu- 
tion is  BO  graduated  that  lOOO  grain-measures  will  exactly  neutralize  the 
200  graiu-measures  of  the  standard  acid.  If  we  now  find  that  the  acid, 
partly  saturated  with  the  ammonia  disengaged  during  the  combustion  of  a 
nitrogenous  substance,  requires  only  700  grain-measures  of  the  alkaline 

200   X  300 
solution,  it  is  evident  that r^^wj =   GO   grain-measures  were  satu- 
rated by  the  ammonia,  and  the  quantity  of  nitrogen  is  obtained  by  the  pro- 

portion  -^200  :  M4  s=  GO  :  x,  ^-beteioTft  x  = i^j^ —  =  ^-^Vl  ^wv'^  ^\ 

nitrogen. 
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Estimation  ef  Sulphur  in  Organic  Compounds,  —  When  bo1i1(^8  of  thia  class 
cofitainiiip'  aulphur  are  bfirned  witli  copper  oxide,  a  snmil  tube  containing 
lead  iliutide  may  bo  iiiterpoi*eil  bolwe#>ii  tke  culeiuni-ubloridi*  tube  and  the 
pnia»1i  apparatus,  lo  retain  any  ^ulpburous  acid  iliat  may  be  fcrmed.  It 
13  bcttDr,  however,  to  use  lead  cbromatein  Hucb  eases.  The  proportion  of 
sulphur  is  dclermhied  by  oxidizing  a  knoivti  weight  of  llie  subslance  wiih 
etroog  nitric  acid,  or  by  ITiisjoii  in  a  silver  veRsel  with  ten  or  twelve  timee 
its  weight  of  pure  potassium  hydrate  and  half  as  much  nitro.  The  aul- 
phiir  iti  thus  convert«»d  into  milphuric  aciJ,  the  <nmntity  of  ^hieh  can  be 
determined  by  dissolving  the  fused  mass  in  water,  acidulating  with  nitric 
ifccid,  and  adding  a  barium  salt.  Phonphoruji  is,  in  like  niLUitier,  oxidiied  to 
phosphoric  acid,  the  quantity  of  xvhieh  is  determined  by  precipitation  ati 
mmmonio-magnc^ian  phosphate,  or  otherwif^o. 

jE*ltnta(ion  of  Chlorine,  —  The  caae  of  a  votat lie  liquid  contairiin^  cblor^ 
ine  is  of  very  frequent  oecurrenco,  f^nii  may  be  taken  as  an  illui^tralioii 
of  Ihe  general  plan  of  proceeding.  The  combuBtion  with  copper  oxide 
muitl  be  very  carefully  conducted,  and  two  or  three  inches  of  the  anterior 
portion  of  ihe  tube  kept  cool  enough  to  prevent  volatilization  of  the  copper 
ehlortde  into  the  calcium-cLloride  tube.  Lead  ehromate  m  much  better 
for  the  purpose.  The  chlorine  is  correctly  determined  by  placing  a  »maU 
weighed  bulb  of  liquid  in  &  conibusilon-ttibo,  which  is  afterwards  filled  with 
fraginenla  of  pure  quicklime.  The  lime  is  brought  to  a  red  heat,  and  the 
vapor  of  the  liquid  driven  over  il,  when  the  chlorine  dispbices  oxygen  from 
the  lime,  mid  gives  rma  lo  calcium  chloride.  When  cold,  the  contents  of 
the  lube  are  dissolved  in  dilute  nit r to  acidT  filtered,  and  the  chloriQQ  pre- 
<iipitatcd  by  silver  ti  it  rate. 

Bromine  and  iodine  are  estimated  in  a  tiroilar  manner. 


I 

I'- 


EMPIRICAL  AND  MOLECULAR  FORMULAE. 


A  ohemieal  formula  is  termed  empirical  when  ii  merely  gives  the  nimplesi 
possible  expresmon  of  the  composition  of  the  tjubstance  to  which  it  refcm. 
A  molecular  formula,  on  (he  contrary,  expresses  the  absolute  number  ofj 
atoms  of  each  of  its  elci^meut^  suppoiied  to  be  eontained  in  the  molecule,  as 
well  as  the  mere  rtdatioua  existing  between  them.  The  empirical  formula 
ia  at  once  deduced  from  tbe  aualysid  of  the  aubfttance,  reckoned  to  lOQ 
parts;  but  to  determine  the  taolccular  formula,  other  considerations  must 
be  taken  into  account:  namely,  the  combining  or  saturating  power  of  tha 
compound,  if  it  ii  acid  or  baiiic;   the  number  of  atoms  of  auy  one  of  ita 

,       eleinenlii  (generally  hydrogen)  which  may  be  replaced  by  other  elemenls; 

1  the  law  of  even  numbers,  which  requires  that  the  sum  of  Ihe  niirobera  of 
atoms  of  all  the  pcrit«-sad  eleiiient«  (Lydrugeu,  nitrogen,  chlorine,  &c  )  con- 

'       Isiined  in  the  compound  shall  be  diviiiiblc  by  2;   and  the  vapor-dennity  of 

'       the  compound  (if  it  be  volaiiU*  williout  decomposition)  which,  in  normally 

ieonstiiuteil  compounds,  is  always  half  the  molecular  weight  (p.  ii2Vi). 
y  The  mulccubir  formula  may  either  coincide  with  the  empirical  formulA, 
nr  it  may  be  a  multiple  of  the  latter.  Thus,  ihe  composition  of  ttcrtic  acid 
B  expressed  by  the  formula  CHjO.  which  cxhibittt  the  siimplcet  relations  of 
Die  throe  eleuienis;  but  if  we  want  to  express  the  quantities  of  these,  in 
boms,  reqriircd  to  make  up  a  molecule  of  acetic  acid,  we  have  to  adopt  the 
Lrmula  i'jH^Oj:  for  only  one-fourth  of  the  hydrogen  in  this  acid  i»  re- 
placeable by  melala  to  form  Baits,  «?._jlfjKO^,  for  cxunvpU;  iwn4  vV%n*."V«^'  ^^ 
deneitj,  compared  with  hjdrogcn.  is  nearly  dO,  w\\\c\i  V&WU  \.\\^^<i\^^V  'sJ^  ^H 
ihe  molecule,  CM/}^  ^lM2  -f  4 , 1  +  2 .  Hi.  Agik\n,  tW  «6W^\TV<i«X  l^waviv*^^^ 
ofbeoMeaela  CU;  hat  this  coni&ms  an  uueTcn  uum\^T  ot  \i^'it<it,^^  ^x^tsa^ 
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and*  moreoTer,  if  H  expressed  tbe  weight  of  the  molecule  of  bcmen 

12  4-  1 
Tapor-d tensity  of  ihiit  conipoiitid  should  be  — ^ —  =  <J-5,  wher«ft9  ♦xpm* 

meitt  ehowsi  thnt  it  ia  six  times  iks  great,  or  equtil  to^iO:  be&oe  the  molectiUr 
formtilti  of  bcfizeiio  is  C^Hj. 

The  deductioQ  of  an  etopiriciLl  formulii  from  the  uliimate  aDalysid  tMttrf 
eaty ;  the  eatie  of  Hugar^  &1rei\(ly  cited,  mny  be  taken  as  an  example.  Th^ij 
Bubslauce  oontaiOB,  according  to  the  analyiiiif,  in  IQO  parts  — 

Carhon 

IIy(irf>gen 

Oxjgen 

10000 

If  eflch  of  these  qnantities  be  divided  by  the  atomic  weight  of  the  i 
epontling  elemi*nt,  the  quotieuls  will  express  the  relations  ^t"^*^^"  ^*Hi 
the  riumbei's  of  u  torn  a  of  the  three  elements ;  these  are  afters*  :^ 
their  siniple?it  expreaaion.     This  h  the  only  paH  of  I  he  ealcui 
with  any  difliculty.     If  the  mimbers  were  rigidly  correet,  it  would  onlyl 
nccflit^ary  to  divide  each  by  I  he  grciitest  divisor  common  lo  the  whole; 
they  are,  hovvi^ver,  only  approximative,  eomethiDg  ia  of  neceaflity  Itfl  lo  \ 
judgment  of  the  experimenter. 
Ill  the  Cttflc  of  fliigur^  we  have 


"12^ 


■  =  3'60; 


643 
^-«6'43; 


IF 


=  8-22, 


or  850  atoms  carhon,  043  atoms  hydrogen,  and  322  atoms  oxygen.  Now! 
is  evident,  in  ihe  flriiiL  place,  that  the  hydrogen  and  oxygen  are  present] 
the  proportionn  to  form  water,  or  twice  au  many  atoms  of  the  former  %3  of  j 
the  latter.  Again,  the  atoms  of  carbon  and  hydrogen  are  nearly  in  th« 
proportion  of  12  :  22^  ho  Ihat  the  formula  Cj^H^jt'i,  appears  likely  to  h«i^ 
corrrct.  It  is  now  eapy  to  see  how  fur  this  i»  adniiFKible,  by  rt>ckomngl|1 
back  to  1(WI  parts,  comparing  thf  rcfinlt  w  ih  the  numbers  given  by  thM 
actual  analysis,  and  nl>Herviiig  whether  the  difference  fulls  fairly,  in  directiol^ 
anfl  amount,  within  the  limits  of  terror  of  what  mfty  bo  termed  a  good  ei;«*l 
perimcnt,  vjs.,  tivo  or  three-tenths  per  cent,  dffincncti  in  the  carbon,  anfj 
not  more  than  one-tenth  or  two-tenths  p>cr  cent,  titts*  In  the  hydrogen:     J 


Cnrbon 

, 

•         ■         * 

12  X  12  =.  144 

Hydrogen 

, 

. 

1  X  22  ^    22 

Oiygen 

* 

•         »         • 

16  X  11  =  17S 
842 

342 

144  =  100  : 

4211 

842 

222  =  HiO  : 

r>-43 

842  , 

176  =^  100  ; 

51  46 

Organic  acids  and  salt-radicals  have  their  molecular  weights  moat 
fluently  determintMl  by  an  analysis  of  (heir  lead  and  silver  salla^  by  bumini 
these  laiter  with  nuitable  precautions  in  a  thin  porcelain  capsule,  and  notini 
Ihe  weiglit  of  I  he  lead  oxide  or  metallic  silver  left  bebind.     If  thp  lead  oiidi 
be  mixed  with  globules  of  reduced  meial,  the  qiianlity  of  the  latter  mUsi  ^ 
ascertained  by  dissolving  nway  the  oxide  with  ucelic  aeid.     Or  the  lead  ta 
may  he  converted  into  eulplmic,  and  the  silver  compound  into  chloride,  an 
^^i  met  Alt  thui  cslipiftl**^'     ^^  QT^jtkiiift  \»^««:^  «u  vVi^i  contrary,  haf  it( 
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molecular  weight  Hxed  by  the  ob&ervalion  of  the  quantity  of  a  inlneriil 
ftciiJ,  Qv  an  inorganic  sali-radieiiU  reiiuirGil  to  form  with  it  a  combiDalioEi 
LaTiDg  the  characters  of  neutrality. 

The  rational  and  conatitutigtial  formuliQ  of  organic  eompounds  will  be 
eonsidered  further  on. 


J^Sf,  ISO, 


DETEBMINATION  OF  THE  DENSITY  OF  VAPORS, 

The  determination  of  the  Bpecifiic  gravity  of  the  vapor  of  a  volatile  sub- 
Btanco  is  frequently  a  point  of  great  importance^  inastmnch  aa  it  givea  the 
tueanjf,  in  eonj unction  with  the  analysie,  of  representing 
the  const  it  fit  ion  of  the  sub^inuoe  by  measure  in  a  fraseous 
srate.  The  folluwing  i»  a  sketch  of  the  plan  of  operation 
usually  followed  :  —  A  light  glass  globe  about  three  inehea 
iu  diameter  is  taken,  and  its  neck  aoflened  and  drawn  out 
in  the  blowpipe -Hamo,  as  represented  in  fig,  VM):  this  ie 
accurately  weighed.  About  one  hundred  grains  of  tbo 
volatile  liquid  are  then  introducedt  by  gently  warming  the 
globe  and  dipping  the  point  into  the  liquid,  wliieh  is  then 
forced  upwards  by  the  pressure  of  the  air  as  the  vessel 
coola.  The  glolio  h  next  firmly  attached  by  wire  to  a  hun- 
die,  in  ?ueh  a  manner  that  it  may  he  plunged  into  a  both 
of  boiling  water  or  heated  oil,  and  steadily  beld  with  (he 
int  projecting  upwards.  The  hath  mii«(  havt*  a  teniper- 
ure  con^ifleruhly  obove  that  of  the  boiling  point  of  ihc 
uid.  The  lattt^r  becomes  rapidly  converted  into  vapor, 
which  escapes  by  the  narrow  orifice,  chaining  before  it  the 
^r  of  tbe   globe.     When   tlie    issue  of  vapor   has  wholly 

A»ed,  and  tho  temperature  of  the  l>ath.  carefully  observed,  appears  pretty 

liform,  I  he  open  citromity  of  tho  point  is  hermetically  eeaU'd  by  a  small 

ilowpipo-ttame.     The  globe  h  rotnoved   from   the  hjuh,   BulTcred   io  cool, 

cleansed  if  necesisary,  and  weighed,  after  which  the  neck  is  broken  off  be- 

^^l^eath  the  surface  of  water  which  liaa  hi-en  b{>iled  and  cooled  out  of  contact 

^Hhf  ftiJ'.  or  (better)  of  mercury,     Tbe  H«|iiid  enters  the   globe,   and,  if  the 

^^Bftpulition  of  the  air  by  the  vapor  hrts  been  complete,  fills  it;  if  otherwise, 

^^Hi  nirbubblo  U  loft  whose  volume  can  he  easily  ascertained  hy  pouring  the 

^^Plquid  from  the  globe  into  a  grndunted  jar,  and  then  refilling  the  globe,  and 

^^rcpeating  the  same  observation.     Tlie  capacity  of  the  vessel  is  thus  at  the 

eaine  linie  known :  and  t  he^e  ara  all  the  data  required.'*^     An  example  will 

render  the  whole  intelligible. 


of  b 
■&tur 

^. 

^^loi 


Delerminatwn  of  the  Vapor^Deruittf  of  Acetone, 

Capacity  of  globe SI  til  cubic  mchea. 

'Teight   of  glube  filled  with  dry  air  at  62*  F,  and 

3(1-24  inches  baromerer         .         '         ,         .         . 
ITeight  of  globe  filled  with  vapor  at  212*  F.  temp,  of 

the  bath  at  the  moment  of  ifcaling  tho  point,  and 

30*24  inches  barometer         ,  ,  ,  ,  . 

esldual  air,  at  45'*  F,,  and  30-24  inches  barometer 


2070*88  graina. 


2)0T*V81  grains, 

O'tjt^J  cubic  inches. 


t-'^'-u,  j.ir  mn'Ui'r.^ — joutti. 
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31-61  cubic  incli^B  of  air  at  52*  awfl  80'24  in.  b»r- =  S2-36  eobte  tnches  i 

60°  F.»  and  30  intfli  bar,,  weighing       ,         ,         .         ,  10^35  gnuisib 

HeDce,  wcjgbi  of  e to ptj  globe,  207U  88  — 10085  =  2060-845  grainiL 


O'G  cubic  ineb  of  air  nt  45^  =  0-8  cubic  inoh  ftt  212°;  weight  of  do.  bjctl* 

culaticm  ;=:0  191  grain. 
ai-61  —0*8  ^30-81  cubic  incbes  of  vapor  at  212'*  wid  30-24  in.bar.»  wbiek, 

on  the  iuppotition  that  if  vrottid  brar  cuofmff  to  is(f  tnthout  liqu^acUpf^^  wooidi 

ttt  that  temperaiure,  and  under  a  pressure  of  30  inch,  bar.,  boooisi«  rt*- 

duced  lo  24' IS  cubic  iuchos. 
Hence, 

Weigbt  of  globe  and  vapor 2076-810  grai]ii» 

••  residual  air 01 91 


2076'G]9 
Weigbt  of  globe    ,...,..,      20tiO  845 


I 


M 


I 


Weight  of  (be  24' 18  cubic  incbea  of  vapor  .  ,  ,  1'5'774 
ConsiHiuenHy,  100  cubic  inchcB  of  such  vapor  must  weigb  65  23 
100  cubic  inciiee  of  air,  under  similar  oircumstances,  wetgb  81*01 
65-23 

=^  2  "103,  tbe  specific  gravity  of  tbe  vapor  in  question^  air  being  unli 

ai  -01 

Or,  tbe  weigbt  of  100  cubic  iucbca  of  bydrogcn  being  2*14  gr»inA» 
C5  2a 

==  30'44  is  tbe  epecific  gravity  of  &ceione  vopor  referred  to  bjdrogcJi 

214 

&B  uniij. 

In  Ibe  foregoing  staiemeni,  vre  have,  for  the  sake  of  simplicity,  omititd 
»  corrGCtion,  wbicli,  in  very  exact  experirneiUs,  must  not  bo  lost  »iglil  of, 
Tit.i  tbe  expaniiic^ni  and  change  of  cnpacity  of  tbe  glass  globe  by  the  eX^" 
voted  temperature  of  the  batli.  Tbe  density  bo  obtained  will  bo  olways  ott 
this  account  a  little  too  high. 

Tbe  error  of  the  mercurial  tbennomoter  at  bigb  temperatures  ia  in  the 
opposite  direction* 

The  preceding  meibod,  ivbieb  is  that  of  Dumas,  is  applicable  to  the  de> 
temiinatiooof  the  vapor-deneitie»  of  aU  subMances  whose  boiling  points  are 
within  (be  range  of  the  mercurial  ihertnonicter.  that  is  to  say,  not  exceed* 
ing  IiOO°C,  ('>72^  F.),  and  tbcrctore  to  nearly  all  volatile  organic  compounds: 
indeed,  there  are  but  few  such  rompoumia  which  cmi  bear  higher  tcnip^^ra- 
tures  without  decomposition.  But  for  mineral  subi^tance*!,  such  aj  sulphur, 
iodine,  volatile  meuillic  chlorides,  &c.,  it  is  often  necessary  to  employ  auich 
higher  leniperalures;  and  for  such  cases  a  modification  of  the  pmccss  has 
been  devised  by  Devikle  and  Troost.  It  cotii^iiats  in  iitcing  a  globe  of  porce* 
Liln  instead  of  glass,  heating  it  in  the  vapor  of  a  substance  whose  boiling 
point  is  known  and  constant,  aud  sealing  the  globe  by  the  flame  of  the  oxy- 
hydrogen  blowpipe.  The  vapors  employed  for  this  purpose  are  thot^e  of 
mercury,  which  boils  at  350°  C.  (6*»2'='  F. ) ;  of  sulphur,  which  bidls  at  440*»  T. 


(824*>  W.)\Qt  cadmium,  boiling  at  SfSO*' (\  ( 1  ABiP  F, ) ;  of  linc,  boiling  at  |tJ4u* 


(1900°  F.).  The  u^e  of  these  liquids  of  con«<taiit  boiling  point  obviaU 
the  neoesfiity  of  determining  the  temperuture  in  each  experiment^  which  ( 
tlich  degrees  of  heat  would  be  very  difficult. 

In  the  processes  nbovc  described,  the  density  of  a  vapor  is  determined 
^7  weighing  the  <|U&utity  of  the  \a»p<»T  «t>nxi.\i:L«i  m  o,  veasel  of  known  cft- 


led      " 

1 
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^^ftftCttj.  AnoUier  methadf  devised  bj  Gay-Lu6sfLC,  con^it^ts  in  aacerlaining 
^^Kt>  voliimo  ucciipicd  by  a  given  weight  of  subsVaocc  wben  beated  up  to  a 
HB*mpi»n*liire  eaii^jiderably  aboTc  its  boilitLg  point, 

r  Th<j  density  of  n  vupor  rt-ferrcd  to  air  nn  unity  mny  he  converted  into 
I  thai  wbicb  jt  Ims  compiired  with  bydroj]f«n,  by  dividing  by  0  Ot>'J2(>,  th« 
RpeciSc  gravity  of  bytirogen  referri'd  to  Jiir  us  unily. 

The  vapar-den.'?ity  of  a  compound  thns  determined,  thftt  is  to  amy,  the 
weight  of  a  unit-vidiime  of  its  vapor  compared  with  timt  of  hydrogen,  is 
found  to  be  in  nearly  all  vnses  hnlf  ita  moleoalar  weight:  for  exunipk,  tho 
molecular  weight  of  acetone,  C^HgO,  is  Sti  -h  *i  -h  1^>  ^=^  **S*  *he  half  of 
which  js  29,  or  nearly  eqnnl;  to  the  vapnr-density  of  neetoae  determined  by 
experiment.  Hence  the  law  nlrendy  atjUed  (p.  229),  that  the  molecitlea  of 
all  normally  consiiinied  eonipounds  in  the  state  of  vapor  occupy  twice  Ihe 
Tolume  of  an  atom  of  hydrogen. 

Some  compounds,  howevert  exhibit  a  departure  from  this  rule,  their  ob* 

•erved  BpecifiG   gravities  being  equal   to  only  one-fourth  their  molecular 

weights,  or  Uieir  molecules  occupying  four  limes  the  vuhime  of  an  jitom  of 

hydrogen.     Such  is  the  case  with  ^al-ammoniac,  NH^Cl,  phojiphorus  penta- 

^^hkfride,  PClj.  sulphuric  acid,  SO^ir.,  amuionium-Mtjlpb-liydratc,  Sli(NH4), 

^Httitl  a  few  others.     Thisi  anomaly  i»  jirolmbly  due^  in  some  cases  at  lejust,  to 

^^J  decomposition  or  *HliBsocitttton"  of  the  compound  at  the  high  teuiperm- 

'       ture   to  which  it  id  subjected  for  the  determination  of  its  vaporHJen«ily; 

r?H|Cl,  for  ciJimple,  Bplilting  up  inio  NI!j  anil  IH'I,  ench  of  which  occupies 

two  volumes,  and  the  whole  therefore  four  volumes:   nud  in  like  manner 

SO^II^  mny  ho  *<uppoHcd  lo  separate  into  80^  and  Oil,;  TClj  into  FClj  and 

Cl^;  SH(NH^)  inio  SHjand  NH^  kc. 

On  the  other  hatnJ,  same  8ub»tauce.«<,  both  simple  and  compound,  exhihit, 
mi  tempernture^  not  fur  above  tiieir  boiling  poiriis^  vapor-densities  consider* 
ably  greater  than  they  should  have  occording  lo  the  general  law.  whereaa 
wiicii  raised  to  higher  temperatiiren  they  exhibit  normal  vapor-dcnsitiea, 
Thns  flulphur,  which  boils  at  44lJ<*  C.  |82i*'  F.),  exhibiis  at  1000°  C.  (1832*' 
F.)/like  elemenl&ry  gases  id  general,  a  vnpor-dptisity  equal  to  its  atomio 
weight,  viz.,  S2  (see  p.  22t") ;  but  at  600"  C.  {^M'2''  V  )  iti^  vapor-density  is 
nearly  (hree  times  as  great.  Again,  acetic  acid,  r^jH^O,,  whose  molecular 
weight  is  24  4-  4  -^  16  ^  t>0,  has*  at  lc«fipera»ure«  ^'oneiidembly  above  iU 
boiling  point,  a  vapor-deiieity  nearly  equal  to  30;  but  at  125°  C.  (2-57**  F*), 
b^  V.  (14°  F. I  above  its  boiling  point,  its  vapor-densily  iff  rather  more  than 
45,  or  1^  times  as  great.  This  anomalous  increase  of  vapi>r-density  appears 
to  take  place  whcu  the  siibslance  approaches  it»  liquefying  point,  at  which 
also  it  eihibitsirregulariuesin  its  rate  of  expansion  and  contraction  by  varia- 
tions of  prcsj5urc  and  temperature  — at  which,  in  short,  it  begins  to  behave 
ilself  like  a  Liquid;  but  at  higher  temperntureB  it  eihibils  the  physical 
characters  of  a  perfect  gas,  and  then  also  its  specific  gravity  becomes  normaL 
There  arc  two  clementj^,  however,  namely,  phosphoruB  and  arsenic,  which, 
at  all  temperatures  hitherto  attained,  eichihit  a  vapor-density  twice  as  great 
aa  they  should  have  according  lo  the  general  law,  that  of  phosphorus  being 
always  &2,  and  that  of  arsenic  150.  This  has  been  explained  by  supposing 
that  the  molecule  of  each  of  these  elements  in  the  free  state  contains  4  atoms 
instead  of  two,  as  is  the  case  with  most  elementary  bodies;  thus  the  mole- 
cule of  phosphorus  is  iupposed  to  be  represented  by  the  formula 
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DECOMPOSITIONS  AND  TRANSFORMATIONS  OF  ORGANIC 
COMPOUNDS. 

Organic  bodies  arc,  gcnernUy  Hpenking,  Jistinguiahed  by  the  facililj  with 
which  they  decompose  untit-r  the  ijitiuenee  of  beut  or  of  eheniiuiil  reagenls: 
the  more  complei  the  boUy^  Lku  more  ifa{»iljr  do^n  it  undergo  d&compoeitioti 
or  tranaformftiion. 

1.  Action  6/ Heat. — Orgfinie  bodies  of  Bimple  cottBtitution  and  of  some 
permancrice,  but  not  capuble  of  sublftnlng  iinehaiigi'il,  likv  tniinj  of  the  orgauic 
soldSf  yitfid,  vrlieu  exposed  to  a  bigh,  but  regulated  lempeniture,  in  a  retort, 
new  coRipoundsn,  pertecily  detinitv  and  often  cry»ltilli£u.ble,  whlcb  parlAke, 
to  a  etrtftin  extent,  of  the  propertiejs  of  the  original  substance  :  Ihe  numer' 
mtn  p*fm'<n'fdjtt  of  nhicb  many  exttniple;)  will  occur  in  Ihe  succeeding  pages, 
ftre  thus  produced,  Cnrbon  dioxide  aud  water  arc  often  eliminated  under 
these  cireuiiiBtanoes.  If  the  heat  be  suddenly  rniaed  io  redness^  the  regu- 
l&ritj  of  the  decomposition  vaui»hca»  while  the  products  become  more  un* 
certain  and  more  DUimerous;  carbon  dioxide  and  watery  Tapor  are  suc- 
oee<led  by  inflaumiable  gases,  as  carbon  monoxide  and  liydrocarbona;  oilj 
]iia.tter  and  tar  dit^iil  over,  and  increase  iu  qiiontity  until  the  clo^e  of  the 
opera ttoHt  when  the  retort  is  found  to  cotitain^  in  most  cases^  a  residue  of 
charcoal.     Such  is  drjf  or  dfMrucfivt  disttlUHon. 

If  the  organic  substanco  contain.*  nitrogen,  and  is  not  of  a  kind  capable 
of  taking  a  new  and  permanent  form  at  a  uiodcraie  degree  of  heat,  then 
Ihat  nitrogen  is  In  nioet  inatances  partly  dinengaged  in  the  thap>e  of  ammo- 
nia, or  substances  analogona  to  it,  partly  left  m  comhination  with  (he  car* 
bonaeeons  matter  in  the  di»ti11aiorj  ve»Bei  The  product»  of  dry  diatillaliOQ 
thus  become  still  more  euniplicatod. 

A  much  greater  degree  of  regularity  Is  observed  in  the  effects  of  beat  on 
fixed  organic  matters,  when  ihese  are  previously  mixed  with  an  excess  of 
strong  alkaline  base,  as  poiush  or  lime.  In  yuch  cases*  an  acid,  the  nature 
of  which  is  chiefly  dependent  upon  the  temperature  applied,  is  produced, 
and  remains  in  union  with  the  base,  the  residual  clement  or  elements  escap- 
ing in  some  Tolalile  form.  Thus  benzoic  acid  di.s(illed  with  calcium  hy- 
drate, at  a  dull  red  heat,  yields  calcium  carboiinte  and  beniene ;  woody 
fibre  ajid  canntic  pntanh,  heated  to  a  very  moderate  temperature,  yield  free 
hydrogen,  and  a  brown,  somewhat  indefinite  substance  culled  ulmir.  acid; 
with  a  higher  degree  of  beat,  oxalic  acid  appears  in  the  place  of  the  ulmic; 
and.  at  the  temperature  of  ignition,  carbon  dioxide,  hydrogen  bcitig  the 
other  product. 

2,  Actwn  of  Orfffjen. — Oxygen,  cither  free  or  in  the  nascent  state,  in 
whiuh  lalter  rondition  it  is  mast  actiye,  may  aci  on  organic  compounds  in 
four  different  ways: 

a.  By  aimplc  addition,  aa 


c  n,o  +  0  =  c^n^Oj 

Aldehyde.  Acetic  &oid. 

0.  By  simply  removing  hydrogen ; 

C.H^O  4-  O  =^  OH,  -f  C,H^O 
Aleoliob  Aldehyde. 

y.  By  remorlng  hydrogen  and  taking  its  place,  2  atoms  of  hydrogen  1 
repJuccd  by  one  of  oxygen ;  n.  y. : 

c,n,o  +  0,  =  ow,  -V  ^i^Pv. 

Alcohol.  Xo«V\c  *6>i. 
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I.  By  TCinoving  both   cnrbon  and  liydrogen.     In  this  mutiiier  complex 

_rgfttiic  bodies  oonUiiiing  large  numbera  of  carbon  and  hydrogen  iiioitisnro 

reduced  to  olher«  of  simpler  can«timiion,  and  uliinifttiily  ihe  civrboii  and 

hydrogen  are  wholly  converted  inlo  carbon  dioxide  und  water,     Nitrogun, 

ihlorineT  bromine,  and  iodine,  if  present,  are  at  the  aame  lime  diaeugugcd, 

br  the  most  part  in  the  free  state,  nnd  sulphur  is  oxidized, 

Moi«t  organic  substances,  espeeiully  those  containing  nitrogen,  undergo, 

Hrh«n  exposed  to  the  air,  a  alow  proceas  of  oxidation,  by  which  the  organio 

Uttor  IB  gradually  bnrned  and  destroyed  without  sensible  elevation  of 

^emperalnre;    this  process  is  called   iJacay,  or  Eremacatnit,     Closely  con- 

iected  with  this  change  are  those  called  fermentfition  and  Putre/iwtwH,  coti- 

iBting  in  a  new  arrangement  of  the  elements  of  the  compound  (often  with 

Bsimilatjon  of  the  elenientu  of  water),  and  the  conseiiuent  formation  of  new 

roducts.     The  change  is  called  pu&tfnction^  when  it  is  acconapanied  hy  an 

RenatTe  odor ;  ffrmfnUition^  when  no  such  odor  is  evolved,  and  esperially 

^ihe  c;tiange  results  in  the  fornmtion  of  useful  products:   Ihuia,  the  decom- 

osition  of  a  liead  body,  or  of  blood  or  urine,  is  putrefaction ;   thiit  of  grape- 

aice  or  niftlt-wort,  which  yields  alcohol,  is  fermentation.     Putrefaction 

nd  fermentation  are  not  processor  of  oiidation ;   nevertheless,  the  prcsetico 

ox>gen  appvara  to  be  indispcUHable  to  their  commencetnent ;   but  the 

bange,  when  once  begun^  proceeds  without  the  aid  cf  any  other  substance 

Eternal  to  tbe  decomposing  body,  unless  it  be  water  or  its  elements.     Every 

Me  of  putrefaction  thus  begtnH  with  decay  ;   and  if  the  decny,  or  its  causQf 

ftmely,  the  absorption  of  oxygen,  be  preTcnted,  no  putrefftction  occurs, 

phe  mo«l  putrcsciblo  tsubstinccB,  as  animal  flesh  intended  for  food,  milk, 

md  highly  azotixed  vegelables,  are  preserved  indefinitely,  by  enclosure  in 

netftllic  OQiseei  from  which  the  air  has  b^en  eompleteh/  removed  and  excluded. 

FenDontAlion  and  putrefaction  are  atways  accompanied  by  the  develop- 

tneoit  of  certain  living  organisms  of  the  fungous  cla!**i:   biit  whether  the 

rowth  of  ihese  ia  a  cause  or  a  consequence  of  the  chemical  change?  is  a 

oini  not  yet  decided.     We  shall  return  to  this  subject  in  speaking  of  the 

brmentation  of  sugar. 

3.  Arfion  of  Chlonnt",  Bromine,  and  Iodine. — Chlorine  and  bromine  exert 
Precisely  similar  actions  on  organic  bodies;   that  uf  chlorine  is  the  more 
aergetic  of  the  two.     The  reactions  consist: 
a.  In  flioiplc  addition  of  chlorine  or  bromine  to  Ihc  organic  molecule ;  c.  ^.  .• 

c,H,o,  +  Br,  =  r,R,nr/), 
Fuinario  Dibromosyccinio 

acid.  acid. 

0,  In  rerooTftI  of  hydrogen  without  Huhstitution: 

CJJ/i  -h  CI,  —  2HCI  -\-  C  H^O 
Alcohol.  Alileliyde. 

y.  In  subsUtution  of  chlorine  or  bromine  for  hydrogen: 

<^i"i*^a  +  CI,  —  nci  +  cnjrm. 

Acetic  Chloracelio 

acid.  acid. 

c.n^o,  +  30!,  ==  8iin  +  c,nci,ti, 

Acetic  Trichloraceiio 

acid,  acid 

imbstitution-prodncf?  thus  formed  undcT^Q  iTW\?>ttjTXft^W«m%  ^ 

r  lo  fijo.-e  of  the  original  compounds,  uuAct  V\vo.  \w^\w\\"&%  <A  ivn^ 
'rcag^atB:  but  they  are  always  more  ac\d,  or  \t*%  \iiabS^V>\i», '^^ "^^^^ 
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lion  to  the  quantity  of  chlorine  or  bromine  substituted  for  hydrogen.  Thus 
aniline,  C^H^N,  which  is  a  strong  base,  may  be  converted,  by  processes  to 
be  hereafter  described,  into  the  chlorinated  oomf>ounds,  Cf  U^piN,  C^H^LN, 
and  CfH^CltN,  the  first  and  second  of  which  are  less  basic  than  aniline 
itself,  while  the  third  does  not  show  any  tendency  to  form  salts  with  acids. 

i.  In  presence  of  water  they  remoTe  the  hydrogen  of  that  liquid,  and  set 
free  the  oxygen:  hence,  chlorine-water  and  bromine-water  act  as  powerfiil 
oxidising  agents. 

Iodine  may  also  act  in  this  manner  as  an  oxidising  agent;  and  it  aomt- 
times  attaches  itself  directly  to  organic  molecules;  but  it  nsTsr  acts  directlj 
by  substitution.  Iodine  substitution-products  may,  howcTer,  be  obtained 
in  some  cases  by  treating  organic  bodies  with  chloride  of  iodine,  the  chlor- 
ine then  remoTing  hydrogen,  and  the  iodine  taking  its  place. 

4.  Action  of  Nitric  Acid.  —  This  acid  acts  Tery  powerfully  on  organic  snb- 
Btances.     The  action  may  be  of  three  kinds: 

a.  Direct  combination,  as  with  organic  bases ;  €,g,: 


Ethylamine. 


NO,H    = 

Nitric 

acid. 


C,n,N.NO,H 

Ethylamine 

nitrate. 


$.  Oxidation.    This  mode  of  action  is  most  frequently  obsezred  with  tlie 
Bomewhat  diluted  acid. 
y.  Substitution  of  nitryl  (NO^  for  hydrogen ;  e.  g, : 

C,n.    +     NO,(OH)    ==    OH,    +    C.H,(NO,) 


Benzene.      Nitric  acid. 


Nitrobenxene. 


c,n„o. 

Cellulose. 


+ 


8N0,(0H) 
Nitric  acid. 


=    80H,  + 


C,U,(NO,>A 

Tritrocellulose 

(gun-cotton). 

This  action  takes  place  most  readily  with  the  strongest  nitric  acid  (pure 
hydrogen  nitrate).  The  products  (called  nitro-eompounds)  are  always  easily 
combuBtiblc,  and  in  many  cases  highly  explosive. 

6.  Action  of  Alkalies, — The  hydrates  of  potassium  and  sodium  act  on 
organic  bodies  in  a  great  yariety  of  ways,  the  most  important  and  general 
of  which  are  the  following:  — 

a.  By  direct  combination : 

+         OKH 

Potassium 
hydrate. 

+  OKH 

Potassium 
hydrate. 


CO 
Carbon 

monoxide. 

Camphor. 


=        CHKOj 

Potassium 
formate. 

C„H„KO, 

Potassium 
campholate. 


0.  By  double  decomposition  with  acids,  water  being  eliminated,  and  m 
salt  produced : 

C,H,0,.H         +        OKH       =        OH,        +         CalljO^.K 
Acetic  acid.  Potassium 

acetate. 
y.  Oxidation,  with  elimination  of  hydrogen: 

C,H.O    +    OKH    =    C^HjKO,    +    2n, 
Alcohol.  Potassium 

acetate. 

if.  From  chlorinated  compoanda  iliey  T^moi^  «* -^xl  «t  V\i<k  ^V<iU  of  the 
chlorine : 
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CjH^Cl, 
Ethene 
chloride. 

+ 

OKH 

ethene. 

Ka 

+ 

OH, 

c,H„a 

Amy  I 
chloride. 

+ 

OEH 

=       C,H„       + 
Amylene. 

Ka 

+ 

OH, 

c.  Amides  (pp.  316,  471)  are  decomposed  by  them  in  such  a  manner  that 
the  whole  of  the  nitrogen  is  given  off  as  ammonia,  and  a  potassiiim  or 
Bodium  salt  of  the  corresponding  acid  is  produced : 

NH,.C,H,0    +    OKH     =     NH,    +    C.H,O.OK 
Acetamide.  Potassium 

acetate. 

Many  other  azotized  organic  compounds,  when  heated  with  alkaline 
hydrates,  likewise  give  up  the  whole  of  their  hydrogen  in  the  form  of 
ammonia. 

6.  Action  of  Reducing  Agentt.  —  This  name  is  given  t^  bodies  whose  action 
is  the  inverse  of  that  of  oxygen,  chlorine,  bromine,  and  iodine;  such  are 
nascent  hydrogen,  obtained  by  the  action  of  sodium-amalgam  on  water,  or 
by  that  of  zinc  on  aqueous  acids  or  alkalies ;  also  hydrogen  sulphide,  am- 
monium sulphide,  sulphurous  acid,  and  metals,  especially  potassium  and 
Bodium,  all  of  which  either  give  up  hydrogen,  or  abstract  oxygen,  chlor- 
ine, &c. 

Reducing  agents  may  act  in  the  following  ways :  — 

a.  By  adding  hydrogen  to  an  organic  body : 


C,H,0    + 

Ethene 

oxide. 


HH     ■= 


C,HpO 
AlcohoL 


fi.  By  removing  oxygen,  chlorine,  bromine,  or  iodine,  without  introducing 
anything  in  its  place ;  thus : 


c,n,o. 

Benzoic 
acid. 


+     HH 


OH,    + 


C,H,0 

Benzoic 

aldehyde. 


y.  By  substituting  hydrogen  for  oxygen,  chlorine,  &c.  This  process  is 
called  inverse  substitution.  It  may  take  place  either  in  equivalent  quanti- 
ties ;  e.  g, : 


c,n,o  .  OH 

Benzoic 
acid 


+    2HH    =    OH,    + 


C^H^  .  OH 
Benzylio 
alcohol 


or  it  may  happen  that  the  quantity  of  hydrogen  introduced  is  only  half 
that  which  is  equivalent  to  the  oxygen  removed.  This  mode  of  substitu- 
tion takes  place  with  nitro-compounds,  which  are  thereby  reduced  to  others 
containing  amidogen,  (NH,),  in  place  of  nitryl,  (NO,) ;  thus: 


C,H,(NO,)    + 
Nitrobenzene. 


8H, 


20H, 


+     C,H,(NH,) 
Amidobenzene 
(aniline). 


A  large  number  of  organic  bases  are  formed  in  this  manner  from  nitro- 
compounds. 

7.  Action  of  Dehydrating  Agents,  —  Strong  sulphuric  Wi\^,  ««\^\i\VT\^  oi^Aa^ 
jihoBpborio  oxide,  and  zinc  chloride  remove  oxygen  wi^  "Vi-j^x^^^t^^  Ix^ta. 
orgMuio  bodies  in  the  form  of  water,  the  elemenU  ot  n?\i\cV  %x^  ^«tVH^^ 
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someitmoB  fVom  a  alngle  molecule  of  the  orgmilo  bodf ,  aometimef  from  tui 
moleculea : 

c,n,o    —    OH,    =    C,H^ 
AlcoboL  Etheiie. 


2C,1I«0 
Alcaliul. 


—    OH,    = 


C,H„0 


<^9 


CotnpouTicls  which,  like  sugar,  Bt&rebt  and  woody  fibre,  consist  of  em 
united  wjLli   bydrupun  und  oxygen  in  the  proporlions  to  form  Water, 
often  reduced  by  tkesc  dehydrating  ftgenUi  to  hWk  subetanccji  ooiMUtii 
mainly  of  curbun. 

Other  react ionn  of  \o»s  gcnernllty  than  thoie  above  described  will 
oJeoily  iUustrnted  by  epccial  cjiaes  in  the  aequei 
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Tb«  cW^ificAtion  of  orgnnic  compounds  i!«  biuied  upon  the  equirnl^nee 
fttODiicity  of  cArbon.     TJiis  element  is  ft  tetrad,  being  capobl«  of  unili 
with  at  tnost  four  atonia  of  hytlrogen  or  other  nionaloniic  elements.     M( 
thane  or  niaiah  gust,  CH^,  is*  therefoi-e  a  satyrnted  hydro-carbon,  not  ca]_ 
ble  of  uniting  direclly  with   chlorine,  bromine,  or  oihfr  monad  elemenl 
but  only  of  excliaiijfing  a  part  or  the  whole  of  its  hydrogen  for  an  etjui 
alent  quantity  of  another  monad  ekmeiit.     It   may,  however.  ««  already 
explained  (p.  285),  take  up  any  number  of  dyad  e1en]eut«>  or  radieaK  hii 
cause  such  a  radical  iutroduoeil  iuto  any  group  of  atoms  what  ever,  neutral! 
izes  one  unit  of  equi valency «  and  adds  another,  leaving  therefore  the  cotm^ 
bining  power  or  equivalence  of  the  group  just  the  !*ame  as  before.     A0i 
cordiiJ(;:ly,  tlie  hyiirn-cnrbnu,  CH4,  may  take  up  any  number  of  molecul* 
of  rh«  bivalent  radicnl,  CH^,  thereby  giving  rise  lo  the  aeries  of  saturat 
hydro-carbons, 

C 


CH,,        C.He.        C^Hg.        C.H^, 


Hi*-K* 


A  series  of  compounda.  the  terms  of  which  differ  fnym  one  another 
CH^  ia  called  an  homolmjofm  serirj.    There  tire  many  Buch  aeries  be«ide!!i  tbi 
of  the  hydro-carbon?  junt  mentioned;  ihus  methyl-chloride,  CHgCl,  gifi 
by  continued  addition  of  CM^  the  eerieB  of  cbloridcB, 

cii.ci,      c.n^ri,      qn^v      c^h,ci  .  .  .  c  h^+  c1; 

and  from  methyl-alcohol,  CII^O,  is  derived  in  like  maimer  the  eertea  oV 
homologous  alcuhoUf 

cn,o,      c,n,o,      c,ngO,      c,h»^o  ,  .  .  c.h,»+  o. 

The  terms  of  the  iame  homologous  series  resemble  on©  another  in  i 
reflpeets,  exhihiling  Mimilar  trausformationii  under  tlie  action  of  given  ] 
agent  4f  atid  a  regular  grftdatiim  of  properliea  from  the  lowest  to  the  bigll 
e»i;  thus,  of  the  hydro-carbous,  C.  H^+j,  the  lowest  lerma  CH^,  ^iH^  am 
C,H^  are  gaseoiiji  at  ordinary  temperalures,  the  highest  containing  20  1 
mure  t^nrbou-utomtt.  are  boIiiI,  wbih'  the  inlermediale  compounds  are  liquidvp' 
brciiining  more  and  more  viecid  and  Icps  volalik^  at*  they  contain  a  grenterl; 
numb«<r  of  carbon<a|iimi*,  and  exhibiting  a  constant  rise  of  about  2(P  Ci 
(3»j**  F. )  in  their  bidUni:  pniuts  fur  vnvh  uddition  of  C\l^  to  the  nioloeuls. 

The  saturated  hydro-carbom},  L\  H».-K  ^^^:ft  under  varioua  circu 


I  SeeV^^^BUb, 


nioioeula.    4 
tfumataM|y 
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be  deprived  of  two  atoms,  or  one  mol<*cule,  of  hydrogen,  thercbj  producing 
A  new  liomologous  seriea^ 


ce^ 


c.H^ 


CjH^,         CjH^         C4H, 

These  are  unsaturated  molecules,  huTinf  two  units  of  equivalency  imcom- 
birted,  and  therefore  acting  vla  bivak*nl  nidiciLla,  cApable  of  taking  up  2 
atom?  of  chlorine,  bromine,  or  otber  unlT&lent  radicftla,  and  1  atom  of  oxy- 
gen or  orher  bivalent  radical. 

The  first  term  of  this  Itiet  series  cannot  give  up  2  fttomfl  of  hydrogen 
without  being  reduced  to  the  iitom  of  cnrbon  ;  ImiI  the  rcinnining  terms  may 
each  give  up  2  atoms  of  hydrogeti,  and  thua  give  riije  to  ihe  series, 

c,H^       c,H,,       cyi^ ....  C,H^_j. 

each  term  of  which  is  a  quadrivalent  radical- 

And,  in  like  manner,  by  eucces^ive  abstractions  of  H,,  a  number  of  bo* 
mologous  series  may  be  formed  whose  general  terms  are 

The  individual  series,  as  far  as  Cg>  are  given  in  the  following  table,  to- 
gether with  the  names  proposed  for  them  by  Dr.  Hofmanix :  ^ 


cn^       re, 

Methane  Meihoue 


Ethane 


Eibeno 


Ethine 


c,n,        C,If,        C,H,        C,H, 
Propane   Propene   Pro  pine   Propone 

c;a^      ejig      c^iie      c^n^      c^h, 

QuAftane  Qnarlcne  Quartine  Quart  one  Quarlune 

<^."i.      '^"„      c,ti,       r,ii,      r^n. 

Quintnne  Quiniene    Quiniine  Quititonc  Quiniune 


C, 


C.H.. 


r< 


Sexlunc     SeiU-no    Scxtiue     Scitooo    Scxtune 


C,H, 


Each  vertical  column  of  thia  iaVde  forms  a  homologoua  series^  in  which 
the  terras  differ  by  CU^,  and  erich  borizoutal  line  an  uolopong  terif*,  in  which 
ihe  successive  terms  differ  by  li^.  The  bodies  of  these  last  series  ar© 
designated  as  the  moriocarbon,  di carbon  group,  &c. 

The  formuliB  in  the  preceding  table  represent  hydrocarbons  all  of 
which  are  capable  of  exialiug  in  (lie  separate  stale,  and  many  of  wliieh 
have  been  actually  ohtaiued.  They  are  all  derived  from  saturated  mole> 
cnlcs,  C,  na,+.^  by  abstraction  of  one  or  more /ia»>*  of  hydrogen-atoms. 

But  a  saturated  hydroearhon,  CIl^.  for  eimmple,  may  give  up  1*  2,  .3,  or 
any  number  of  hydrogen-atoms  in  exchange  for  other  elements;  thus  marsh 
ga9»  C1f4.  subjected  to  the  action  of  chlorine  under  various  circumstances, 
jiolds  the  substitution- products, 


CH/1, 


CH,C1^ 


CHH* 


CCl, 


which  may  be  regarded  as  compounds  of  chlorine  with  the  radicals, 

{CH3)',  (CH,)%  (CH,)''',  C«- 

and  in  like  manner  each  hydrocarbon  of  the  iieries,  C^H^^-i,  may  yield  a 
series  of  radicals  of  the  forms, 

(c.  JU^,;'.      (c.  u^y\      (c.  H^i  y,      ^^c^^ti^^ ,  k^. 

0Mebofwbieh  bms  ^n  equivalcDt  Talue,  or  eomb\t\\Ti^pci^*T,  «i«rcws^wi^2flv% 
•  ProceedlDci  of  the  a»yal  Bociiaty,  x^.  hi. 
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with  the  Bumber  of  hydrogen-atoms  abstracted  from  the  original  hydro- 
carbon. Those  of  even  equiyalenee  contain  even  numbers  of  hydrogen- 
atoms,  and  are  identical  in  composition  with  those  in  the  table  above  given; 
but  those  of  uneven  equivalence  contain  odd  numbers  of  hydrogen-atoms, 
and  are  incapable  of  existing  in  the  separate  stato»  except,  perhaps,  as 
double  molecules  (p.  238). 

These  hydrocarbon  radicals  of  uneven  equivalence  are  designated  by 
nsmes  ending  in  yl,  those  of  the  univalent  radicals  being  formed  from  me- 
thane, ethene,  &c.,  by  changing  the  terminstlon  one  into  yl;  those  of  the 
trivalent  radicals  by  changing  the  final  e  in  the  names  of  the  MvmleBt 
radicals,  methene,  &c.,  into  yl;  and  similarly  for  the  rest.  The  nrnmei  of 
the  whole  series  will  therefore  be  as  follows:  — 

CH<     (CH,)'      (CH,)"      (CH)'^^ 
Methane  Methyl    Methene  Methenyl 


Ethyl 


Ethane     Ethyl 

C,H,    (C,H,)' 

Propane  Propyl 


Ethenyl 


(C,H,)'/ 
Ethene 
(C,H,)"  (C,H.)"' 
Propene  Propenyl 
&c. 


Etiiine 

(CsH,)- 


£t£iiiyl 

_  ,     (c,n,r  (c,H,r  C(iH)- 

Propine  Propmyl  Propone  ProponyL 
&c.  &c. 


From  these  hydrocarbon  radicals,  others  of  the  same  degree  of  equiva- 
lence may  be  derived  by  partial  or  total  replacement  of  the  hydrogen  by 
other  elements,  or  compound  radicals.  Thus  from  propyl,  C,Hf,  mi^  be 
derived  the  following  univalent  radicals:  — 


c.n^ci 

Chloropropyl 


c,n,(CN)' 

Cyanopropyl. 

C,Hg(CaHg)g 
Dicthylpropyl. 


CjIIjCl^  CjHjO  c,n  C1,0 

Tetrachloro-   Oxypropyl        Trichlor- 
propyl  oxypropyl 

C,H.(NO,)  C,H,(NH,)0  C,H.(CH,) 

Nitropropyl        Am  idoxy  propyl      Methylpropyl 

From  the  radicals  above  mentioned,  all  well-defined  organic  compounds 
may  be  supposed  to  be  formed  by  combination  and  substitution,  each  radical 
entering  into  combination,  just  like  an  elementary  body  of  the  same  degree 
of  equivalence. 

Organic  compounds  may  thus  be  arranged  in  the  following  classes : 

I.  Hydrocarbon*  containing  even  numbers  of  hydrogen  atonu. — These  are  the 
compounds  tabulated  on  page  467;  they  are  sometimes  regarded  as  hy- 
drides of  radicals  containing  uneven  numbers  of  hydrogen  atoms;  e.  g^i 

Methane,  CH^     =     CH,  .  H,  Methyl  hydride. 

II.  Haloid  Ethers. — Compounds  of  hydrocarbons  with  halogens ;  e.  g.i 

CELCl  CjH.Br,  0,H,Tg 

Methyl  chloride.        Ethene  bromide.        Propenyl  iodide. 

These  compounds  are  often  formed  by  direct  substitution  of  chlorine,  bro- 
mine, &e.,  for  hydrogen  in  hydrocarbons  containing  even  numbers  of  hydro- 
gen atoms. 

III.  Aleoholt.  —  Compounds  of  hydrocarbon  radicals  (hence  called  aUohol 
ra(&caU)f  with  hydroxyl ;  e.g.: 

(C,H,)''(HO),  (G,H.)'"(HO), 

Ethene  alcohol  Propenyl  alcohol 

(Glycol).  (Glycerin). 

These  compounds  may  be  formed  from  lYie  cott^«v^^^^'^%^'^^^^  ^vK^ts^  by 
the  Action  of  water  or  alkalies,  iuat  aa  m«\A\\i<4^"3^x«\fe^^"t^\vKftft\ltQia 
the  corresponding  chlorides,  &c. 


C,H,(HO) 
Ethyl  alcohoL 
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IV.   Oiypm  MthfTM,  or  Akoholie  Ozidu*  —  Compounda  of   hydrcMiarlMJii 
riMliciklfl  with  oxygon  ;  e.  g. : 


(CH.).0 
Kiiiyl 
oxide. 


(c,n,)"0 

Ethene 
oxide. 


(C,H.)"',0. 

Propeayl 
oxide. 


Theae  ethers  are  related  to  the  alcohols  in  tbe  game  manner  as  nnhjdrotia 
metallic  oxides  fo  tlie  corresponding  hydrutea  or  hj  dry  la  toy,  aud  may  bo 
formed,  in  many  iiislimces,  by  direct  dehydration  of  iho  alcohola^  fta  by  liio 
action  of  aulphuric  acid,  linc  chloride,  &c. 

V.  Sftlphur  and  Selaiium  Akohnh  nml  Efhert.  —  Compontids  analogous  in 
comfH>8itiim  to  the  oxygen  alcoliolH  and  ethcr^j,  the  oxypjeti  being  replaced 
hy  aulphnr  or  Koleuium.  The  sulphur  And  aelGJodum  aloohoUt  arv  also  tialled 
mereapiati9. 

VI.  JriV/  I/atiilei. — Compounds  of  oxygenated  radioala  (acid  radicals) 
with  chlorine,  bromine,  &lq.  ;   e.  ff.  : 


CjHaO.CI 

Acetyl 
chloride. 


(C,HA)"C1, 

Succinyl 
chloride.. 


Citrjl  chloride. 


Theiie  oom pounds  are  formed  by  the  action  of  the  chlorides,  bromidoi,  &c., 
of  phosphorus  on  the  compounds  of  the  next  chisa. 

VIL  Organic  Acids,  —  Compounda  of  oxygenated  radicals  with  hydroxyl; 

Acetic  acid.  i^uecmic  actd.  (Jitric  acid, 

These  compoiintla  are  formed  in  a  Tarioty  of  ways;  nmong  others,  by  oxi- 
dation of  alcoUuls,  and  by  the  ftctian  of  water  on  the  corrcBponding  acid 
haliiicrt,  juitt  bs  atcohol^  arc  formed  from  alcoholic  chlorides.  A  very  large 
number  of  them  exist  also  ready-formed  in  the  bodies  of  plants  and  ani- 

The  hydrogen  in  the  radical  of  these  acids  may  be  more  or  \pm  replaced 
by  chlorine,  bromine,  nitryl,  (NU*),  and  other  chlorous  radicals;  thus, 
from  henxoic  acid,  C,Hj.HO,  are  deriTed: 

C,H^C10 .  HO         CjHsi NOj)0 .  110        C,Frj(X H,)0 .  IIO 
Cliloroben£oio  Kilrohenzoio  Amidobmitoio 

acid.  acid.  acid. 

Tin.  Aeid  Oxidc^^  sometimes  called  Anhydrous  Aoidft,  or  AnhydridM; 

(c,H30),o         (C,nA)'^o         (c^n.otr^H.OjO 

Acetic  oxido.         Succiuic  oxide.       Acctobcuxoic  oxide. 

These  are  related  to  the  acida  in  the  same  manner  as  the  oxygen-others  to 
the  ulcohols,  and  are  formed  from  ihcm  in  some  instances  hy  direct  dehy- 
dration. 

IX.  Ethereal  Suits,  also  ealled  Compound  Ethers.  —  Compounds  formed 
from  acida  by  suhpfttution  of  alcuhul  rudknlj^  for  hydrogen,  just  h,s  metnl]ic 
Balla  are  produced  by  substitution  of  metals  for  the  hydrogen  in  acids ; 

^^'  C,H,0,.II  80^.  HH  PO^.IIHH 

Acetio  Sulphuric  I*W^\>\v(it\Q 
Acid*                       acid*  iSkC\4^ 
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C,IIA-C,IT, 


Sn,.(C,IT,)H 

so,  (r,n.). 

Dietliylic 


Mouctltvlic 
pbotjipbiitc. 

pbosphiirte. 
Trietiiylio 


They  Arc  pro<luced  in  many  cosos  by  beating  an  acid  or  the  correspondij); 
chloride  witli  au  akoLioL 

X.  Attifh/deM.  —  These  aire  compounds  mtermedi&le  between  mlooliob 

and  ikeida.     Tkus : 


C,IT,0 

Ethyl 

»lci>hoL 


CjH^O 
Ac«ii6 

aldehyde. 


c.nA 

Acetic 

acid. 


Thoy  nro  prodticcMt  by  oxidntion  of  akoholflf  and  are  reconTerted  into  %h§ 
latter  by  ihu  action  oV  nasoent  hydrogen.  By  further  oi^idaiioa  they  art 
converted  into  a^ids. 

XI,  K€{Qni»,  —  These  are  hodiefl  derired  from  aldehydei  by  llie  replant- 

ment  of  1  atom  of  hydrogen  by  an  alcohol  radicul;  e.^,: 

Acolic  ketone  or  Acetone,  r,n,p  =  C4H,(CH|)0, 

They  are  protlyced  by  the  dry  distmntion  of  the  eaichim  or  barium  iaIU 
of  mnnobiLtJtc  acidui  und  by  other  proce»sea  which  will  be  mentioned  ftir* 
iher  on. 

XII.  Amiftei,  aUo  eallod  Alcohal-hanetf  or  Compound  a mmonitu.^^ Com' 
ptnind*  of  j»lv!ohot  radicals  with  amidogen^  (NH,)',  iuidogcu,  (NH)",  and 
trivalent  uitrogun;  t.g, : 


Ethjlainino. 

(CA)".(H,N). 
Etucnc-djammc. 


Dietbylamiuc. 
Diothene-dinmine. 


Tncthjliuiitne. 
Tnothf|]o-diamin«, 


The  modes  of  formation  of  Ih^se  bodies  will  he  explained  hereailtr. 
They  are  mostly  of  bti^ic  eharactt.'r,  niid  capable  of  forming  i»Ua  «rtth 
acids,  like  ammonia,  H^N,  from  which  they  nmy,  in  fact,  be  deriretl  bjr 
Bub^tiluliou  of  alcohol  radicals  for  part  or  I  be  whole  of  the  hydrogen. 
Those  in  which  the  hydrogen  ia  wholly  thua  replaeed  are  calleil  mtntet: 
and  among  ih^n€s  special  mention  mui^t  be  itinde  of  a  group  conalMlng  of 
nitrogen  combined  with  a  trivalent  hydrocarbon  radical.  «uch  aa  — 


Methenyl 
nit  rile. 


Ethen^l 
nitrite* 


i'ropenyl 
nilrile. 


Theae  nltriles  hare  no  basic  properties,  but  are  all  neutral,  ezoepi  the 

first,  which  in  a  inonoba»io  acid,  capable  of  exchanging  ita  li\  '  f^r 

luetals,  mid  in  thiw  cJiiinicler  may  be  r«'garded  aj  a  compound  <  ,  n 

with  the  univalent  rndieal  cyanogen  —  C^N;  it  i*i  according!,; , -.  ™y- 

drm/m  ajnmdf^  or  h\fdrtyr%jm%\c  and^  and  Ihe  other  nitrilea  homologous  wilh 
it  are  the  ethers  of  ihia  acid-,  Uiuav 
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(CH)^''N  =  CN,  H.  Hydrogen  cyanide, 
Ethenyl  nit  rile,     {CjHjC^^'N  =  CN  .  CH,. 


r 

^m  Ethenyl  nitrile,     (CjH.C^^'N  =  CN  .  CH,.  MetUyl  cjanLde, 

■  Propenyl  nitrile,  (C,IJj)^"N  =  CN.CaHj,  FAhyl  cyftntdc. 

^"       Tlic  metaliic  cy&uidcs  bave  been  already  noticed  (p.  277), 

XIII.   Alcoholic    Ammonium-compounds. — CQEnpouncIs    contuiDitig    pcnt^id 

'        nitrogen^  and  having  the  compoHiiiiu!!  of  ammonium  salts  in  which  th«  hy^ 

drvgeii  ia  more  or  leas  replaced  by  ftleohol  radicals ;  i.g.  : 

N'(CjHj)  H-Cl  Ethy Ittm moniurn  chloride, 

.  N'(CjlJ5)^H.^Cl  Dicthjlammonium  cbloride^ 

N'(CjHj)j|HCl  Trietliylammonium  cldtiride^ 

N»(CjII^)^(]'l  Tel  rel  hy  him  moil  ium  chloride, 

NTtC,H5J^(II0)  Teircthylammouiimi  hydrykte 

Thifl  laat  corn  pound  and  it  a  analogues,  coiitaining  niethyU  amjl,  &c.,  are 
powerful  alkalies,  obtainable  in  the  solid  stale,  by  evaporation  of  their 
Aqueous  sclutions,  aa  ivhiie  delk|uesGeut  cryBtallitie  masses  reisembUug 
estutic  potash. 

Ihfl 


I 


m 


XIV.   Phoftphortu,  j4r*pLfn>,   and   Antimony   Compounds ^   analogous  to 
nitrogen  compounds  XIL  and  XIII. ;  e.  g. : 


Triethyl  piios- 
phiue, 

P'iCIIjj.Cl 
Tctramelhyl- 
phoijphotiium 

eblonde. 


Trielhyl 
art^me. 


As 


Me  t  by  1  *  I  r  ie  t  by  I  -ar- 


NaC.H, 
Sodiutn  ethide. 

Hg''(CIIa)C! 

Mercuric  chtoro- 

nietbido. 


sonium  chloride. 


Zn''(CTT,), 
Zinc  ethidc. 


Trie  thy  I 
Biibine. 

8b'(C,Hs\(nO) 

Tetretliyi-Bti- 

bonium  hy^drate. 


^XV.   Or^ano-tnfiaUic   bodies,   not   analogous   to   ammonia    or  ammonium 
Its.  —  Compounds  of  hydrocarbon  radicals  with  moaad,  dyad,  and  tclrad 


% 


Stannic  ethide. 


Sn^'{C,ri,)Cl, 

Stannic  cliloro- 

trie  t  hide. 


Bti'*(f'II,)A 

Stannic  diuicthyl 

di-iodide. 


XYl.  Amides,  — Compounds  exactly  analogous  to  the  amines,  but  with 
iteiU  radicals  instead  of  alcohol  radicals;  thoac  which  contain  bivalent  acid 
radicab  combined  with  imidogcn,  {]s\l)^\  are  eaUed  irnidos;  £. y.  ; 


Acetamido 

DiacetAinido 
Succinimidc 


C.rLO.HjN 

(Clf,U),,HN 

(0,11,1)^)''.  UN 


Succtnamide       (C^II^O, )^' ,  (H,N), 
Trisuecinamidc  (t^li^O^)/' ,  N''% 


^ 


p    XVH.   Amic  acuh  — Aci<ls  consisting  of  a  biviilent  or  irivalcut  acid  rad- 
ical combined  with  hydroxyl  and  wilh  amidogen;  e.ff**' 

Succinamic  acid  (^JI/)J)'^  00,  n^N 
Cilramic  acid*  (C^lIjOj^'MlO.  (IIN)'^. 

Each  of  the  clftfscs  of  carbon  compounds  above  enumerated  may  be  di- 
[dtMl  into  homolngoiis  and  isologoua  groups,  though  in  most  cases  the  series 
c  far  from  being  complete. 

*  Thi»  c&mffottatl  h  m^t  Mrtmllr  Juowa;  tmt  lt»  derlTaUY«,^\k«U7\-^U«m3K  «tiA,^^^M*<r  - 


i 
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The  proceding  clofisofl,  most  of  which  have  their  analogtieo  amongiit  if 
orgattic  tiompoyridii,  include  nearly  nil  artificially  prepared  orgAiiic  bodtv^ 
and  Lho  mitjorily  of  thoai*  produced  iu  the  living  organism.  There  an?  ftilJ 
however^  many  conipounds  formed  in  the  bodies  of  pliinta  and  animals^  th 
chetnifsal  r^-liitionji  uf  whiirh  are  not  yet  stifficieutly  well  made  out  lo  efiahli 
ua  to  olasslfy  them  with  eertuinty.  Such  is  I  he  cixev  with  many  vegctabli 
oils  and  renins,  wiib  must  of  the  jrilkulold^  or  basic  nitrogctuied  cotnpoundl 
fotind  in  ]jli*nt»,  such  a»  tnorphinc.  quinine,  »trychnints  &c-»  atid  sev^rS 
definite  compounds  formed  iu  the  animal  orgauinm,  as  albumin,  fibriflj 
ca^eiu^  and  gelatlu.  j 

Mfjffonal  Formula  of  Organk  Compound*  — It  tnuat  be  distinctly  andefi 
Btood  that  rhe  formulae  above  given  arc  not  the  only  ones  by  which  ihi 
coustilurion  of  the  several  classes  of  organic  compoundu  may  be  repr#^ 
seated.  Rational  fornnihu  are  intended  to  represent  the  mode  of  formatioJ 
And  dccomposilioD  of  compoundi^,  and  the  relation  which  allied  eompoandl 
bear  to  one  another:  hence,  if  a  compound  can,  under  varying  ctreuow 
stances,  split  up  into  different  atomic  groups  or  radicnK  or  if  it  can  ht 
formed  in  various  ways  by  the  comb inar ion  of  such  radicals,  different  nJ 
tional  formula  mu^t  be  tt!*signed  to  it.  This  point  ha«  been  already  notice! 
in  cuntieciion  with  the  conHtiBntion  of  metallic  ^a1t«i,  and  illustrated  e»p^ 
oially  in  the  case  of  the  sulphutc»  (p.  28!);  but  org&nio  compouudit,  wbieii| 
for  (be  roojit  part  contain  larger  numbera  of  atome,  and  are  thercfoi  " 
capable  of  division  into  a  greater  niicfiber  of  group?,  afford  much  moi 
abundant  illtxstralion  of  the  eame  principle.  Take,  for  example,  aceti 
acid,  the  molecular  formula  of  which  ia  C,H^Oj.  This  may  be  roaolved  ini 
the  following  rational  formula : 

1.  CjH.Oj.H, — This  formula,  analogous  to  that  of  hjdroithloric  ftci( 
CL  If ,  iudicateH  that  a  molecule  of  acetic  acid  can  give  up  one  atom  of  hjN 
drogeu  in  exchange  for  u  uuivulent  metal  or  alcohol-radical,  forming,  fdi 
example,  ftodium  acetate,  (\ll,0,,  Na,  ethyl  acetate,  CJl,l>,CjH|»  &e. ;  itial 
two  molecules  of  the  acid  may  give  up  two  hydrogen  atoms  in  exchange  U^ 
a  bivalent  metal  or  alcohol-radical,  forming  barium  acetate,  (C^HjOglgUa''^ 
ethcnc  acetate,  {(lA{fi^)^,[CJA^^^y  &c, ;  iu  other  worda,  that  »cetic  k  ' 
ISA  a  monobasic  ftcid  (p.  282). 

2.  CjHjO.HO.  —  This  formula,  analogous  to  that  of  water,  fl.HO,  eo 
responds  to  such  reactions  as  the  formation  of  acetic  acid  from   accti^ 
chloride  by  the  action  of  water ; 

C.HjO.Gl  -h  H.IIO  =  HCl  +  CjHjO.HO. 

3.  CjHjO ,  H .  0.  —  This  formula,  also  comparable  to  that  of  water»  HIT  .  0,,' 
correspouda  lo  the  conversion  of  acetic  acid  into  acetic  chloride,  liydr<H| 
chloric  acid,  and  phosphorus  oxychloride,  by  lho  aotio&  of  phoephoru^ 
peiitachloride ; 

cjf^o ,  H ,  o  +  PCI, ,  n,  =  c,n,o ,  ci  ^^  hci  +  pci^o? 

also  to  the  formation  of  thiacetic  acid,  C,H,0 .  H  .  S,  by  the  action  of  pho§« 

phorua  penta^ulphide  on  acetic  acid; 

G(r,ii,o ,  H .  o)  -f  r,s^  ^  5(0,11,0 .  h  .  s)  -f  p^o,. 

4.  (C^H,)'^^.  HO,  0,  — Tliifl  represents  the  formation  of  aicoiic  aotd  from 
cthcnyl  nilrile,  (C,II^)''''N,  by  heating  with  eauatio  alkalies : 

(C,H,)'"N  +  |{'\j;>  }  ^  NH,  +  (C,H,)^/^  O.  UO. 

Ethenyl  Water* 

nit  rile. 
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6,  (CHj.CO)  .  HO.  — This  formuk.   in  which  the  radical  acelyl,  f'jRjO, 

resolved  iDto  cftrbonyl,  (CO)'",   and  metbyU  ctirrespoDdft;  *i.  Tn  Ibede- 

*  eomposirioQ  ofttciMic  aeiJ  by  eleclrolysis,  in  which  hydroRffti  is  evcdvoil  nt  the 

positivG  pole,  while  ciirbon  dioxide  and  clhiLiits  C^Hg,  appear  at  Ibe  negative : 

^  *J(CO.Cir,.HO)     =    Hj     -f     C,H.    -f     2C0^ 

^M     0,  To  the  production  of  methane  (mursh  gas)  by  heating  potuSBium  ftoe- 

^Blftte  vrith  excess  of  polassiuiD  hjdratG  [p.  IfiD): 

H  CO.CHj.KO     +    HKO      =      CH^     +     (CO)'^.  (KO), 

^B  Potftsalum  iMsetAie.     Poiiissiuni       ^'^'  ™''  ' 

^B  hydrate. 


Methane. 


Potassium 
earbouate. 


y.  To  the  production  of  acetone  and  barmm  carbonate  by  tlie  dry  distil* 
on  of  barium  Acetate: 


(CO .  cn,), .  BaO,  =   (co)'^(Cfg,  + 

Barium  acetate.  Aceloae. 


(CO)''.BaOy 


Barium 
carbonate. 

Now,  on  compariDg  ibose  several  rational  formulae,  it  will  bo  fieen  tkat' 
they  are  all  inoluded  under  tlio  cous^iituiional  formula, 

H    0 


H 


— €— C— 0— H, 


edge  of 

OToombi 


which  Iho  molecule  h  resolved  into  its  component  atoms,  and  these  atoms 
TC  grouped,  an  lar  as  posaiblis  according  to  their  diffc-rtnt  oquitalcnces,  or 
combining  powers.  These  constitutional  forrnutu?  are  the  nearest  approach 
to  the  repreiientAtion  of  the  true  constitution  of  a  compound  that  our  kiiowl- 
of  ita  reactions  enables  uti  to  give;  but  the  student  cannot  too  care- 
l>e»r  Ld  mind  that  they  are  not  intended  to  repreppnt  tbe  actual  ar- 
__  enl  of  the  atomi  in  space,  but  only,  as  it  were,  their  rebttive  mode 
combination,  showing  which  atoma  are  combined  together  directly,  and 
which  only  indireclly,  that  ia,  through  the  oicdiiim  of  other».  Thus,  in  the 
fortimlaor  acetic  acid,  it  isi  seen  that  three  of  the  hydrogen  atoms  are  united 
directly  with  the  carbon,  while  the  fourth  is  ynited  to  it  only  through  (he 
medium  of  oxygen;  that  one  of  the  two  oxygen  aloms  i»  combiuetl  with 
carUon  alone,  the  other  both  with  carbon  and  with  hydrogen  ;  and  that  one 
of  the  carbon  atoms  la  combined  with  the  other  carbon  aiom  and  with  hy- 
drogen; the  second  with  carbon  and  with  oxygen.  Abundant  illustralion 
of  these  principles  will  bo  afforded  by  the  special  descriptions  of  organic 
compounds  in  the  follosving  pages, 

IfioarERrsM.  — Two  compounds  are  SAid  to  be  jsomeric  when  they  have  the 
same  empirical  formula  or  percentage  composition,  but  exhibit  different 
propertici*.  A  few  examples  of  isomerism  are  met  with  amongst  inorganic 
compounds;  but  they  arc  much  more  numerous  amongst  organic  or  c&rbon 
compounds. 

Isomeric  bodies  may  be  divided  into  two  principal  groups,  namely: 

A-  —  Those  which  have  the  same  molecular  weight;  and  these  are  sub- 
divided into: 

«.  iirrmcrif  hodfrjt,  Mrictly  so  called  ;  namely,  those  which  exhibit  analogous 
decompositions  and  traoiiformfiHoti^*  whi-n  heated  or  subjected  to  the  action 
of  the  same  rcngenls,  and  differ  only  in  ph^^sical  properties.     Such  is  the 
ease  with  ihe  votalile  oils  of  turpentine,  lemons,  juniper,  &c.,  all  of  which 
have  tbe  compoi«ifion  t^jpH^,  rrwembtc  each  olUet  c\osvi\^  \tv  \W\t  <i\v^\\\\tTftX 
reaetiotiff,  and  aro  dititiugui&hQd  cbiefly  by  tb^Vi  o4\)T  ikii\  V^i«&vt  ^i^'Cv'CkVL  vii^ 
pohrtMed  lighL 
40^ 


474  HYDBOGABBONS. 

0,  Metamerie  hodka^  which,  with  the  same  peroentag«  oompoaitioii  and 
molecular  weight,  exhibit  dissimilar  transformationa  under  sinular  circom- 
stances.  Thus  the  molecular  formula,  CJAfi^  represents  three  different 
bodies,  all  exhibiting  different  modes  of  decomposition  under  the  inflnenee 
of  caustic  alkalies,  vix.,  (1)  Propionic  acid,  CgH^O  OH,  which  is  conTcrted 
by  caustic  potash,  at  ortlinary  temperatures,  into  potassinm  propionate, 
C,H(0  .  OK.  —  (2)  Methyl  aceUte,  C,HgO .  OCH,,  a  neutral  liquid  not  acted 
upon  by  potash  at  common  temperatures,  bat  yielding,  when  heated  with 
it,  potassium  acetate  and  methyl  alcohol : 

CjHgp.OCHg  4-  OKH  =  C,H^.OK  +  CH,.OH. 

(3)  Ethyl  formate,  CHO .  OC,!!^,  conTcrted  in  like  manner,  by  beating 
with  potash,  into  potassium  formate,  CHO .  OK,  and  ethyl  alcohol,  C,H^Ofl. 

These  three  compounds  may  be  represented  by  the  following  oonstita* 
tional  formulsB,  the  dotted  lines  indicating  the  dlTiaion  into  radicals  indi- 
cated by  the  rational  formulas  above  giyen: 

H,C  •  HgC  •  H  •         H 

H,C  •  0=C— O— CH„     0=C— 0  — C— CHy 

0=C— 0— H,  •  .         H 

Propionic  acid.        Methyl  acetate.        Ethyl  formate. 

B. — Compounds  which  have  the  same  percentage  composition,  but  differ 
in  molecular  weight;  such  bodies  are  called  polymeric.  The  most  striking 
example  of  polymerism  is  exhibited  by  the  hydro-carbons  C,H^,  all  of 
which  are  multiples  of  the  lowest,  namely,  methene,  CH^  Another  exam- 
ple is  afforded  by  certain  natural  volatile  oils,  which  are  polymeric  with 
oil  of  turpentine,  and  have  the  formulas,  Cg^H,^  ^9o^'48<  ^^*  ^^^  polymeric 
compounds  exhibit  regular  gradations  of  boiling  point,  vapor-density,  and 
other  physical  characters  from  the  lowest  to  the  highest.  Some  are  chemi- 
cally isomeric,  exhibiting  analogous  transformations  under  similar  circum- 
stances, while  others  are  metamerie,  exhibiting  dissimilar  reactions  under 
given  circumstances. 
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FiBST  Series,  C,Hj.+,. — Paraffins.* 

This  series,  as  already  observed,  consists  of  saturated  hydrocarbons,  not 
capable  of  uniting  with  any  other  bodies,  simple  or  compound.  The  names 
and  formulae  of  the  first  six  are  given  in  the  table  on  page  467  ;  the  follow- 
ing terms  may  be  called,  stplane^  octane^  nonane,  decanfy  undecant,  dodecant^  &c. 

All  the  members  of  the  series  above  the  first,  CII4,  may  be  regarded  as 
derived  from  that  compound  by  replacement  of  one  of  the  hydrogen-atoms, 
by  a  univalent  hydrocarbon  radical  of  the  series  C.Hyt+i  (p>  '^66) ;  thus . 

Methane 

♦  ¥rom  parwn  aflnis,  f ndicatinR  their  chemical  Indifference.    Tlie  name  paraffin  ha»  long 
b^n  ttppJhd  fo  fho  wlic!  compounds  of  the  eerier,  on  nccount  of  this  chamrter:  and  many  of 
the  liquid  comp<mn<I«  of  the  same  terlwi  *t«»  \w\«^u  couwwwcWW^  >^*.  imxtoI^tx  t^d.    It  ia  con- 
renient,  rherefure,  to  employ  the  term  p««mn  ««  a  ««ttw\c  t»»,\i\*  fex  xw  Ni\xvA»*«T\y», 
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Ethane      C. 


!,H.  =  C{ 


CH. 


:,CH. 


Propane    C,H,  =  C  |  ^"^J  =  ^  |  ^H*^ 

Qiiartane  C,H,p  =  C  {  ^•^^  ==  C  |  ^^t^ A  =  C  {  CH,CH,CH, 

Oeeurrence  and  Formation. — Many  of  the  paraffins  occur  ready-formed  in 
American  petroleum  and  other  mineral  oils  of  similar  origin.  They  are 
formed  artificially  by  the  following  processes: 

1.  By  the  simultaneous  action  of  zinc  and  water  on  the  alcoholic  iodides 
(p.  468),  compounds  derived  from  these  same  hydrocarbons  by  the  substi- 
tution of  one  atom  of  iodine  for  hydrogen. 

This  reaction,  which  appears  to  be  applicable  to  the  formation  of  the 
whole  series  of  paraffins,  is  represented  by  the  general  equation : 

2C.H^4.jI  +  Zn,  +  20II,  =  ZnH,0,  +  Znl,  +  2C.H^+, 
Alcoholic        Zinc.    Water.       Zinc  Zinc       Paraffin, 

iodide.  hydrate,      iodide. 

As  an  example,  we  may  take  the  formation  of  ethane  from  ethyl  iodide : 

2C.H.I  +  Zn,  +  OH,  =  ZnH,0,  +  Znl,  +  2C,H, 
Ethyl  Ethane, 

iodide. 

2.  All  the  paraffins  may  be  produced  by  heating  the  alcoholic  iodides 
with  zinc  alone.  Generally  speaking,  however,  two  of  these  hydrocarbons 
are  obtained  together,  the  first  product  of  the  .reaction  being  a  paraffin 
containing  twice  as  many  carbon-atoms  as  the  alcoholic  iodide  employed ; 
and  this  compound  being  then  partly  resolved  into  the  paraffin  containing 
half  this  number  of  carbon-atoms  and  the  corresponding  define,  (C^  H^) ; 
thus: 


and, 
Generally : 


2C,H.I 

Ethyl 
iodide. 

C^H,a 
Quartane. 


4-    Zn 


Znl, 


+    C,H„ 
Quartane. 


Ethone.      Ethane. 


2C.H8,+iI     -f    Zn      =     Znl,     -f-    C,.H^+t 
and,  C».H^+,  »     C.H».  +    C.H».+r 

8.  By  the  electrolysis  of  the  fatty  acids  (C.  H^O,).  For  example,  a  solu- 
tion of  potassium  acetate,  divided  into  two  parts  by  a  porous  diaphragm, 
yields  pure  hydrogen,  together  with  potash,  at  the  negative  electrode,  and 
at  the  positive  electrode  (if  of  platinum)  a  mixture  of  carbon  dioxide  and 
ethane  gases : 

2C,H^0,    =    2C0j    +    C,H,    -f    Hj. 

We  may  suppose  that  the  two  molecules  of  acetic  acid  are  resolved  by  the 
current  into  H,  and  €411,04,  and  that  the  latter  then  splits  up  into  200,  and 
C,Hg.     The  general  reaction  is : 

2C.H^0,    =    2C0,    -f    C,^H4^     +    1^^. 

4.  Some  of  the  paraMnB  are  obtained  from  acida  ot  lYift  a«nft%^%^%S^i 


and  Cn  Hj^^jO^.  by  the  flcHon  of  olValicftt  which  (ib^trsict  carbon  dSoi 

tlioee  AC!ii]i«,  the  liyilrocarbon  thii«i  dimiii^tcd  containing  one  Atom  oft 
lena  than  the  aoi4  from  which  tt  is  produced: 

C.+,H^+,0,*=       CO,    -hC. 

In  thii  TTiftTK^r  mMbfinc  {mnr^h  gaa)  1«  obtained  hy  healing  potassium  tci 
with  eicoBH  (tf  polJbssitim  hydrnie  (p.  160); 

C,!IjO,K         +         OHK        =         COjK,         +         CH, 

Fota^iiiiim  Potai<sit]m  ratns^ium  3Jethane. 

acetate^  hydrate.  ciirb«nnte. 

Also,  ftcxtnnc  und  nctane,  by  similar  tre»tmrnt  of  Ihe  pot«asiiim  salts ^ 
Bubcrio  ucid,  'V'^jA^  ^^*^  scbucic  acid,  C,^n,pO^: 

<^ii".,fJ.K,        +        20nK        =        2C0,K,        +        C.H^ 
Biiberatc. 

»ebftle. 

Generally  «pcaking,  howpTfT,  a  further  decomposition  takc«  place,  rani 
iDg  in  Ihe  I'ormalioD  of  hydroearbona  containing  a  smaller  proportion  % 
hydrogen  than  (he  paraflins*  ^ 

5«  The  panifhiis  may  also  b«  produced  from  the  olcfinci^  C^I^i^l 
combining  ihe  latter  wiih  bromine,  and  heating  the  resulting  compouJM 
C^H^Bfj,  with  a  mixtiiri*  of  potat^^ium  iodide,  water,  and  metallic  cop^a 
The  brmniiie-coni|»ound  i«  tlien  decomposed,  and  iho  hydrocarbon,  C,  H 
is  |iurily  roproduced  in  the  free  state,  purlly  convcrtodt  by  the  addition  I 
hydrogen,  into  a  parafBn*  C„  H^+,,  ( 

0,  8evrral  id  the  paniffioa  are  produced  by  the  dry  or  destructiTe  di| 
tilhition  of  ljutyriitr>s  and  licctates. 

7.  They  ar*?  wbtt  found  amongeit  the  products  of  the  dry  distimiion  of 
eapeclnlly  Doght»ad  and  runnel  coal,  and.  as  alr<*ady  obaerrcd,  they  conj<J 
lute  the  prhieipal  portion  of  miiny  mineral  oils,  formed  by  the  gradu| 
decay  or  di^tfimjio^iiiou  *if  Tegotnble  mauler  beiH-ath  ihe  earlh'gi  r^urf^c* 

8.  Quintyl  alcohol,  or  amyl  alcohol,  *'sii|/l,  dislilled  with  linc  chloriil 
yichli*  qiiintane,  rsll,^  and  several  of  it»  homolngnes,  logolhcr  wili 
olehnes  and  other  hydrocarbons  conuklnlng  BiiU  smaller  proportions  of  h] 
drogen^ 

K.  Methane,  or  ma  rub  gas,  CH^,  the  flmt  term  of  the  series,  is  prodnoi 
Byniheticnlly  by  passing  a  mixture  of  hydrogen  sulphide  and  vapor  i 
carhon  bisulphide  t*ver  red-hoi  copper.  The  copper  abj*lracts  the  sulphi 
from  Imth  compounda^  and  the  carbon  and  hydrogen  thus  Itberaicd  unite ( 
form  mardh  gas : — 

CS,     +     2n/l     ^    Cu^    ^     4CnS     ^    CJl^. 

Proptrii$9  and  Rfntiiom  of  the  Para^nM, — The  propertiee  of  methane 
been  already  described  (p.  llitl).  Of  the  other  paraffins,  ethane,  propanj 
and  quariane  are  gaseouii  at  ordinary  tempera! urcfl ;  nioitt  of  the  othei 
are  liquids  regularly  increasing  in  ttpeoifio  grfivity,  viscidity,  bus'  nl 

and  vapor  density,  as  their  molecular  weiglil  bcciomcH  greater 
tainiug  liO  carbon   atoms  or  more  are  crystalline  solids*     Th<    ,.^*,  ,, .i^ 
table  e5thibils  I  he  Fpeeific  gravilies  nnd  boiling 
tained  from  American  petroleum  :f — 

•  Bf  iriiTMHtiiUtia  t»f  fi  +t  *nT  «,  Kh»  frtrmnVv  r*Wt«f>*  V^wcwn^ 
ttltutUm  of  H^'I  for  «,  Ih*'  firmn^ii  C,»Vt'>-i^v^\.  t-'»*s^^i*A\TiU.' 


points  of  the  paraffins  oil 
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Naintt. 

FormulfL. 

BoUlng  point 

flfNsclflc  gnivity 

of  tiijuid. 

of  VMtKi^r  hy- 

KtbUM 

QiiiirtHti« 
QutntAno 

,          firptane 
QolDidecftii* 

t«tii|roraltirai. 

■i  mm  nlK^ve  0° 

3t»°  C.                BflP  F. 

Q^j_fl40   «      198— a)l®« 

lae^UTSO  '*      277—280^  '* 
1 60— 1 6.F  "      3li0— ^m**  " 
IftO— 1S4°  "      36lt— 3ft.")o  ** 
19fr-'J(Kl°  "      384-3W2C  *' 
2l6^,;i&=  ••      421— 42it«'  ** 
23<\^2i(P  «      i6«— !«<»  *• 
25a— 2ti(>>  **      491^&00«>  " 

lym  %t  ^C.    52°  F. 
o*«4ig  «  iflp  "    eio  ** 

ih720  •*  13°  **     !t9^  '» 
(l'7S7  "  1A°  -     fiyo  " 

0  7Cis "  !«<'  **    ei** " 

0-77*)  '*  20«  "     esp  '* 

16 

22 
2» 
SO 
43 
50 
67 
114 
Tl 
78 
86 
03 
OQ 
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Americfia  pefrolcum  likewise  fields  &  (|uaiiMtj  of  liquid  boilmg  &boT0 
800^  C,  { *»72°  r  ),  iitid  tloubLless  coiitnining  paraffins  of  Htill  higher  order. 
Some  »ppciui(?na  of  the  crude  oil,  ns  it  U^uca  from  the  grouud,  contain 
ethane,  C^Hj,  and  propane,  CjHg.  which  are  giveti  ufF  from  it  a»  gas  at  or* 
dinar  J  tempertttures.  In  boring  for  the  oil  alRfi,  large  (|Uiintiii.eH  of  ga« 
escape,  exhibiting  th©  ehuraeti^rs  of  roelhtine;  hence  ii  in  pvohiible  Uml  in 
the  great  geological  changes  which  have  givi>n  rise  to  the  reparation  of  J 
the  petroleum,  the  wbole  series  of  paraffins  have  been  formed  from  murah  I 
upwards. 

Solid  paraffin  in  a  eolorle^i  cryatallitto  fatty  substance,  probably  o on sIbI- 

g  of  ft  mixture  of  several  i»f  the  higher  members  of  I  he  serica  C,  ''jn+r 

ia  found  native  in  (he  coal-measures,  and  other  bifuminoua  strata,  cou- 

tuting  the  minerals  knowti  as./<*«i/  wttx^  azoccritf,  hoithfUin,  &e.   It  exists 

10  in  the  .«ta(e  of  soliiiion  in  many  kinds  of  petroleum,  and  maybe  sepn- 

ted  by  distilling  off  the  more  Tolattle  portions,  and  exposing  I  he  renjain- 

r  to  ft  low  temperature.     In  a  similar  manner  also  may  BoUd  paraffin  bo 

tatned  from  the  tar  of  wood,  eoal,  and   bituminous  shale.     It  was  first 

cpnred  by  Reichenhach   from  wood-tar,     it  is  tasteless  and  inndoroiia, 

aoliihle  in  water*  slighlly  aoluble  in  aleohol,  freely  in  ether,  and  miseiblo 

Sill  proportions,  when  melted,  with  fixed  or  volatile  oils.     It  burns  with 

%  Tcry  bright  flnnte,  and   those  Yarieties  of  it  which   melt  at  temperatures 

above  45**  C.  (11^**  F.)  arc  very  hard,  and  well  adapted  for  making  caiidlei. 

Paraffin  \n  largely  used  also  as  a  substitute  for  sulphur  fnr  dipping  matches; 

And  Dr  ^tenhuiiae  has  patented  its  application  to  woollen  cloths,  to  increase 

~  eir  strength  and  make  them  waterproof.     More  extensivct  however,  are 

«  uses  of  the  liquid  compounds  of  the  paraffin  series,  known  in  commerce 

pftrftj^n  oil.  photo'frne,  folar  oil,  rupionr,  kc.     These  oils  are  largely  used 

ir  hiirning  in  lamps;  and*  when  mixed  with  fntty  oilj*,  such  as  rupo  ond 

"«ot Ion-seed  oils,  form  excellent  material  for  lubricating  machinery.     For 

the  former  purpose  I  hey  are  exceedingly  well  adapted,  af?,  with  a  proper 

supply  of  QiTf  they  give  a  much  brighter  light  than   that   obt&ined    from 

"  tiy  oils  containing  oxygen,  and  are  much  cleaner  in  use. 

It  IB  necessary  lo  observe,  however^  that  nattirat  petroleum  and  the  oils 
tained  by  the  dt*y  dislillution  of  coaU  &c.,  at  low  temperatures,  are  mix- 
res  of  a  great  number  of  parafGns  differing  greatly  in  volnlility,  an<i  that 
render  them  fafe  for  burning  in  lamps  of  ordinur^  efn\%VY\\«j\\ctw,  VN\^ 
must  be  freed  hj  iUftiUatmn  from  the  tiiore  vo\ul\\e  ii\em\ieT»  o^  V\\<a%^T\%*\ 
erwise  tJtejr  wiU  tuke  JSre  too  easily,  and,  whcik  t\\<i^  bttomiaVt^A*^^''*'^ 


gWe  off  btgbljr  in^ammable  Tapors,  wbtch,  mixing  wiili  the  air  in  tht 
of  tlio  liimp,  may  etiaily  produce  ilaugerouslj  eiplosiTe  mixture?;  M?ri 
aeokicnts  liave  indeetl  arisen  from  this  cause.     It  has  been  found  bjr  eip^ 
ricnce  that  it  is  uot  sufe  lo  use  a  parnflin  oil  whicb  will  titkr  fiir  on  tH 
applicaliou  of  a  miitcL  and  burn  coDttnuouHljr,  at  a  temperature  below  J/i 
C.  (100^=^  F.).  j 

Subititulion-produeU  of  the  Paraffim.  — Parafl&ns  subjected  to  the  aetiond 
hrommf  or  chlorine^  give  up  a  part,  or  in  Home  caries  the  whole  of  their  Ikj 
drogen   in  exchange  for  the  hulogen   elmiient,     Tbu^   equal   Tolutnes  oj 
cUlurine  and  meihune,  ^"H^,  exposed   Uy  diffused  dajlij^bt,  jield  the  e<M| 
pound  ('HjCl,  called  cbloromcibano   or  melbyl   chloride;    and,  by  furthi' 
subjecting  thi^  product  to  the  actioti  of  an  excess  of  chlorine  in  direel  si 
shine,  it  mny  be  successively  c (inverted   into  the  more   highly  ehlarinal 
compoiindfi  CKjCl,,  CHCI3,  and  V.C\     Elbane»  C,!!,,  Jilno  yields,  by  asei 
of  processes  to  be   hereafter   described,  the   subalilution-products  C^l" 
CjH^Cl,.  CjlljCI,.  C..H/l^,  C  Ht  Ij.   and   l\(\i  and    s-iniilarly  for   I  he  oil 
compounda  of  the  series^,      Tbeye  bodies,  ^vhicb   may  be   reparded  as 
pouiiila  of  chlorine  and  other  halogen   elements  with   the  radicals   (CllJ^ 
\i^\\^Y\  (CJI)^^',  &e.,  are  called  haluvi  tthrrn ;  the  more  imjwrtanl  of  thd 
win  be  specially  described  in  connection  with  the  corresponding  alcohol 
Wbeu   treated  with  water   or   aqueous  alkalies,  ibey  exchange   the   hal«( 
element  for  an  equivalent  quantity  of  hydro xyl,  (HO J,  thereby  prodndl 
ulcobols  (p.  408);  and,  on  the   oilier  hand,  they  mny  l>e  formed  from  ll 
alcohols  by  the  action  of  the  chlorides,  bromideSi  ftnd  iodidea  of  hydrogii 
or  pbospbonta.  ' 

AjYric /ictJ  attflckH  the  bij?her  members  of  the  paraffin  seHes,  form!] 
nitro-comptmmU ;  octane,  *'gll|j.  thun  treated,  yields  the  compound,  r,H 
(NO,),  The  lower  paraffins,  on  the  cither  band,  are  not  affected  in  tl 
Bligbtcst  dej^rcc  by  nitric  acid*  but  by  indirect  means  compounds  may  1 
formed,  having  the  composition  of  paraflSos,  in  which  the  hydrogen  : 
more  or  lesst  replaced  by  nitryl;  for  example,  irinitromeihant  or  mtrofon 

cn(No,v 

homrriim  in  (he  ParaJ^n  ttrrifji.  —  It  han  already  been  mentioned  that  1^ 
hydrocarbons  are  someLimes  regarded  as  hydrates  of  the  univalent  alooht 
rndieab  C^llj^  f|,  —  tncthatie,  for  example,  as  metbylhydride,  11  ,  CHJ 
ethane  as  eiliyl  bydridi>,  H  .  CJIj,  Thia  view  of  their  constitution  is  fu| 
Rested  by  tlieir  formation  by  the  action  of  water  on  the  fine  oompoiindd 
the  same  radicals  ;   e«  y. : 


Zinc  methyl. 


+      20H^      ^      ZnUp,      -f      2(IT.r!I,); 
Water.        Zinc  hydrate.      Methyl  hydride. 


in  el 


and  by  the  facility  with  which  they  give  up  ono  atom  of  hydrogen 
change  for  chlorine  and  bromine,  whereas  the  replacement  of  the 
log  bydrogen-atoms  is  mueh  more  difbcuU.  On  I  he  other  hund,  all  thei 
hydrnerirbons,  except  met  banc,  may  be  regarded  as  eomponnds  of  tif 
equivalcntii  or  half -molecules  of  alcohol  radicals  C.HjptHf-,,  Ibus; 


Ethane, 
rropano* 
QuarLaue, 


Elhjl  hjdriJe. 
Propyl  hydride. 


H  o.n. 

Qimrlyl 
hydride 


Diethyl 


cn, .  en,, 

Pimctbyb 

Methyl -ethyl 

or      Cn.r^Hp 
Methyl- 

propyl 


4 


This  latter  vievr  ftppoar«  io  aeQord  ^UV  V\i«\s  {tKtm&ilon  by  the  aotion  i 
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lino  on  the  iodides  of  the  alcohol  radicals,  which  is  similar  to  that  of  hydro- 
gen by  the  action  of  xino  on  hydriodic  acid ;  thus : 

Zn         +         2HI         =         Znl.         +         HH, 

Hydrogen  Zinc  iooide.  Hydrogen, 

iodide. 

Zn         +         2C,H,I        =         Znl,         +         C.Hg.C-H. 
Ethyl  iodide.  Diethyl 

Zn      +      CH,I      +      C,H,I     =     Znl,     +      CH^.C-H., 
Methyl  Ethyl  Methyl- 

iodide,  iodide.  ethyl. 

The  first  three  hydrocarbons  of  the  series,  howeyer,  yix.,  CH^,  C,He,  C^Hg, 
exhibit  exactly  the  same  physical  and  chemical  properties  in  whatever  .way 
they  niay  be  prepared;  and  indeed  the  constitutional  formuke  of  these 
bodies,  vix. 

CH, 
CH,  I 

CH.  I  c5h, 

CHg 


CH, 


ahow  that  they  are  not  susceptible  of  isomeric  modification^  inasmuch  as 
there  is  but  one  way  in  which  the  carbon-atoms  in  either  of  them  can  be 
grouped :  in  ethane  each  carbon-atom  is  directly  combined  with  three  hy- 
drogen-atoms and  the  other  carbon-atom ;  and  whether  we  regard  it  as 
CHg 

ethyl  hydride,  H — CH,,  or  as  dimethyl,  HgC — CHg,  this  arrangement  re- 
mains the  same.  In  propane,  CgH,,  each  carbon-atom  is  directly  combined 
with  at  most  two  other  carbon-atoms,  and  there  is  no  other  way  in  which 
the  atoms  can  be  arranged. 

But  if  we  look  at  the  formula  of  the  4-carbon  parafiin,  Cfi^  we  see  that 
U  may  be  written  in  either  of  the  following  forms : 

CHg  H,C    CH, 

k  V 

I  CH 

CH,  I 

CHg 

in  the  first  of  which,  neither  of  the  carbon-atoms  is  directly  united  with 
more  than  two  others,  whereas  in  the  third,  one  of  the  carbon-atoms  is 
directly  combined  with  three  others.  The  first  may  be  represented,  either 
as  propyl-mtthane,  C  |  CH,CH,CH,  ^  ^j^  CH,C,H,  ^  ^  |  C,H,^  ^^  ^^  ^.^ 

thylj  HgC, .  C,Hg,  according  to  the  manner  in  which  we  may  suppose  it  to 
be  divided ;  the  second  as  trinuthyl  methane,  C  <  '  jr  '  ^  or  uopropyl  methane^ 

C  {  H^  ^      •^'f  tlie  radical  CH(CHg),  being  called  iaopropyl,  to  distinguish 

it  from  normal  propyl,  CH,(C,Hg). 

From  recent  observations  *  it  appears  that  all  hydrocarbons  of  known 

structure  may  be  divided  into  four  groups,  Tix. :  \.  TVio^^  Va  v«\v\^  ^"mJvv 

eBrboD-atom  is  directly  associated  with  at  most  tvro  o\\i%T  ^«Lx\wi;tL-^VQ,va». 

^  Thoae  in  which  one  oarbon-atom  is  assooimied  viiVi  tViT««  «ax\Mii3L-^V^\&»^ 

♦  Bcborlemmer,  Proceeding  of  the  Boyid  8ocl«t;f>xx\.^,;M5l. 
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or  which  oonUin  the  group  isopropyl  ono6.  8.  Those  which  contain  thii  iroQp 

twice,  such  m  di-isopropjl,  or  tetramethyl-ethmne,  CgH|4  s=  ^iloin?!^ 

produced  br  the  action  of  line  on  iaopropyl  iodide;  Uiia  componnd  bu^jm 
represented  hy  the  constitutional  formula : 


ILC^     H     H  ^^H, 


4.  Those  in  which  one  carbon-atom  is  associated  with  foor  others,  as  in 
dimethjl-diethyl-methane,  or  carbdimethyl-diethyl,  C|  >^^'9  ^aoompooBd 
produced  by  the  action  of  sine-ethyl,  Zn(C,Hj2,  on  dimethyl-diohlorosM- 
thane,  C  |  ^^i  '^'>  the  trausformaUon  being  effected  by  tha  substitalion  ef 
2  atoms  of  ethyl  for  2  atoms  of  chlorine : 


Dixnethyl-dicbloro-methane. 

a 


Dimethyl-diethyl-metliMie. 

GUa 


H,C— C— CH, 


CI 


H,C— C 
CH, 


!— CH. 


The  paraffins  of  each  of  these  groups  exhibit  a  regular  increase  in  boil- 
ing point  as  tbey  ascend  in  the  series  by  successire  addition  of  CH^  and 
the  boiling  point  of  a  paraffin  containing  a  given  number  of  carbon-atoms, 
is  found  to  be  lower  in  proportion  as  its  structure  is  more  complex.  In 
the  tirnt  and  second  groups  the  difiference  of  boiling  point,  for  each  incre- 
ment of  CHy  is  about  81<^  C.  (56^  F.),  whereas  in  the  third  it  is  only  2d^ 
C.  (45»  F.). 


Second  Seribs,  CqH,.. — Olefines. 

The  hydrocarbons  of  tbis  scries  are  polymeric,  as  well  as  homologous 
with  one  another,  inanmuch  as  their  formultu  are  all  exact  multiples  of 
that  of  the  lowest  Clf,.  The  lower  members  of  the  scries  are  gaseous  at 
ordintry  temperatures,  the  higher  members  arc  solid,  and  the  intermediate 
compounds  liquid.  The  names  snd  forniulu)  of  the  known  members  of 
the  define  series  are  given  in  the  following  table,  together  with  their 
melting  and  boiling  points: 


j 

Mcltiug  point. 

BoiUng  point. 

£Ult«4» 

or 

E/tUr\<^a» 

C^H^ 

I'mpi-im 

u 

Ptxii1i>l(.'ii» 

<<jlU 

_ 

— 17-80     C.      140         F. 

QtlMTli'llO 

Id 

JiulyJeun 

c^n, 

_ 

+ao         *»       37-4        - 

Uiiiiili'Uv 

« 

Aiu)r1^n(7 

cvii,. 

_ 

350         "       95           " 

i^^lino 

u 

IIei]fU>u# 

CiHti      1 

_ 

68-70°  "      1&4-158    " 

erpti-tia 

H 

IlMpf>U"ti» 

^!te 

_ 

960         «      2030 

IlitHie 

U 

CX-tjU'iie 

— 

llft-117«>"      2;»-242<»" 

hi*ftfm 

u 

Noii>1friio 

'& 

— 

140°         "      2840         « 

JMtX'tw 

M 

FarMtijU-M 

_ 

IQQO          u      320O           •• 

Si'X'U'^fne 

U 

ei-letio 

^X<^M 

— 

\  Ti'o^       »*    wr»^ 

St'pririigiatitm 
TriifJntvnii 

C(fru!WS» 
Mdean 

^ 

\    WOO,   \»Pt. 

\  §i«»  <y>  **  W^  ^^  '^ 
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Met  bene,  CH,,  the  lowest  term  of  the  series,  does  not  appear  to  be  ca- 
pable of  existing  in  the  separate  state ;  but  its  oxygen  analogue,  carbon 
monoxide  or  carbonyl,  CO,  is  a  well-known  compound,  which  has  been  al- 
ready described  (p.  168j. 

Formation  of  the  Olefinet.  —  1.  By  abstraction  of  the  elements  of  water 
from  the  alcohols  of  the  series  Cnlly^  -f-jO,  homologous  with  common  alcohol, 
under  the  influence  of  powerful  dehydrating  agents,  such  as  oil  of  yitriol, 
phosphoric  oxide,  or  zinc  chloride;  thus: 

CjHeO     —      OH,      =      C,H^ 
Ethyl  alcohol.       Water.  Ethene. 

The  preparation  of  ethene,  or  defiant  gas,  by  heating  common  alcohol 
with  oil  of  vitriol,  has  been  already  described  (p.  169).  Quintyl,  or  amyl 
alcohol,  CjHijO,  distilled  with  zinc  chloride,  yields  —  besides  the  corre- 
sponding oletine,  <}uintene  or  amylene,  C|H,g — a  number  of  others  poly- 
meric with  it;  besides  quintane,  C^H,,  and  its  homologues,  and  hydrocar- 
bons containing  a  smaller  proportion  of  hydrogens  than  the  defines. 

2.  By  passing  the  vapors  of  the  haloid  compounds  of  the  monad  radicals, 
C.Uy.-}.,,  over  lime  at  a  dull  red  heat;  «.y. .* 

2C5n„Cl    +     CaO    =    CaCl,    +    OH,    +     SC^H,, 
Quintyl  Lime.        Calcium        Water.       Quintene. 

chloride.  chloride. 

8.  By  the  decomposition  of  the  paraffins  at  the  moment  of  their  forma- 
tion by  the  action  of  zinc  or  sodium  on  the  alcoholic  iodides  of  the  monad 
alcohol-radicals  C.  H,.^,  (see  p.  475). 

4.  By  the  action  of  these  same  iodides  on  the  sodium  compounds  of  the 
same  radicals;  for  example: 


C,H.I 

+ 

C,HpNa 

=      Nal      +      C,H^ 

Ethane. 

Ethyl 

Sodium 

Sodium          Ethene. 

iodide. 

ethyl. 

iodide. 

5.  By  decomposition  of  the  hydrates  of  ammonium  bases  containing  four 
atoms  of  a  monad  alcohol-radical  (p.  471),  these  compounds  when  heated 
splitting  up  into  a  tertiary  monamine  (p.  470)  and  an  define;  thus: 

N(C,H.),(HO)    =    N(C,H.),     +     OH,     +    CJT, 
Tetrethylammo-  Triethyl-  Water.         Ethene. 

nium  hydrate.  ammine. 

6.  Olefines  are  formed  by  the  decomposition  of  acetates  and  bntyrates 
at  a  red  heat,  distilling  over  together  with  several  other  products,  from 
which  they  are  separated  by  combining  them  with  bromine,  and  heating 
the  resulting  bromine-compounds,  C.H^Br,,to  275^  C.  (527^  F.),  with  cop- 
per, water,  and  potassium  iodide.  In  this  manner  Berthelot  has  obtjilned 
ethene,  propene,  quartene,  and  quintene. 

7.  Several  of  the  olefines  may  be  produced  by  direct  synthesis  from  other 
hydrocarbons  of  simpler  constitution. 

«.  Ethene  is  formed  by  the  action  of  nascent  hydrogen  upon  ethine  or 
acetylene  (p.  484) : 

C,H,    -f    H,    =:    CjH^ 
Ethine.  Ethene. 

0.  Propene,  C,H^  is  formed  by  passing  a  mixture  of  methane  and  carbon 
monoxide  (oxymethene)  through  a  red-hot  tube  : 

2CH^        +        CO        r:^        OH^        -V         ^^v 
AJgo  bx  the  Bctioa  of  meihenyl  chloride  (cHoTotoTm^  on  iNx^*^  ^Xib^^^''. 
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y,  Quintene,  or  amjlenc,  C^n,^  or  b  ooinpoufi<1  isomeric  vrilh  ii,  ib  for 
bj  the  action  of  tine  ettiiile  oa  propenyl  (ilUjI)  iodide; 

i,  Sextetie,  or  hcxylene,  CgH,y  ia  obtnined  in  combinftitao  willi  bjdn« 
Acid  by  the  aeiion  of  that  acid  on  mAnniie,  wbicb  is  %  augar  ItATing  t 
composition  of  a  hexatomic  alcohol: 

CiH,(HO),  -h  imi  =^  eOH,  -f  ^I,  -f  C,H„  .  HI; 

Mantiite.  Svxtene 

bjdrtodide, 

and  ibis  hjdriodide,  beated  witb  poUssiiim  bjdxmte,  jielda  the  bjdro* 
CiU'bon : 


C,H.,.HI  + 


OKH      =    KI        +     OH^  +  C^n^ 

Quartcne,  or  butjrlene*  ^^^i*  **  obtained  by  prfcisely  similar  resell 


from  erytbrite,  whtoh  ia  aldo  a  »ac€bariQ«  subslauce  hariuglbe  eompositi 
of  a  ietratomio  alcohol,  C\H,(ll€),. 

Ji^actiom,^-}*  The  okftueif  arc  dyad  radicals,  uniting  witb  Z  mtoms  ftf 
chlorine^  bromine,  &c,,  and  with  one  atom  of  oxjgeii, 

2,  The  chlorides,  bromideSt  and  other  haloid  compounds  of  the  olefinev, 
treatdl  with  an  alcoholic  solution  of  polash,  give  up  one  atom  of  hydrogen 
and  one  atom  of  the  haloid  element^  yielding  an  olefine  in  which  one  utoiii 
of  hydrogen  is  replaced  by  chlorine,  bromiu«,  &c.,  togetber  witb  wOer 
and  a  baloid  £alt  of  polatfsium ;  thus : 

C^H^Br,  -f  OKH  ^  KBr  4-  OH,  -h  C^,Br, 
£thcu«  bromide^  Bromethene. 

The  resulting  chlortnatedt  brominaled,  or  iodated  conir»^iiT^'i  •^nn,  i^  lu 
turn,  take  up  2  atoms  of  chlorine,  bromine,  or  iodine,  foriE  ,  which 

can  likifwise  give  up  hydrochloric,  hydrobromic^  or  hydi  t,  under 

iho  influence  of  alcoholic  potash;  the  body  thus  formed  can  agniu  lake  up 
2  ntoms  of  chlorine,  bromitie,  or  iodtue;  then  give  up  HCl,  HBr,  or  HI; 
and  thus,  by  a  series  of  perfectly  similar  reactions,  we  at  length  arrm  al 
bodies  consintiog  of  the  primiiive  olefiue  with  all  its  hydrogen  replaced  by 
chlorine,  bromine,  or  iodine,  and  the  dicblorides,  dibromide«,  ftnd  di-iodtdbl 
of  the^e  last-mciiiioned  bodies:  thus,  from  elbenc  may  be  derived  Lbe  liro 
following  scries  of  bromiuated  compounds : — 


Ethene  *  .  . 
Broraetheuc  • 
IHbromi^lhone 
TribroiiJOiht*ne 


C,H, 
t\ll,Br 

CjFllir, 


Tetrubromcthene    C-Ur. 


Gthenc  bromide     ,     .     - 
Bromcthene  bromide 
Dibrometheuc  bromide  . 
Tribrometbene  bromide 
Totrabrometbene  bromide 


CjII^Br- 
C,ll,Br   .Br, 
CJLBr.  .  Br, 
C^HBr,  .  Br, 
C^Br^      .  Br, 


These  compounds  will  be  more  particularly  described  in  connection  witb 
the  corre!§poiiding  aleobols, 

it.  A  monochlorinated  or  monobrominated  oleftne  may  give  up  Ibe  atom 
of  chlorine  or  bromine  which  it  contaius.  in  the  form  of  hydrochloric  or 
bydrobromic  acid,  whereby  it  ia  reduced  lo  a  hydrocarbon  of  the  following 
series,  C^H^,..^.  This  reaction  may  take  place  at  i:iO<>— 15(F  C.  {'Z^^^^ 
3()2  F.),  under  the  indtieriee  of  alcoholic  potash,  or,  better,  of  »odium  etiol- 
ate (obtained  by  dissolving  sodium  in  anhydrous  alcohol);  thus; 

C,H,Br  +  C.ILNaO  =  NaBr  4  C,If  j'HO)  ^  CJ\^ 
Brometbene.     Sodium       Sodium         Einyl  Etuineu 

«ib^\ai«.    \>Tomi<k«^     kV&u^qI. 
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4.  Ethene  bromide  and  its  homologues,  treated  with  siWer  acetate  or 
potassium  acetate,  exchange  their  bromine  for  an  equiyalent  quantity  of 
the  halogenio  residue  of  the  acetate,  C^H^O,  (p.  472),  giving  rise  to  di- 
atomic acetic  ethers ;  thus : 

(C,H.)"Br,  +  2C,H,0,K  =  2KBr  +  (C,H«)"(C,H,0,),; 
Ethene  Potassium  Potassium  Ethene 

bromide.  acetate,      bromide.  diacetate. 

and  these  ethers,  distilled  with  a  caustic  alkali,  yield  diatomic  alcohols  or 
glycols;  for  example: 

(C,H4)'0C,HsO,),  +  20HK  =  2C,H,0,K  +  (C,H,)^'(OH)r 

Ethene  Potassium  Ethene 

diacetate.  acetate.  alcohoL 

6.  The  bromides,  C.Ht.Bry  heated  to  275°  C.  (527°  F.)  with  a  mixture  of 
potassium  iodide,  copper,  and  water,  give  up  their  bromine  and  reproduce 
the  original  define,  together  with  other  hydrocarbons  (p.  476). 

6.  Some  defines,  when  briskly  shaken  up  with  strong  snlphurie  acid, 
unite  with  it,  forming  acid  ethers  of  sulphuric  acid,  which  contain  the 
monatomic  alcoholic  radicals  corresponding  to  the  defines;  thus: 

C,H^        +        SO^n,        =         SO^.C.H^.H; 
Ethene.  Sulphuric  acid.      Ethyl-sulpiiuric  acid. 

and  these  acid  ethers  distilled  with  water  reproduce  sulphuric  acid,  and 
the  monatomic  alcohol  corresponding  to  the  define  : 

SO^.CjH^H  +         H(OH)     =    SO4H,        +        CjHjCOIT). 

Ethyl-sulpburic  acid.  Water.  Ethyl  alcohol. 

With  fuming  sulphuric  acid  (which  contains  sulphuric  oxide  in  solution) 
the  defines  yield  sulpho-acids  which  are  isomeric  with  the  preceding,  but 
are  not  decomposed  by  water,  with  formation  of  an  alcohol. 

7.  Olefines  unite  with  hydrochloric,  hydrobromic,  and  hydriodio  acids; 
and  the  resultiug*  compounds  treated  with  silver  oxide  in  presence  of  water, 
give  rise  to  two  different  reactions  which  go  on  simultaneously,  one  part 
of  the  compound  exchanging  its  halogen  element  for  hydroxyl,  and  thereby 
producing  an  alcohol,  while  another  portion  gives  up  hydrochloric,  hy- 
drobromic, or  hydriodic  acid,  reproducing  the  original  define: 

2(CeH„.HI)     4-  OAg,    +     OH,    »     2AgI    +    2C^H,.0 

Hexylene  Hexjrl 

hydriodide.  alcohol. 

2(C,H,.in)      +  OAg,    «     2AgI    +    OH,,     +      2C,H,. 

Hexylene  hydriodide.  Hexylene. 

The  greater  number  of  the  defines  are  not  of  sufficient  importance  to 
require  special  description  in  this  work.  Ethene  has  been  already  de- 
scribed (p.  170).  Quintene,  or  amylene,  and  a  few  others  will  be  noticed 
in  connection  with  the  corresponding  alcohols. 

Itomerum  in  the  Olefine  teriM. — From  theoretical  considerations,  it  might 
be  expected  that  each  member  of  the  olefine  series  would  exist  in  two 
isomeric  modifications,  the  one  being  a  dyad  radical,  and  the  other  a  satu- 
rated hydrocarbon;  the  compound  C,H^,  for  example,  might  exhibit  the  two 
modifications  represented  below : 

— CH,  CH^ 

D/adjo.  AaioiaXA^ 
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But  the  djsdie  memben  of  the  seriefl  are  tbe  only  ones  actnallj  known. 
These.  howeTer,  exhibit  in  some  of  their  oomponnds  a  different  kind  of 
isomerism,  which  does  not  affect  their  equivalent  Talue. 

«.  The  d {chlorides  of  the  olefin es  are  isomeric  with  the  monochlorinated 
chlorides  of  the  monad  alcohol  radicals,  C.  H^+p  for  example : 


I  >•     is  isomeric  with     J   I 

CH,nJ  ICHCl, 


<< 


,  CHCl, 
Ethene  Monochlorinated 

dichloride.  ethyl  chloride. 

Both  these  compounds,  when  treated  with  alcoholic  potash,  yield  the  same 
product,  namely,  Tinyl  chloride,  C^.C1 ;  but  they  differ  in  boiling  point, 
the  first  boiling  at  80°  C.  (185<»  F.),  the  second  at  64®  C.  (147®  F.J 

0.  The  oxides  of  the  defines  are  isomeric  with  the  corresponding  alde- 
hydes, and  with  the  alcohols  of  the  series  C^Ute^iOH 

-CH,  CH,  CH, 

.  CH,  COH  CHOH 

Ethene  oxide.       Acetic  aldehyde.     Vinyl  alcohoL 

The  dyad  radical,  called  ethidenty  or  ttkfflident,  which  may  be  supposed  to 
exist  in  aldehyde  and  in  monochlorinated  ethyl  chloride,  ha«  not  been  iso- 
lated :  it  probably  differs  from  ethene  in  the  manner  shown  by  the  follow^ 
ing  formula) : 

— CH,  CH, 

— CH,  CH 

I 
Ethene.  Ethidene. 

Similar  instances  of  isomerism  are  obserred  in  the  compounds  of  the 
other  members  of  the  olefine  series. 


Third  Sebies,  C.  ^t^r-r 
Of  these  hydrocarbons  five  only  have  as  yet  been  prepared,  tIi.  : 

Ethino     or  Acetylene,  C,!!, 

Propine  *•  Allylene,  CjH^ 

Quartine "  Crotonylcne,  C^IIj 

Quintine  **  Valcrylene,  CjIIg 

Sextine    "  Diallyl,  C^H,^ 

The  only  general  method  of  preparing  these  bodies  consists  in  heating 
the  monobrominated  dcriTatiTes  of  the  defines,  C.  Hs^,Br,  with  sodium 
ethylate  to  180*>-160®  C.  (2660-302°  F.): 

C.H,^,Br    +    CjH.NaO    b=     NaBr    -f     C^njCHO)     +    C.H^^ 
Sodium  Ethyl  alcohol, 

ethylate. 

Ethine  and  propine,  which  are  gaseous  at  ordinary  temperatures,  are  sepa- 

rated  from  the  alcohol  yapor  vrUb  whkb  iKo.y  arc  mixed,  by  passing  the 

gas  into  an  ammoniacal  solution  ot  cuproua  cYv\qt\A^,  ^^''^''^^^A^^J^^''^r^A 

compound   is    preoipiUted,  contavmni^  coip^^r,  c^w^^t.,  V^^x^^^^,  ^.v^ 
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oxygen;  and  this  precipitate,  treated  with  hjdroohloric  acid,  yields  the 
liydi-ocarboa  in  the  pure  state. 

The  other  hydrocarbons  of  the  series,  which  are  liquid,  do  not  form  any 
precipitate  with  ammoniacal  cuprous  chloride ;  but  they  may  be  separated 
.  from  excess  of  alcohol  by  addition  of  water,  and  further  purified  by  dis- 
tillation. 

The  hydrocarbons  of  this  series  should  exhibit  three  isomeric  modifica- 
tions :  saturated,  dyadic,  and  tetradic,  according  to  the  manner  in  which  the 
carbon  atoms  are  united ;  thus,  for  the  compound  C^H, : 

C— H  — Cr^— H  — C— H 

fc-_H  — C— H  — C— H 

Saturated.  Dyadic.  Tetradio. 

The  actually  known  compounds  are,  however,  all  tetradic,  being  capable 
of  uniting  with  four  atoms  of  chlorine,  bromine,  and  other  monad  elements, 
though  they  can  also  form  half-saturated  compounds  containing  only  2 
atoms  of  a  monad  element. 

When  agitated  with  hydrobromic  or  bydriodio  acid,  they  take  up  one  or 
two  molecules  of  these  acids.  The  dihydrobromides  and  dihydriodides 
thus  produced  hare  the  same  composition  as  the  dibrominated  deriyatlyes 
of  the  olefine  series ;  thus : 

C«  Ha»— ^  •  2HBr     t^     Cq  Hf^Brj. 

The  two  classes  of  bodies  are,  howeyer,  isomeric,  not  identioaL 

Bthine,  or  Acetylene,  C,H,. — This  hydrocarbon  is  one  of  the  constituents 
of  coal  gns.  It  is  produced: — 1.  By  synthesis  from  its  elements.  When 
an  electric  arc  from  a  powerful  voltaic  battery  passes  between  carbon  poles 
in  an  atmosphere  of  hydrogen,  the  carbon  and  hydrogen  unite  in  the  pro- 
portion to  form  ethine. 

2.  By  the  action  of  heat  upon  cthene,  or  the  vapor  of  alcohol,  ether,  or 
wood-spirit,  or  by  passing  induction-sparks  through  marsh-gas. 

3.  By  passing  the  vapor  of  chloroform  over  ignited  copper: 

2CHC1,    -f     Cu,    s     3Cu,Cl,    -f     C,Hy 

4.  By  the  incomplete  combustion  of  bodies  containing  carbon  and  hy- 
drogen :  for  example : 

4CH^    -f  0,    =    60H,    +    2C,H, 

Methane.  Ethine. 

2C,H^    +  0,    =    20H,    +     2C,H, 

Ethene.  Ethine. 

6.  By  passing  a  mixture  of  marsh-gas  and  carbon  monoxide  through  a 
red-hot  tube: 

CH^    4-    CO    «     OH,    -f    CjH,. 

6.  By  the  action  of  alcohol  potash  on  monobromethene : 

CjHjBr     +     OHK     =     KBr     -f    OH,    +     C,H,. 

The  crude  ethine  obtained  by  either  of  these  processes  is  purified  in  the 
manner  above  mentioned. 

Ethine  is  a  colorless  gas  of  specific  gravity  0*9^,  \iaV\x\\|,«w^wK\w  %.xA\rcL- 
pleaoBnt  odor,  moderately  soluble  in  water,  not  con^L^ti^e^  "Vi^  ^^\  vt  yc^%- 
sure.     It  burns  with  a  rery  bright  and  smoky  fVamci^  ou^  -^^JVvjaa  o^  >^sv^  ^?^^ 
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consnming  2}  Tolumes  of  oxyg«n  and  prodneing  2  volames  of 
dioxide.     When  mixed  with  chlorine,  it  dclonatefl  almoBt  inBtantlj,  eTea  ii 
diffused  daylight,  with  separation  of  carbon. 

Ethine  passed  into  an  ammoniacal  solution  of  euprow  cMoride  foms  a  rei 
precipitate  consisting  of  mproto-vinyl  oxide,  Cfin^^Hfl,  or  (C/3u'JH),0,  tint 
18  to  say,  vinyl-oxide  (C,H,),0,  having  four  of  its  hydrogen-atoms  re- 
placed by  four  atoms  of  apparently  univalent  copper.*  The  consftitntioii 
of  this  compound  may  be  understood  from  the  following  formuUe : 

H    H  H     H  H  H 

Jr  i  ^--^  ^^ 

Vinyl  oxide.  Cuproso-vinyl  oxide. 

Its  formation  from  cuprous  chloride  and  ethine  is  represented  bj  the  e<|aa- 
tion: 

2Cu',Cl,    +    2C,H,    +     OH,    =    4HC1    +    C^Cu'^H^O. 

On  heating  it  with  hydrochloric  acid,  the  opposite  reaction  takes  place, 
cuprous  chloride  and  water  being  reproduced,  and  pure  ethine  evolved 
as  gas. 

When  this  copper  compound  is  heated  with  zinc  and  dilute  ammonia,  the 
nascent  hydrogen  thereby  evolved  unites  with  the  elements  of  ethine,  pro- 
ducing ethene : 

C^CuJIjO     +     2H^    =    Cu^    +     OH,    +    2C,H^ 
and  C,H,  +       II,    =    C,II,. 

Ethine,  briskly  agitated  with  strong  sulphuric  add,  is  absorbed,  producing 
vinyl-sulphuric  acid,  C^H^SO^: 

r,ll,     -f     SOJI,    =     S0,(C,H3)II; 

and  this  acid,  distilled  with  water,  is  resolved  into  sulphuric  acid  and  vinyl 
alcohol : 

SO.fC.H,)!!     +     OH,    =     PO^H,     -f     C,H,rOII) 
Vinyl-sulphuric  Vinyl 

acid.  alcohol. 

Ethine  unites  with  bromine,  forming  a  dibromidc,  C^HjOr,. 

Bromefhine,  or  Bromaeeff/Ienr,  CjIIBr,  is  produced  by  the  action  of  alcoholic 
potash  on  dibromethene  dibromide : 

C,n,Br,.Br,    =     HBr     +     Br,    -f    C,HBr. 

It  is  a  spontaneously  inflammable  gas,  which  liquefies  under  a  pressure 
of  tliree  atmospheres,  is  soluble  in  water,  and  very  soluble  in  dibromethene. 
It  unites  with  bromine,  forming  the  compound,  CjHBr .  Br,,  and  when 
passed  into  an  ammoniacal  solution  of  cuprous  chloride,  yields  a  precipi- 
tate of  cuproso-vinyl  oxide. 

Propine,  or  Allylene,  OgH^. — This  compound  is  produced  by  the  action  of 
sodium  cthylate  on  bromopropene : 

C.lIjBr    +    CjIIgNaO    :=    NaBr    -f    CJVnO)     +     C.H^ 
Bronio-  Sodium  Ethyl  alcohol       Propine 

propeno  ethylatc 

*aeepac^:fti. 
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its  formation  being  a  particular  case  of  the  general  reaction  giren  on  page 
484.  It  is  a  colorless  gas,  having  an  unpleasant  odor,  burning  with  a 
amok  J  flame,  and  forming,  with  mercurous  salts,  a  gray  precipitate ;  with 
siWer  salts,  a  white  precipitate ;  and  with  cuprous  chloride  a  yellow  pre- 
cipitate analogous  in  composition  to  that  formed  by  ethine.  With  bromine 
it  forms  the  compounds  C9H4Bry  and  C|H4Br4. 

Qnartine,  or  Crotonylene,  C^H,.  —  Produced  by  the  action  of  sodinm  ethyl- 
ate  on  bromoquartene.  It  is  liquid  below  15°  C.  (50°  F.),  but  Tolatilizes 
Tery  quickly  if  not  cooled  by  ice.  It  has  a  very  strong,  somewhat  allia- 
ceous odor,  boils  at  about  18°  C.  (64°  F.),  and  distils  between  18°  and  24° 
C.  (75°  F.).  Bromine  dropped  into  this  liquid,  cooled  by  a  freezing  mixture, 
yields  dihromoqtiartine,  Qfi^Vir^  a  liquid  heavier  than  water,  and  distilling, 
with  partial  decomposition,  between  148°  and  158°  C.  (298°-316°  F.). 
This  dibromide,  left  in  contact  for  some  days  with  excess  of  bromine,  is 
converted  into  the  ietrabromide,  C^H^Br.,  a  crystalline  solid,  isomeric  with 
dlbromo-quartene  dibromide,  C^H^ Br, .  Br^ 

Qtdntine,  or  Valerylene,  C^H^  is  obtained  by  heating  quintene  bromide 
with  alcoholic  potash  (which  abstracts  hydrobromic  acid),  di«ftilling  the 
liquid  separated  from  the  product  by  water,  and  collecting  that  which  passes 
over  between  44°  and  40°  C.  (111°-116°  F.): 


Quintine  is  a  colorless,  very  mobile  liquid,  which  floats  on  water,  and  is 
nearly  insoluble  therein.  It  has  a  pungent  alliaceous  odor,  boils  at  44°  to 
46°,  and  has  a  vapor-density  of  2-356 ;  it  is  not  absorbed  by  ammoniacal 
cuprous  chloride. 

Quintine  forms  two  series  of  compounds :  the  one  composed  of  incomplete 
bodies  still  capable  of  flxing  two  atoms  of  chlorine,  bromine,  or  other  monad 
element,  or  one  molecule  of  hydrobromic  or  hydrochloric  acid ;  the  other 
composed  of  saturated  bodies : 


Dyadic, 
Dibromide 
Monohydrobromide 

Monohydrochloride 
Monohydriodide 

Monoacetate   . 
Monohydrate  . 


C.HgBr, 
CJIg.IIBr 

Cjng.nci 

C.Hg.HI 
^e^UJoiI 


Tetrabromide 
Dibromo-hydro- 

bromide 
Dihydrobromide 
Dihydrochlorido 

Diacetate 
Dihydrate 


Saturated, 


CgUBr^. 

Cellg.HBr.Br- 
CjHg.  n,Br, 
CgHg.fl.Cl, 

^»«»{(C,hJ|,)^ 

^»"»{   (Orf)y 


The  bromides,  hydrobromides,  hydrochlorides,  and  hydriodidos  are 
formed  by  direct  combination ;  the  acetates  by  heating  the  dihydrobromide 
in  sealed  tubes  with  silver  acetate  suspended  in  ether ;  the  hydrates  by 
treating  the  corresponding  acetates  with  solid  potash.  These  compounds 
are  all  liquid  at  ordinary  temperatures.  The  dibromide,  treated  with  pot- 
ash in  alcoholic  solution,  is  converted,  by  abstraction  of  hydrobromic  acid, 
into  quintone,  or  valylene,  CgHg  (=  CgHgBr, — 2HBr). 

flextine,  or  Diallyl,  0«H,^  is  produced:  I.  By  decomposing  allyl  iodide, 
C(HgI,  with  an  alloy  of  tin  and  sodium.  2.  Together  with  many  other  pro- 
ducts by  heating  allyl  iodide  in  sealed  tubes  with  zinc  ethide.  It  in  a  liquid 
which  boils  at  58°  C.  (136°  F.),  and  forms  two  series  of  compounds,  one 
saturated,  the  other  dyadic,  analogous  to  those  of  quintme,  aiU^l  c»\^\AXTi^ W\^ 
similar  processes.* 

^A.  Wartz,  Add.  Chim.  Pbye.  [4],  Jii.  129.  —  JahreabericU  tVff  Ctx«m\«,\^ft^,  v'i^a- 
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ForBTR  Skbiu,  C»  H^— «• 

The  known  hydrocarbons  of  this  scries  are  qmntone^  or  vmt^hme,  CJBp 
produced  by  abstraction  of  hydrogen  from  qumtine,  C.Hg;  mnd  eertaii 
volatile  oils  called  terpfnes,  haying  the  composition  G|0H|^  and  csisliag 
ready-formed  in  plants.     The  former  is  sexyalent  and  quadriTmlanl ;  Iht 

latter  are  quadrivalent  and  bivalent. 


Qnintone,  or  Valylone,  Cg^U^,  is  formed,  as  already  obserred,  bj  tha  i 
of  alcoholic  potash  on  qui  mine  dibromide,  C|H(Bry  and  passes  Ofcr,  tt- 
gcther  with  a  little  quintiue,  between  46<*  and  60**  C.  (118^-122"  F.).  It 
niiiy  be  obtained  pure  by  treating  the  mixture  with  ammoniaeal  aqiffMi 
chloride,  which  precipitates  the  quiutonc,  but  not  the  quintine;  and  oa 
warming  the  precipitate  with  dilute  hydrochloric  acid,  the  quintine  pasMi 
over,  and  niny  be  condensed  by  a  freezing  mixture.  It  is  a  light  {iqoid, 
boiling  at  about  oU^  C.  (122°  F.)  With  bromme,  in  a  ffeeiing  mixture,  H 
furms  a  cryntalliue  umss,  consisting  of  quintone.  hexbromide^  C^U^Brf,  sata- 
rated  with  a  thick  liquid,  which  is  a  mixture  of  the  compounda  CgEf^Br^ 
Cgll^nr^,  and  probably  C^lIgUr^ 

Torpenes,  CioH^. — These  bodies  are  volatile  oils,  existing  in  plaatiy 
chiefly  of  the  coniferous  and  aurautiaceous  orders;  they  have  not  yet  been 
foraied  by  any  artificial  process.  The  most  important  member  of  the  group 
is  turpentine  oi7,  which  is  contained  in  the  wood,  bark,  leaves,  and  other  parti 
of  pines,  firs,  and  other  coniferous  trees,  and  is  usually  prepared  by  dis- 
tilling crufle  turpentine,  the  oleo-resinous  juice  which  exudes  from  incisions 
in  the  bark  of  the  trees,  either  nlone  or  with  water.  It  was  formerly  sup- 
poseii  that  all  the  volatile  oils  thus  obt4iined,  and  having  the  composition 
('iqH,^,  wore  idiMiticiiI  in  chiMuiciil  and  physical  properties;  but  recent  in- 
vestigntions.  ospeciiilly  those  of  Berthelot.  have  shown  that  the  turpentine 
oils  obtained  from  ilitrorent  sources  exhibit  considerable  diversities  in  their 
physical,  and  more  especially  in  their  optical  properties:  further,  that  most 
kinds  of  turpentine  oil  are  mixtures  of  two  or  more  isomeric  or  polymerio 
hydrocarbons,  differing  in  physical  and  sometimes  also  in  chemical  pro- 
perties. These  mollifications  are  often  )»r«)duce<l  by  the  action  of  heat  and 
of  chemical  retigents  during  the  purificuion  of  the  oil. 

The  several  varieties  of  turpentine  oil,  when  purified  by  repeated  rectifi- 
cation with  water,  are  colorless  mobile  I'Miuids,  having  a  peculiar  aromatic 
but  disagreeable  odor.  They  are  insoluble  in  water,  sliffhtly  soluble  in 
aqueous  alcohol,  niiscible  in  all  proportions  with  absolute  alcohol,  ether,  and 
carbon  disulphide.  They  dissolve  iodine,  sulphur,  phosphorus,  and  many 
organic  substances  which  are  insoluble  in  water,  such  as  fixed  oils  and 
resins,  and  are  therefore  used  for  making  varnishes. 

The  principal  varieties  are.  French  turpentine  oil.  obtained  from  the 
French  or  Bordeaux  turpentine  of  Pinun  marithna,  and  English  turpentine 
oil,  from  the  turpentine  collected  in  Carolina  and  other  Southern  States  of 
the  American  Union,  from  Pinus  Autttrnlin  and  Pinns  tmda, 

French  turpentine  oiU  when  purified  hy  neutralizing  it  with  an  alkaline 
carbonate,  and  then  distilling  it,  first  over  the  water-bath,  and  then  in  a 
vacuum  (by  which  treatment  all  transformation  of  the  product  by  heat  or 
by  reagents  is  avoided),  consists  mainly  of  a  hydrocarbon.  C,Qir„.  called 
tfrrhenthenf.  It  has  a  specific  gravity  of  (V8(>4,  boils  at  101®  C.  (322'^  F.),  and 
turns  the  plane  of  polarization  of  a  ray  of  light  to  the  left.  English  tur- 
pentine oil,  treated  in  a  similar  manner,  yields,  as  its  chief  constituent,  a 
liqiihl  cnUoil  niixtralenf.,  or  auti rater fftmthfne.  having  the  same  specific  gravity 
ami  boiling  point  as  torobentbcne,  bul  lutuVn^^  v\i^  \A».w^  <it  v^\a.T\x«x\^\i  v^^ 
the  right. 
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When  pur©  tiirpeutine  oil  (tercbenthene  or  auslmlene)  \s  heated  to  2CM)®- 
250°,  it  underj^oes  u  iiiolecuUr  transformation,  iiriJ  may  then  bcst^paniled 
bj  (limiUatiofi  iiUo  two  uiln,  one  onlled  atistrapt/roirm^^  lAornent?  wttb  tho 
orijriQal  uil,  and  hmhu^  at  I7*i^  to  178°  C.  (^i4H»-352°  F,) ;  the  ufhcr,  called 
fnetaitf.hrnlhcnt^  polymeric  with  Iho  original  oil,  having  ihe  loi niuhi  i.'.^ll^^ 
and  boiling  at  a  tempertiture  above  3»iU**  C.  (♦58(P  F).  Both  nrtj  levorom- 
tory,  the  latter  exhibiting  the  greater  umount  of  rotatory  power. 

Turpentine  oil  treated  with  horon  Jluoride  or  strong  sutphurk  acid,  ia  trana- 
fornaed  into  two  hydrocarbons  having  nn  aclion  on  polarized  light*  The 
one,  called  ttrebmr,  has  the  fortiiula  Cipllig,  and  hoib  at  ItXt*' tL  (320**  F.) ; 
the  other,  called  cohphmey  or  dUerthenf,  coasistg  of  ^-'so'^aa*  ^^^  hoila  at  a 
▼cry  high  leuiperature. 

By  the  action  of  sodium  gfrarfttf  on  a  Folid  compound  of  turpentme  oil 
ftod  hydrochloric  acid  to  bo  presently  described,  a  crystallized  hydrocar- 
bon, CjqIIib,  called  rumphene,  ia  formed,  which  turns  the  plane  of  ]Kilarixa- 
lion  to  the  lett  or  to  the  right,  according  a»  It  has  been  formed  from  French 
or  from  English  turpentine  oil.  If  todmm  ttcrftttf  be  ubcmI  in  its  jirepara- 
tion  in  plaoo  of  the  siearate,  the  same  hydrocarbon  h  obtained,  but  it  ia 
then  optically  inactive. 

Turpentine  oil  exposed  to  the  ^rV  absorbs  oxygen,  which  then,  as  in  all 
slow  combti^iiond,  acqnirea  the  prupertien  of  oxoiie,  and  subsequently  en* 
ters  into  coin bt nation  with  tho  bydrocavhon,  forming  resinouH  products. 
S^ifric  tieid,  and  other  powerful  oxidizing  agents,  convert  turpentine  oil  into 
a  number  of  acid  prmlucta  of  ooniplex  constitution^  S^trong  nilric  acid 
acta  very  violently  on  turpentine  oil,  sometimes  setting  it  on  fire. 

Cfilorine  18  absorbed  by  turpentine  oil,  with  evolution  of  heat,  sometimes 
miflicieni  to  produce  inflammation.  When  paper  soaked  in  rectified  tur- 
pentine oil  is  introduceil  into  a  vessel  filled  willi  chlorine,  the  turpentine 
takes  fire,  and  a  quantity  of  black  smoke  is  produced,  together  with  white 
rumeai  of  hydrochloric  acid.  Bromine  acts  in  a  similar  manner,  hdine  is 
dissolved  by  turpentine  oil,  forming  at  firBt  a  green  solution,  wliich  after* 
wards  becomes  hot,  and  givcM  off  hydriodic  acid.  When  a  conMjdernble 
quantity  of  iodine  is  suddenly  brought  in  contact  with  turpentine  oil,  ex- 
plosion frequently  ensues.  Turpentine  oil  disiUled  with  chloride  of  lime  and 
tfiaUr,  yields  chloroform. 

Compoundji  of  Turpmtine  otL — Turpentine  oil  forms  sever al  eom pounds 
with  hfdrwkloric  nfid.  The  gaseous  acid  converia  It  into  the  monohfdro' 
rA/dr<</',  C,(jll,j.  HCL  On  the  other  hand,  when  the  oil  is  subjected  fctr  sev- 
eral weeks  to  the  aetlem  of  the  strong  aqueous  acid,  crystals  of  a  dihifdro* 
fA^>rf<fe,  r,^l I jg,  211(^1,  are  obtained.  This  lull er  compound  is  also  formed 
by  the  action  of  hydrochloric  acid  gas  on  tfmon  oit :  hence  it  is  called  eifrftte 
dthtfdrv^hiorvlf.  By  the  action  of  hydrochloric  acid  on  t  ere  bene,  the  cotn- 
potind  C^Hj^.  HCl  is  formed,  c.irlled  dit<refn*ne  At/drorkioridf.  La/itly,  when  a 
carrent  of  hydrochloric  acid  gas  is  passed  through  a  solution  of  turpentine 
ott  in  acetic  add,  the  compound  Cj^ll^,  SHCl  ia  produced,  called  diptfrolene 
htf^trochloride, 

Jfttdroftromie  and  hfdriodip  arid^  form,  with  oil  of  turpentine,  compounds 
analogous  in  composition  to  the  hydrochlorides;  the  dihydriodide,  however, 
has  not  been  obiained  from  turpentine  oil  itself. 

Whatever  meihoil  may  be  adopted  for  preparing  the  hydroehlondes,  hy- 
drobromides,  or  (be  inonolndriiolido  of  turpentine  oil,  there  are  always 
two  isomeric  modifications  obtained — ^onc  lirpiid,  the  other  solid  and  crys- 
talline. The  crystfllllted  monohydrochloride  is  sometimes,  thoitgb  iniip- 
propriatply,  designated  as  artijieiai  camphor,  and  the  dvh^dtQ'iXsXQtv^Skfc  *a 
t'-mon  CimphffT. 

//jiftir^ffr^  o/ rurpenfinf  oil. —  Tho  terehentlaenea  wmle  ^\-\i  water  Vsw  ii«S"- 
eral  proportiang,  jrielding  tbe  following  compouuda: 
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I».20H^ 

C^^,B„   OH, 

2G^n«.0II,  ^ 

'erpiiL 

lerpiniLii 

Tcrpiaal 

liydrute. 

< 
1 

Ck,TT,,.80H, 
Turpin 

7Vf7>in  htfdraU,  Cn^Hj,.  SOH,  .  Aq»  (also  Cftlled  Turprnfint^amykor  Aod 
rfrt//f  «/  TurfteMtifn>o4t},  is  freqiienily  dcposiUKl  in  crystals  trovu  turpcmli 
oti  couluinijig  water;  its  {iroductiuo  ia  I'uvored  by  the  presence  of  an  «^ 
To  prcpiire  i<,  8  vols,  turpeoiine  oil  are  mixed  with  2  vols,  nitric  «cid  I 
1  to  G  vob,  tikobol ;  mid  the  tnixturc  '\s  frcquentlj  shaken  during  tbo  fil 
lew  days,  then  leti  to  itMeif  in  shallow  vessels  for  several  weekft.  Broj 
oryMtale»  uro  thereby  t'uruicil,  which  must  be  pressed,  and  then  rectjl^ 
liit'd  from  boiling  water^  with  addition  of  animal  chftrcoaL 

Tcrpiu  hydrulij  usually  crystallizeji  in  Urge  rhombic  prUais;  it  di«io| 
Bpariiiglj  in  cold,  easily  in  boiling  wutcr,  easily  ubo  in  alcohol  And  elk 
A(  10»i°€.  (212^  F.)  it  oiclts,  gives  off  it^  water  of  crystallixation.  Mil 
convened  i»(o  terpin.  The  ^anie  change  takes  place  on  expoaing  the  e^ 
taU  lo  iiir  dritMl  over  oil  of  vilriol. 


Trrpift, 


1„  .  20|f  J.  mcUs  «L  1()3^  C.  (217*>  F.\  and  solidifiea  in  theeq 


talliiie  Slate  on  cooling.  It  snWiinea  nl  about  liitF,  in  slender  needles,  j 
18  dissolved  with  red  color  by  strong  sulphuric  acid«  ajid  converteil  ii 
turpentine  oil.  The  &amQ  citunge  lukes  plncc  on  boiling  the  tfrpin  it 
dilute  acids,  heating  it  to  100*  C/  (212^  h\)  wirh  line  chloride,  or  to  liA 
180°  C*  (S20^-3oti^  F.)  with  chloride  of  eaJcium,  Atrontiuni,  or  ainnioai4 
Terpin,  or  tcrpin  hydrntc*  subjecteHl  to  tlie  aetion  <•  -  <-  -  -  r  -: — i^ 
hydrochloric  acid»  or  of  the  chlorides,  broniidesi,  or  i  m 

i»  converted  into  the  eriMlalliied  diiiydrochloride,  dih;  ^_  JiJ 

driodide;  this  is  in  foci  the  only  wtiy  of  tdjlttining  ihe  liiM-nieniioned  r^ 
pound.  Terpin^  ditililled  iiilh  phosphoric  oxide,  yields  terebcnc  and  cd 
phene  (p.  4><'*).  Jk-atcd  with  acetic  or  bniyric  acid,  or  with  beutoic  chl^ 
ide,  it  yields  terebene  and  polyti'vebenes.  When  heated  witJi  Hc«iic  oii^ 
(rjrj,0).p,  to  H0=^  a  (284^  ¥\  for  not  loo  loug  a  lime,  it  yicld«i  «  C0( 
pound  uontuinitig  ^  i^t^ia  •  ('.,11/)., .  Hllj. 

Tfrptntin  hiftirtifr,  I'^jll^ ,  V)!!^,  is  pouietimes  obtained  In  the  preparfttli 
of  tcrpin,  either  tngetlirr  wiih  the  latter  or  alone.  It  i^  a  liquid  insulull 
in  water,  anii  boiling?  at  2(>tP-220°  C.  (392*'-428»  P.).  , 

Trrphifii^  2t',uH„  .  <*Fl«  is  produced  when  terpiu  i»  boiled  with  dili 
hydrochloric  or  f<ulptinric  acid,  or  when  the  dihydrochloride  of  terebcna, 
boiled  with  water,  alcohol,  or  alcoholic  potash.  It  ie  a  colorless,  »lrt>n| 
refractiug  oil.  optically  inaclivCf  and  boiling  witli  parllal  dec4>iopi»iilI 
at  168°  C.  (3:i4o  F.).  , 

The  hydrocarbon,  C^^W^^  (dcoone  orlerobetilhene),  act^  as  a  quadnral^ 
rftdical,  capable  of  tiniting  with  four  monad  ntoniB.  and  therefore  with  tti 
nioleculeH  of  the  acidi*  HCl,  II Br.  and  Ell,  thereby  producing  the  dilaydl) 
chlorides  above  mentioned;  but^  lil^e  other  tetrad  radicals,  it  can  aUo  ti| 
up  only  two  monad  atoms,  producing  the  luonohydrochloride,  &o»  H 
same  tetrad  radical,  by  doubling  itself,  losea  two  units  of  equivalence,— jil 
an  two  aloniM  of  carbon  when  united  are  satisfied  by  »ix^  and  not  by  eij 
atom;*  of  hydrogen,  and  forms  tlie  hydrocarbon,  C^H,^  which  is  »ejt] 
ind  can  therefore  form  »uch  compound**  n»  r^il„.;^Hri.  Furl'" 
Bainc  bexud  rudicjil  inifrht  ftrni  iii»n-?«atiirated  compounds  containli 
four  or  two  monad  atoms;  in  reality,  however,  only  llione  containing  li 
monad  a1nm»  are  known.  Ktich  as  r.glljj.  IICl. 

If  in  the  several  hydrochluride*  each  atom  of  chlorine  be  v  ►►J 

hydroxyl,  HO,  we  obtain  the  lormuUo  of  the  several  hydrates  «  i  M 

oil;  the  hydrate  corret«pouding  to  the  hydroehlorate,  C^^Uj,.  lU  i,  iia 
Zrowever,  been  prepared* 
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Volatile  Oils  isomxbk?  wito  Tubpcntijig  Oil> — The  following  voLiHIe 
or  ease  ri  I  ml  oiIh  obtAiDed  ftittu  pliiuts  ex  dibits  like  oil  ot'  Lurpentiue,  I  bo 
com  posit  ion  C,pll|f. 

Tf^rpenfi  frum  A  uranhareoHs  plants. — These  terpeneg  are  dial  in  jtui shed  hy 
Iheir  fragrant  o<lor.  Lemon  oil,  obtained  from  the  rind  of  the  friiii  of  Cit- 
Tua  Ihnonum,  hy  pr«i»sure,  or  by  diMtinulmii  with  water,  consists  mninly  of 
citrene,  CtgH^t  »  hydrocarbon  closely  reuenibling  terebinth eue,  Uiivuijc  • 
specific  grtirity  of  0*85  at  15**,  boiling  at  ItiT'^  or  IGt^'^,  turning  ttio  plane 
of  poJarizAlion  to  the  rigbt.  With  wuter  it  forms  a  cryHtalMzed  hyitrnte 
resembling  terpin;  with  hydrochloric  acid,  a  dihydrochloride,  I'^jH^,.  2HCI, 
existing  in  a  eolid  and  a  liquid  moditication^  and  a  nionohydrocUloride, 
""^  _"       HCl,  apparently  suscepiible  of  simikr  tnodificatiouB. 

'Similar  oil*  arc  obtained  from  the  rind  of  the  awcet  orange  {CHrnt  auran- 

mm),  the  bergamot  {€.  b^rtjitmia)^  the  bigarade  or  hitter  orange  (C.  bi^ara* 

),  the  lime  (fl   (imfitn)^  (he   Bweet  lemon  ((?.  lumin),  and  the  citron  (<?. 

ft).     Oil  of  neroli,  obtained  by  distilling  oraDgo-flowers  with  water,  la 

"rty  also  a  terpciie  when  pure* 

\from  othrr  nourcejt.—The  volatile  oil*  of  athamanta,  beech,  borneo 

ipom  DrtfftbfitfinojMf  fumphora),  caoutchouc^  caraway,  camomile,  coriander, 

gomart,   bop,  juniper^  imperatoriar  laurel,  parsley,  peppert  saTtn, 

,  valerian,  and  otbera,   also  the   neutral  oib  of  wintfrgreen  iOaul" 

ifrocHvibfrisi),  and  cloves,  are  isomeric  with  oil  uf  turpentine,     Tuc  oiU 

RiUa  and  cubebs  are  probably  polymeric  with  it,  their  moleculea  can- 

Hichonc,  or  India- ruhbfr^  the  tliickenorJ  milky  juice  of  several  species 
'  Picittt,  Euphorbia^  and  other  trees  growing  iu  tropical  countries,  is  enHi'ii- 
ially  a  miiture  of  several  Itydrociarbonn  ii^oineric  or  polymeric  with  turpen- 
|n«  oil.  When  pure  il  in  nearly  white,  the  dark  color  of  commercial 
_  aotiichonc  being  due  to  the  effi*ei8  of  Bmoke  and  other  impurities.  It  ib 
•oftene^l  but  not  dissolved  by  boiling  water;  it  is  ali^o  insoluble  in  alcohol. 
In  pure  ether,  rcoti6ed  petroknim,  and  coal-tar  oil,  it  dij»«^olvcs,  and  is  left 
unchanged  on  the  evaporation  of  the  solvent.  Oil  of  turpentine  also  di«- 
polves  it,  forming  a  viscid,  adhesive  mass,  which  dries  very  imperfectly. 
Ai  a  temperature  a  little  above  the  boiling  point  of  water,  caoutcbouo 
melis,  but  never  afterwards  returns  to  its  former  einiitic  state.  Few  chemi* 
%tA  agents  atfoct  this  substance;  lience  its  great  use  in  chemical  investiga- 
liolfes.  for  conned ing  apparatus,  kc.  Uy  destructive  digtlHatiou  it  yiehls  n 
Iftfl^  quantity  of  a  thin,  volatile,  oily  liquid,  of  naphtha-like  odor,  called 
moHtehouein,  which  dissolves  caoutchouc  with  facility.  This  oil,  according 
in  Mr.  Grevillo  Williams,  is  composed  of  two  polymeric  hydrocarbons: 
0aouichin,  **ioMt(,  boiling  at  171**  C.  {M0°  F.)»  and  isoprenc,  C^Hg,  boiling  at 

Caoutchouc  combines  with  variable  proporttona  of  sulphur.  The  mix- 
lar««  thus  obtained  are  called  wUamud  Iwdut'^nibber ;  Ihey  are  more  per* 
flMiiently  elastic  than  pure  caoutehouo. 

VuicaHtie,  or  Kbomtt.,  is  caoutchouc  mixed  with  half  its  weight  of  sulphur, 
And  hardened  by  pressure  and  heating.  It  i»  very  hard,  takes  a  high 
poliah,  and  is  used  for  making  c«>mbs,  knife^handlen,  buttons,  &c,  It  i^ 
•,1»o  especially  distinguished  by  the  large  quantity  of  electricity  which  ii 
evolvett  when  rubbed;  hence  it  mukcii  an  excellent  material  for  the  plates 
of  electrical  moohines. 

tJuilapttrtha,  the  hardened  milky  juice  of  Itvwmdra  $uHa^  a  large   tree 
growing  in  Malacca  and  many  of  the  islandtt  of  I  tie  Eastern  Archipelago, 
]»  similar  in   composition  to  caoutchouc,  and  resembles  it   in  many  of  lis 
properticf),  but  is  har«ler  and  leas  elastic.     Il  \%  c\u\lt  \ti*ift\u\A*  Vtv,  V5i«\\\tt- 
perviou^  tiK  water,  and  being  also  an  excclWni  «\wilm  \\\%u\sk\<»T /v*  *vv«\^- 
#i>r/y  uMed  a#  m  em«iug  for  eubmarin©  telegrapli  vf  ue».     'B^  4,t^  ^\»vKm»X\^^ 


T  ri.*"TLJ    •*  I.**i:it:.^  ■'•::.■»  Zf  ^asrzxi. — Th*  vnlAciLt  mZs  ebcftiiffd 

■r  1  ■l.•^•»a■.I-  ■•_  ii-  i-  ii.i7-ir»a  lE*  "Aikm  iv-tr^Kar^tiajf  vitiL  comp««Kii 
-.''  •n..—«»Q,  j^tri'i"!.  Li'i  ii7r»aL  r'j;k*  ▼Tilifr-.Aa  «iil  «*}ar»ui:§  vmlerie  acid, 
-  ,'-',•  .  ?**-i*«-'T  1..131  1.1  r  a:xJi:»  ptsiiW*x*)iL3:  itfi'L  C^^Xr  rM»  «1  cob- 
M.n.-  r:i.-r«:  kj»<*u/  i*.  ^n. ....  ^-iM.-rj-'eii  -lu  «tiac«iBj*  a/cail  act^jl  nli- 
!:i:*.    \|-r^*.y  '•!•«  Ji/fXiii^i  :i.ixi7iiiin.<L  beijuc  AM«MiAUii  n  «ack  caar  vhb 

-.k.a  v:i2.l:ii.i!  ui^aj  »•>.  •  .E^  • :   lOii  Ciione  4^  ftaide.  irmr  anric_  icsBKl,aBd 

^-..•ru-^  :  .3.  '.Lt^z  ^.Lo..-*  i<:  i-.c  AvC*(«^  m  cvauia  uiv  tinnents  bwidet  cir- 
h*.::.  J. 7  :;:xt»a.  ia;  :iji*n..  sa.=  iiir -Jt  f-)a»&  oalj  km  certAiB  oila  icaall- 
:.ir  iTtZi  L  £.2.1  .i  i^rzL-^-.-.iz^'.^  rr-iciia!.  a^  is.  ui«  TolACile  oils  of  Maitard 
&ti>:  r:^r-..i::  a.:r-.-i>^n.  v^'is  ::  <;i:i!:^7«.  ■lax  b«  r»faz\t«d  aa  aa  inpa- 
r.'T  7<»ral:.:ix  ^r.^i  A.;:i-X>s<i  r^rnxt.*  udeuc.  T^ukCile  oil*  are  SMlIy 
(.'.•'.-17-h:  bj  :..•' .!'..- r  -jl*  rUka-..  wr  ptirt  «f  Um  piaat.  with  water; 
'n-r.r  y..z,:*  ',i  -t'- ..„-.  -  ilz:  .^^i  ^**7«  Ii<  Acoxe  chki  of  water;  aever- 
t:.>.-^*^.  4:  li>/^  !£.•»  ...«  <z:::  T^p^r  of  very  coo^iderable  traaiaa,  which 
i«  ckiT.<>i  '-.▼•tr  c:^iwir..c:kllv.  &&•!  eoa-ieiLMTi  wiih  the  Mcaai.  The  miSkj 
f,e  "-r-..i  L.  ,--.r  .i'm.-*-:  ••■tc4rii«.  »'l*ii  I*ft  at  nest,  iato  oil  and  water. 
>'.?!*' Irs*^  "ir.^  cil  i^  *'>av>r  ihiE.  t'a  «i:«r.  and  sicks  to  the  bottom: 
*'i!n*'.r:.**  ':.*  r*T*r*«»  hii:*t*.  Fr>:ci  p^r'*  of  ilAnt?  which  are  Tcrr  rich 
ir.  T.-.i.i^'.e  cil,  Si^cL  ij  >z.-.l  and  or;uizc-p<«cl.  cl;<  oil  ilav  be  extracted  by 

A  f-:v  ToUtile  ''.ilj  are  fcunl  in  the  b*>Iie9  of  animals. —  oil  of  antj,  for 

M'.-'.  T'/.viU  oil-  ar<^  c^'.'.r'.r*?  when  pure:  iher  often,  however,  have  a 
y*'!iow  o'-i»r  bri-inpr  ir-jCi  :n.juri:v:  at.  i  a  lew.  the  oil?  of  wormwood  and 
c*ri.'frfi:lf.  for  •rxan.j>.  ba^e  a  greon  or  blue  folor.  due  lo  ihe  pres«fnce  of 
an  oily  cor;i[,"»'iri'l  of  a  Tery  deep  blue  colcr.  called  ccrulfin.  They  haTe 
ij"iiA!iy  a  yiow*Tltjl  n  lor.  and  a  {ungeni.  burninp  ia*ie.  When  exposed  to 
\\\*'.  air.  thf-y  frJ^'^uMitly  become  altere-l  by  slow  ab»urptiou  of  oxygen,  and 
a-<<iini<*  x\\H  rharaci'-r'  of  reains.  They  mix  in  all  proportions  with 
fat.  h'iU,  aiich  as  lin«eef].  nut.  colza,  ai.d  whale  oil^.  and  dissolve 
frirr?ly  boih  in  el  her  and  alcohol :  from  the  latter  eoWent  thej  are 
prc'-ipitated  by  the  addition  of  water.  Volatile  oils  communicate  a 
griMixy  Miain  to  paper,  which  dij^appears  by  warming;  by  this  character 
any  ft<liilieration  with  fixed  oils  can  be  at  once  detected.  Many  volatile 
oiN,  wlien  expoHed  to  cold,  separate  into  a  solid  crystalline  compound 
culled  a  camphor  or  rUaropUnt,  and  a  liquid  oil,  which,  for  distinction,  is 
Bonic times  called  an  dsb^jpUne. 


Fifth  8brie8,  C,II^-«. —  Abomatic  IItdbocabbonb. 

Tlio  hydrocarbnnn  of  this  series  present  peculiar  interest  on  account  of 

till*  niutry  important   derivative!*,   including  alcohols,  acids,  bases.  &c.,  to 

H'hirh  thvY  liiirt'i  riMO.     The  whole  ^roup  of  compounds  thus  formed  are 

iiMiinlh'  dvHittimtvA  an  nromulio  \>od*\ea,  oiv  kccowiiV  ^l  \V%^^^wV««  t^^wl  fra- 

gruiit  i<iui«  Mliibited  by  some  «t  tVxein,-\>^nxovc ^^\^, \^x  ^x%B.>ft\^. 


BENZENE. 

The  known  hydrocarbons  of  the  aromatio  series  are : 
Benzene         .         *         .         .         .     ^g^U 
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Toluene     . 
Xylene 
Cumeno     « 
Cymcne 
AmyUylene 


<yi„ 


Tbey  are  all  found  (except  the  last)  in  the  lit^hterpart  of  the  oil  ohtained 
by  the  destructive  distilltition  of  coal,  and  niuy  be  separated  from  one 
another  by  fraetioiml  dis*! illation. 

The§e  hydrocurboni*  might  be  regMrdod  as  derived  from  the  correspond- 
ing  partiffifis  by  Ab^traetion  of  8  iitoius  of  hydrogen  fr.  y..  t^^Hi— r^Hi^ — 
H^U  or  from  the  olcfinefl  by  abstrautiuti  of  ti  uIuqih  of  hydrogen,  &c. ;  and 
accordingly  they  might  be  expectnl  to  act  as  oetovjilont,  M'xvaknt.  qund- 
rivaletit,  or  bivalent  radicals;  and,  in  l'ftct»  eymene  cun  combine  with  two 
•tobis  of  chlorine,  and  benzene  formH  definite  compounds  with  ii  iklomn  of 
chlorine  and  of  bromine.  But  io  nearly  ul\  Oftjtes  the  aromatie  hydrocar* 
bona  react  as  saturated  molecnles.  like  ihe  pnraffins.  yielding,  when  treated 
with  chlorine,  brominet  or  nitric  acid,  not  additive  com  pounds,  but  substi- 
tution-products. 

Benzene  injiy  be  represented  as  a  saturated  molecule  by  the  following 
const! tut i on ai  formula,  in  which  the  carbon-atoms  are  united  together  by 
'  two  combining  units  alternutely  : 

H-^ ^C—H 

II         II 


The  other  hyilrocarbons  of  the  seriefi  may  be  derived  from  it  by  sue- 
sfiive  addition  of  ClI^  or  by  substitutiun  of  methyl,  Cil^,  for  hydrogen ; 
us: 


^■.H,^clI,), 


Metbyl-henzene> 
liimeihyl'beniene, 
Trimel  hyl-hcnaeno, 
Tetramethyl-benzeno. 


i 


Further,  a  hydrocarbon  isomeric  with  dimethyl-heniene  may  be  formed 
by  the  subi^titution  of  etbyl,  Cjlf^.  for  1  atom  of  hydrogen  in  beniene,  riz.j 


Hhyl-beuxene,   CjIIsfCjHj);    in    like   manner*   nietbjl*ethyl-l>enteno,  C,H^ 
[CH,)<C^Hj),  and  pi-opyl-Wniene,  ^VIs(t\Hf).  are  isomerie  with  trinielhyl- 


ia  easy  to  see  that,  in  this  iManner,  a  large  number  of  isomcrto  bodies 
may  exist  in  the  higher  terms  of  the  series. 


B«iixeoe,  C-ll^,^ — This  hydroearhon  can  be  produced  synt helically  from  its 
elementji.     Wh«n  ethine,  C^H,,  which,  &»  we  bare  seen  |p.  48^))*  may  he 
formed  by  the  direct  Cftmhination  of  carbon  and  hydroircn,  is  healed  to  a 
mpcrature  i 
lodifloationa 
Beniene 
I        and  is  containerl  in  conaiderublc  quantity  in  I  he  more  volatile  portion  of 
|^Hi}oal-tar  oil,  fnim  which  it  is  now  almost  always  prepared.     To  CN\\i*^\w\V,\\t^ 
^Hbil  is  repeatmily  wa?«hed  with  dilute  nulphuric  Wid  huA  w\\\\  \><i\TiiA\,  V^  "c^- 
HKiove  the  aIkt$Une  and  ociVJ  products  likewise  ex\»l\n^  m  \V ;  itw\  VVc -te^- 
P     jDAinlng  aeuttAl  oil  in  aubmititid  to  repealed  f  rmciiotui.\  di^VvWrnW^at^,  <!a<i  V»^ 


^^formed  by  the  direct  Cftmhination  of  carbon  and  hydro|ren,  is  healed  to  a 
^Hiempcrature  somewhat  below  redness,  it  is  converted  into  several  polymerio 
^flDodifloations,  the  principal  of  which  is  irkihme  i»r  henianfi,  ;iC,ll^=t\H^. 
^^     Benicne  is  alMO  formed  in  the  dry  distillation  of  many  organic  jtuhntances, 


i 


i 


Bcmoio 


+ 


Lime.         Calol 

OArboJ 


tiMJiy  jr^ftTK  iiga  bj  Famdny  in  the  Uijuid  couUd 
of  oil-gnB  (p.  172 \,         -  I 

Purv  beiiiene  is  a  tbin,   limpid,  colorlesfi, 
bhYing  a  peculiar  ethercul  odur.     It  bus  ji  d^ 
(<M)°  F  ),  boila  nt  82°  C.  (18([)p  F,  ),  and  solidifieJ 
cryKlifclliiio  ma^s.     It  itt  ticnrly  itisohtble  in  «vttt| 
fiud   (*ther.     It   dissoWca   lodiuc,   eulphur,   Aud| 
number  of  organic  «4ulj9laticeH,  taU  mh\  r«fiiiis, 
Holiible,  or  very  spnringly  8o)ublu  iii   wuler  nodi 
ninny  chemicul  prfparatioziHf  and  for  r<*tiiqTltigl 
of  dresH. 

lienieoe,  pasnod  in  tbo  stiite  of  Tapor  througl 
lo  bright  redriieMJ?,  is  parily  ref«olved  into  hytlroge 
quiintiiy  of  ethiiie,  and  tlio  foilowing  liquid  pro* 
^  2i\H^-^U,;  (2)  rf.ri/*me,  t^gll,,  ^  3r,U.— H,: 
rc!4tnE)U9,  orange-colored  body  of  unknown  oompi 
in  yellow  vapors  at  a  dull  red  boat;  (4)  bitumettr 
rcmainjf  in  the  retort  at  a  dull  red  beat,  and  soli^ 

SmsTiTiTTioN-PRonrrrs  or  Bf.nekne  —  Chtori 
on  beii;tene>  fonuing  substitution-productft,  iu  yt 
are  successively  rt^pjaced  by  the  balogcn  elemeul 
cotnpounds 

CaHjCl,         C,H^C1^        C.II,CI,,        C,n,C1, 

are  obtained.     The  foriQAtion  of  the  more  high' 
facllitttted  by  tbo  presence  of  iodine  or  of  ant^ 

MoHockhroltffUi'Hf,  C'^Ifjl?!^    ' 

L«Mttobi^rua  i 


TOLUENE. 
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Nitroh^nifnu. — Bentene  di^solvea  readily  in  stroBg  nitric  acid,  and  on 
adding  water  lo  the  aolution^  mtrohejisene^  V^ii^{^0^)^  beparates  out: 


CflUe    -f     NO,(OH) 


OH,     4-     CJf.NO,. 


i 


with 
^Lbentc 
B»ndk 

■QMfa 


It  [9  a  yellowish  liquid,  emelUng  like  bitter  nlmDudg,  and  hence  used  in 
perfumery;   it  is  known  commiTciiilly  hy  Ihe  incorrect  imme  of  artijicml  oil 
^K  ^f  almonds.     By  reducing  agents  it  lb  cotiverl4.Hj   into  auddobenzeue  or  ani- 
^Vllne,  C(,Hj(NjH),  which  will  be  d«;»eribed  among  orgimic  bascr^. 

fhmtr<ibrn2ttif^  C^H^N^t)^,  or  ^-^H^iNOj,).,,  produced  by  warming  benscno 
with  a  mixture  of  nitric  and  sulpburic  acidH,  is  a  white  subsiiince,  cryslal- 
lining  In  needier;  by  reducing  iigvnls  it  ih  converted  inio  diamido-bcnzcuo 
or  phcnyltine-diamiuGf  C^H|(NHj)j. 

An»tTivi5-c*>MPoyNi>9  of  Bkniekne,  —  Benzene,  altbougK  as  already  oh- 

aerved,  il  moftily  reacts  aa  a  j^aturutoil  molecule  —  cihibinng  indeed  in  its 

»^  ebemicttl  relations  a  very  cluae  resemblance  lo   Ihe  psirnfiin8  —  can  never- 

■■IhvleflSi,  under  certain  ci re umd:t rind's,  lake   up  6  atomB,  ur  3  moleculei««  of 

ITT  ohlorino  or  bromine,  forming  the  compoundi*  CuHgt'l^,  and  t'^HgUr-      These 

arc  crystalline  bndies,  obtained  by  es^pesing  beiiiene  lo  ^uuiihine  m  contact 

with  cblorintt  or  bromine;  the  former  also  by  mixing  the  vapor  of  boiling 

bentcne  with  chlorine.     Beniene  bexchloride  meka  at  182*^  C  {'llii^  F.j, 

boils  At  2HiP  C  (550°  P.),  being  partly  resolved  at  the  same  time  with 

oehloric  acid  and  trichlorobenicne,  Cgllgt.l^  =  3HC1  ^  CaHjCl^.     The 

dceompoditioti   13   ijuickly    pnxluced   by  beating  the  compound  with 

»faolic  solution  of  potash,     Bennene  hexhromide  exhibila  a  einiLhur  ra- 

action. 

Boniene  19  also  capable  of  uniting  directly  with  three  nnolecnlef*  of  hypo- 
ehtoraU4  Qcid^  forming  the  compound  I'fill'i^^Vl'ji^  or  C^ll^  .  3CIOH*  which  crys' 
tAlliiea  ID  thin  colorless  platea  melting  at  about  lli'^,  and  is  converted  hy 
frUtalies  into  a  saccharine  compound  called  phctiQ^c,  C^HnO^  isomeric  with 
gluootie  or  grape-sugar : 

c^ir/iaOj,   4.   muK  =   3KCI   -f    c*n,,Oj. 

Toluone,  C,Hg»  or  Methyl  bsnsfin«i  rjTIj{rHg).- — This  hydrocarbon,  which 
Imay  also  bo  regarded  as  a  compound  i^f  methyl  with  the  univnlent  radical, 
Ibhenylt  1.  «.,  as  phenyl-m ethyl,  t.',l!j,  Cllj,  is  produced  :  Synthetically  ( I )  by 
l{be  action  of  sodium  on  a  laixmre  of  bromobenxeno  {phenyl  hromidv),  and 
Imcthyl  iodide : 

CgH.Br  +  Cn^r  -f  Na,  =  NaBr  -f  Nnl  +  C,H,.0% 

(2)  By  the   mutual  action   of  benieno   (pbenyl  hydride),  and  methane 
[(metiijl  hydride  J,  in  the   nasecnt  slate,  as  when   a  mixture  of  2  pnriM  of 
Mlium  acetate  and  1  part  of  sadium  henzoate  is  subjected  lo  dry  distilla- 
.iou: 

II  is  alflo  produced  by  distilling  toluic  aoid^  C«H|qOj,  with  Ilmef  which 
,  ftbstracis  carbon  dioxide: 

CjH,^0,    ^    CO,    ^    C,H,. 

It  occurs,  together  with  boniene  ami  the  other  hydrocarbons  of  thefteHes, 
light  coal-tar  oil«  and   in   the  product;;  of  the  ditftilklion  of  wood,  tolii 
u,  tlragnn'8-bloud»  and  other  vegetable  substances;  and,  together  with 
'  other  hyflrocarhons,  in  Rnngoon  lar  or  Burmese  naphtha.  I 

Be  is  n  limpid  liquid,  smelling  like  benT.enc,  nwA  \\ivV\ivijl  -^  ^fe\v%\\^ 
Jmt  5^ a  (41°  R  K     U  boils  ai  UP  t:.  V-''-''  ^" *V  '^^^^  '^^'^'^ ^^*^  ^'^^^''^" 
— ^  ^'^^SO^a  f— 4*^^;,     In   reapect   of  8o\u\nV\lv  i^xv^  ^^X^^^taV  y^n^^t^vN- 
Ib  reijrmuch  like  &eiiione,  but  dissoWes  ttom«w\iibimQtf&  x^utoXl'm  «iv&^ite*s^ 
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When  treated  with  oxidizing  agents,  it  yields  benioio  acid,  CyBfi^  or  de- 
rivatives thereof;  with  potassium  chromate  and  sulphuric  acid,  it  yields 
benzoic  acid ;  and  by  prolonged  boiling  with  strong  nitrie  aoid,  nitroben- 
zaic  acid. 

Toluene  vapor  passed  through  a  red-hot  porcelain  tube  is  partly  resolved 
into  hydrogen  gas  (with  small  quantities  of  methane  and  ethine),  and  the 
following  liquid  products:  (1)  Benzene  and  naphthalene  in  considerable 
quantities.  (2)  A  crystallizable  hydrocarbon  volatilizing  at  28U^  C.  (686° 
F.),  and  probably  consisting  of  dibenzyl,  Ci^H,^.  (8)  A  liquid  isomerio 
with  the  last.  (4)  A  mixture,  distilling  above  8(X>°,  of  anthracene  with  an 
oily  liquid.  (5)  Chrysonc  and  the  last  decomposition-products  of  bensene. 
The  formation  of  benzene,  naphthalene,  anthracene,  and  dibeniyl  is  repre- 
sented by  the  equations: 

2CfIig  =  C|^H|^  -j-  Hj  i         2CyHg  =  C||H|^  -f-  oH^ 
Toluene.  DibenzyL  Toluene.  Anthracene. 

4C,IT8      =      3CeHe      +       C,oHg      +      8H, 
Toluene.  Benzene.  Naphtha- 

lene. 

ScBSTiTUTioN-PBODucTS  OP  ToLUEKE.  —  The  formula  of  toluene,  C«H,. 
CHg,  indicates  the  existence  of  two  series  of  substitution-products,  accord- 
ing as  the  replacement  of  the  hydrogen  by  other  radicals  takes  plaoe  in 
the  phenyl  atom  or  benzene  residue  or  in  the  methyl  atom ;  thus : 

CjII.a .  CH,  is  isomeric  with  C^U. .  CH,Cl 

Monochlorotoluenc.  Benzyl  chloride. 

0,11,(011).  ClI,  ««  Cells.  cn,(oii) 

Cresol.  Benzyl  alcohol! 

CeH.(NH).CH3  "  CeH, .  Cn,(NH,) 

Toluiuiue.  Bcnzylaminc. 

These  isomeric  derivatives  differ  considerably  from  one  another  in  their 
properties.  Those  on  the  left-hand  column,  formed  by  replacement  of 
hydrogen  in  the  benzene  residue,  are  comparatively  stable  and  indifferent 
compounds,  like  those  derived  in  like  manner  f^om  benzene  itself;  whereas 
those  on  the  right-hand  column,  formed  by  replacement  of  hydrogen  in 
the  methyl  atom,  are  more  active  bodies,  easily  exchanging  their  chlorine, 
hydroxyl,  &c.,  for  other  radicals  by  double  decompo.sition,  like  the  corre- 
sponding derivatives  of  the  paraffins  (p.  552).  Thus  benzyl  alcohol  treated 
with  hydrochloric  acid  yields  benzyl  ciiloride  (just  as  ordinary  ethyl  alcohol 
similarly  treated  yields  ethyl  chloride) ;  and  this  compound  heated  with 
ammonia  yields  bcnzylaminc;  the  chloride  is  also  easily  converted  into  the 
acetate,  cyanide,  &c.,  by  treatment  with  the  corresponding  potassium  salts. 
In  short,  these  last -mentioned  toluene  derivatives  exhibit  reactions  exactly 
like  those  of  the  corresponding  compounds  of  the  methyl  and  ethyl  series, 
and  may  in  like  manner  be  supposed  to  contain  an  alcohol-radical,  €.11^ 
culled  benzyly  or  tolyly  e.g.y  benzyl  chloride  =  CyH^.  CI;  benzyl  alconoi, 
C\n, .  OH  ;  benzylamine  =  C,!!, .  NH^  &c. 

Chlorololuenet. — The  action  of  chlorine  on  toluene  gives  rise  to  a  number 

of  substitution-products,  differing  in  constitution  according  as  the  reaction 

takes  place  at  high  or  at  low  temperatures.     Compounds  isomeric  with 

these  arc  also  obtained  from  benzyl  alcohol.     Of  the  two  monochlorinat«d 

contpouiuh  whose  existence  is  indicated  by  theory,  viz.,  monochlorotoluene 

and  benzyl  chloride,  the  first  is  provWc^Oi  «X Xo-w ,  N\v^  ^^^^^<3L  *l  compara- 

iirely  hish  temperatures,  as  when  to\uen<i  \a  d\*l\\\^^\tv  ^  <i\vcT«tiV  ^\  ^\^^x> 

ine  gaa,  keeping  the  temperature  \)ei^e^ii  WOP  aTi^\W  ^.  V:1W-«15W?  ^>, 
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Licliloro- 
toluene. 


Chlorololueno  hmh  at   157**-lo8*'  C.   (3H'^-,11ti*»  F.);    benzyl  chloride  at 
17tj'^,     Thu  furmer  treated  with  Bodiutu  yk^Wa  ttilueQe. 

Of  iiie  dichloriuAted  di^rivalives  of  (olucuc,  tkroe  isomcrB  maj  exbi,  tis.; 

c,H^ci ,  C5HCI  Cjiig ,  I  ■  n  CI,         ^ 

flilorobeiiiyl  CLlurobeuxol 

chloride.  (eo  called). 

The  first  does  not  appear  to  have  been  obtained,  at  least  in  the  pnrefltate. 
The  Becond  is  forme*!  hy  the  action  of  chlorine  on  beuijl  chloride,  or  on 
tnonocbliirotoUietje;  it  is  a  lit|uid  boding  domewbat  bidow  li(JO*^  C,  {'d^'I^  F,J, 
llVlieu  treated  ^vith  nluohulic  potaeh,  il  easily  ^tve»  up  hulf  its  chlorine  (that 
contAined  in  the  Diethyl  atom,)  btit  the  other  half  i«  more  obsiinutely  re- 
tained. Vhlorohenzot,  or  dicht&rvmtffit/l-hefurne^  is  produced  by  the  action 
of  pl*osphorus  pentachloridc  ou  henioic  aMehyde  or  bitter  almond  oil 
fC^Hjt>),  It  is  a  colorless  !»rrongly  refracting  oiU  whieh  boils  at  20yP  C, 
(4<.>a<'  F),  and  when  heated  to  l20^-ia()«'  C.  {24H°^2m*'  F.J  with  water  or 
Aqueous  potAth,  easily  gives  up  the  wholo  of  it«  chlorine  10  exchange  for 
OxygeUf  reproducing  benzoic  aldehyde: 

■  tVls^CHO,     +     OH,    =    2HCI     + 

■  Btill  p 


I 


tVls^CHO, 
Chlorobenzol. 


Cjir^coH 

Bensoio 
aldehyde. 

he  more  highly  chlorinated  toluenes,  C^HjCTIi  and  C^H^C1|,  admit  of  n 
Btill  greater  number  of  isomeric  modifications ;  but  we  cannot  here  describe 
thcoi  in  detail. 

The  hromotoluffifs  are  analogous  in  composition  and  mode  of  formation  to 
the  chlorotolucnes,  ami  exhibii  corresponding  i?onieric  modifications. 

Kilrotoiuenfs. — MononttrtJttthienf,  C^H^(NT>j),  is  formed  by  treating  toluene 
in  the  cold  with  fuming  nitric  acid«  and  j«epi&rates  on  addition  of  water  aa  a 
red  liquid;  but  oti  redinlilbng  ihig  liquid,  collecting  the  porlion  which 
pafiaes  over  below  2¥P  C  (4GI°  F. ),  anil  dissolving  it  in  alcohol,  it  is  ob- 
tmiocd  m  white  shining  crystals,  which  melt  at  ol°  C.  (129°  F.),  and  distil 
without  decomposition  at  23H^  C,  {4i'A)°  F.).  By  the  actioti  of  ammonium 
Butphide  it  is  converted  into  nmuhiuhtrnc^  or  InluifHni^  C^H-fl^Hj.  Dmifro- 
iofui^ne,  l\\\^iM}.^)^^  and  Trtmirufoiwnf,  1\H|(N<>,13,,  are  cVyatalliue  bodica 
obtained  by  Ireaiiug  toluene  with  hot  fuiuiiig  nitric  acid.  The  former  ia 
ooDT«rietl  by  ammoiiium  ifulphtik  into  nitrifiolmdiHef  C,U^(NO^(NIlj). 

XylABB,  r,H^o.  or  Dimethyl  benien©.  r,fT/cn,)j.  or  Helhyltnlttene,  C^Uj 
(Cll,)t  This  boily  is  produced  Mvuihetically  by  the  action  of  sodium  on  A 
mixture  of  broniotolut'ne  nnd  meUiyl  iodide : 

C.ff.Br    CHfl  -h  ri!,t  -f  Na,  =  KaBr  +  Nal  4-  CeH/CH»V 

It  ta  contained  in  liffht  coat-naphtha,  and  may  be  prepared  by  subjecting 
the  lea^t  volatile  portion  of  that  which  htis  been  distilled  off  in  benzene 
tnanufaetories  to  fractional  distillation,  to  p^epnrnte  the  portion  which  boils 
at  about  14l*>  a  (280^  F.);  this  porlion  ia  shaken  up  wilh  oil  of  vitriol 
containing  a  little  fuming  sulphuric  acid,  which  dissolves  the  xylene  as 
xyletic-sulphuric  acid,  CplLnSO,;  this  compound  is  decomposed  by'dry  dis- 
tillation ;  Find  the  xylene  which  passes  over  is  purified  by  washing,  drying, 
and  distilbiiion. 

Xylene  is  a  colorless  liquid  of  fpecifin  gravity  0*86  at  19^  C,  (<%*  F.)i    ^ 
and   boiling  al  189*»  C.  (2»2*»  h\).     When  passed   in  the  Mate  of  vnpor  B 
through  a  red-hot  tube,  it  ts  resolved  into  a  mixture  of  se^etal  Vv^KV\i>«ti^v-  ^| 
hf»ns,  among  which   ft  re   benxene,  I  nine  fie.  ^iyrMew^^  ^-^^v  TM».\^\\\%tiX^x^^'* 
Hftfhrurone,  nnd  it^  hifitwr  homologties.     TVie  tcjTm^CvcjTi  qI  «Qm«&  «A  x^qa%<6 
/»rcw/*icyj* /^  repfMenterf  by  the  follow  ing  cquaiVon^. 
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Wlien  trpnted  with  oxidiiing  ngents,  it  yk'lds  benioic  acid,  C^TTjOj,  or  de- 
rivtttivta  thereof;  wilh  potiisifimn  ehrouiato  und  sulphuric  ttcid,  W  jields 
beiuoic  acid ;  and  hy  prolongi^d  boiling  with  Biroug  nitric  acid,  mirob«D- 
Zttiti  aci<i 

ToUipne  Vfipor  pa«s<^d  tlirough  a  red-hot  porcelain  tube  iis  partly  rcBoWed 
into  l»ydr(*wini  gas?  (with  «miill  ([uuiuiiiea  ol"  methane  and  ctbine],  and  llie 
following  liquid  pruductH  :  {\)  BetiKutic  titid  uapblhalene  in  uousiderablc 
quu,nlitio».  (2)  A  cryBtallizable  hjdrofarbon  voUtili«i«g  at  1^^  t\  (680® 
F.)t  nnd  probably  congiHltng;  of  dibt'iizjl,  f'|(ll|4.  (3)  A  liquid  isomerio 
with  ilie  IttsU  (4)  A  iiiixture,  distilling  abovt;  litH/*,  of  anthrncfnc  wilh  an 
oily  litpiid.  {h)  Chrysene  and  the  hiat  dcconipoaition-prodiJCiH  of  benxone. 
Tiu<  fonniLtion  of  benxene,  naphthalene,  anthracene,  and  dibcuijrlu  rcpre* 
fl€ut(?d  by  the  cquntions: 

Totaene.  UlbtjiizyL  Toluene.  Auliiraceno* 

Toluuue.  Ben£cue.  Naphtha- 

lene. 

Sri!«TiTtiTiON-ptt0i>ncT8  OF  Toluene,  —  The  formula  of  toluene,  C^H^* 
Cllj^  indictilea  the  uxlBtence  of  two  «erieB  of  uuhtttilutioD-producis,  accord- 
ing i\%  the  replacement  of  the  hydrogen  by  other  radicals  lakca  place  m 
the  phenyl  atom  or  benzene  residue  or  in  the  methyl  atom;  thus: 

V^llfX .  CH,  is  isomorio  with  C^J\^ ,  CH^Cl 

Mouoehlorotulucne.  Benzyl  chloride. 

C^tL(OH).CHp  "  Cfllls.rH.lOlt) 

CresoL  Benxyl  ulcohuL 

To  I  ui  dine.  Bvnxylaniine. 

These  iaonieric  deriTatiYes  differ  considerably  from  one  another  in  their 
proporties.  Those  on  Iho  l^ft-hand  column,  formed  by  repljicement  of 
hydrogen  in  this  benzene  r*'sidue,  are  compiirntivt^ly  Htnble  and  iudifierent 
compounds,  like  those  derived  in  like  mnnner  from  beniene  itpclf ;  whereas 
those  ou  the  right-hand  coluTPn.  formed  by  replacement  of  hydropren  in 
the  ttielhyl  atom,  are  more  active  bodies,  ea^sily  exchanging  their  chlorine, 
hydroxy  I,  &c.,  for  other  radicEils  by  double  decomposition,  like  the  corre- 
Bponding  deriviitives  of  the  paraffins  (p.  5f>2).  Thus  benzyl  alcohol  treated 
with  hydrochloric  acid  yields*  bcnayl  chloride  (just  as  ordinary  ethyl  alcohol 
Rimihirly  treated  yield?  ethyl  chloride);  and  this  coinpound  heated  with 
amniouia  yields  benzyhimine;  the  chloride  ib  also  eii^ily  converted  into  the 
acetate,  cyjinidc,  &c  by  treatment  wilh  the  corresponding  pota*4.«iuin  falls. 
In  fcihort,  these  liist-nientioned  toluene  dentaiivea  exhibit  reactions  exactly 
liko  those  of  the  correj^ponding  compounds  of  the  melliyl  and  ethyl  eeries, 
and  may  in  like  manner  be  supposed  to  contain  an  alcohol-radical,  (^fH*, 
crilled  hru^yU  or  tohft^  e.^.,  benjtyl  chloride  ==:  C^H^.  Ci;  bcnayl  alcolioi, 
t\lL,OH  ;  benzylamine  ^  C^H^.NRy.  ifec. 

VhlvroiolutncM.—lh^  action  of  chlorine  on  toluene  gfiTes  rise  to  a  number 
of  subsiltution-producls,  differing  in  constitution  according  aa  the  reaction 
takes  place  at  high  or  at  low  temperaturefl.  Compounds  isomeric  with 
these  are  nl«o  obtained  from  benzyl  alcohol.  Of  the  two  momxHilorinaled 
componmh  ivho.Hc  existence  is  indicated  by  theory,  vis.,  juonochlorotoUiono 
and  bvniyl  t?hJoricle»  t  be  first  is  pToduced  ^^  Uvf ,  vVvt  wttiwl  «.l  comi^ra- 
ilvelx  high  temperatures,  as  when  toWeno  i'*  fc\\\\e*V  \tv  i^  «t>«"««TsV  vA  tWwt- 
iae  gms,  keeping  the  tcmpemlur©  V>etw«isii  WQP  «.u^^^WP  ^-  Vja^P-^a^^*  "^  ^ 
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Chlorotoluene  boik  at   IGT^-loS"  C,  (314^-.11G«  F.) ;    htmyl  cWorido  at 
17ti^.     Tlic  former  trciitcd  with  »odium  ylvhU  lolueinj. 

Of  tbe  dicliIoriuuLed  dvrivulivtfs  uf  tuluunt:,  thret^  isomers  tnaj  cxifit,  vb.; 

DicUloro-  (Jhlorobeiiiyl  Chlurobt^niol 

toluene.  chloride.  (so  called). 

The  first  does  not  appear  to  have  been  obtained,  at  least  in  rbc  piiregtute. 
The  second  is  formed  by  tUe  action  of  chlorine  on  benzyl  chloride^  or  on 
nionochlorotoUietit! ;  it  i^  a  liquid  boiling  somewhat  belovv  2tK)**  u,  {•i\i2:°  F.). 
When  treated  with  alcoholic  potash,  it  easily  gives  up  half  ita  chlunne  (that 
contained  in  the  methyl  aiom^)  but  tho  oiher  huLf  i8  moro  obt^tinately  ro- 
tjiLined,  ChloTohatzrd,  or  dichiorometht/i-b(nzf7u\  is  produced  by  the  actina 
of  phosphorus  pent itchlo rid©  on  betizoic  aldehyde  or  bitter  almond  oil 
rC^HjO).  It  is  a  colorless  strongly  refracting  oil,  which  boils  al  20*i^  C. 
(4<J:J°  F.),  and  when  hented  to  120°-100^  C.  (24tl'='-2B(j^  F.)  with  water  or 
aquoouii  polash,  easily  gives  up  the  whole  of  ita  chlorine  m  exchaugo  for 
oxygen^  reproducing  benzoic  aldehyde: 

(Vij.cncL  -f   on,  =  2HCI   +   c^iFs^coh 

Chlorob«naoL  Bemoic 

ttldehydc. 

The  more  hi^bly  chlorinated  toluenes,  C^H^fllji  and  C^lI^Cl^.  admit  of  a 
still  grenti^r  number  of  isoniQrio  Dioditications;  but  we  cantiat  here  describo 
Lheu]  in  derail. 

The  hromotfJumes  arc  analogous  in  composition  and  mode  of  fontintion  to 
the  chlorotoluenes,  and  exhibit  corresponding  ii«omeric  modifientions* 

Nitrofotuenrjt, — MimomtrfAohttut^  (.^^^(NOg),  i»  formed  by  treating  toluene 
in  the  cold  wi(h  fuming  nitric  acid,  and  separatei)  on  addition  of  water  as  a 
re<l  liquid;  but  ou  rcdit*tilUng  this  liquid,  collecting  the  portion  which 
pnases  over  below  240"^  C.  (4tj4°  F,)»  and  dii*Molving  it  in  alcohol,  it  '\»  ob* 
lAined  in  white  shining  crystals,  which  inelt  at  54°  C  (129°  F*),  and  distil 
without  decoinpo«itioii  at  ^iSH**  C.  (400*^  F.).  By  the  action  of  animooium 
iulphide  it  is  converted  into  amirlotoluene,  or  tofaidin/'^  C^II^fNll,).  Dinitro- 
tolu^Hn,  C,H^(N03)p  and  Trimtrutolufne^  ^^^^^hi^^i\^  are  cryslailinc  bodies 
ohliiined  by  treaiing  toluene  with  hut  fuming  uiiric  aeld.  The  former  is 
converted  by  ammonium  sulphide  into  uifrtHvluidinr^  C-jll^{KO^){^[\y). 

Xylene,  «\H,g.  or  Dimethyl-beniene,  rglT^lClIg),,  or  Methyl toluane,  CJl^ 
(CIIj),  This  body  m  pruduced  syutheiieully  by  the  action  of  sodium  on  a 
mixture  of  broinoiojuenc  and  methyl  iodide  : 

ClT^Br ,  CH,  -f  CH,I  +  Na^  =  NaBr  +  Nal  +  C.H,(CH,),, 

It  is  contained  in  light  conl-napbtha,  and  may  be  prepared  hy  subjecting 
th©  least  volatile  portion  of  that  which  has  been  diptillod  off  irt  benzene 
manufactories  to  finctional  diMilUiion,  to  scparati^the  portion  which  boils 
at  about  HI**  r.  (2Bl\°  F.);  this  portion  is  shjikeri  up  with  oil  of  vitriol 
conlrtining  a  little  fuming  sulphuric  ncid,  which  di^solvesj  I  he  xylene  as 
xylene-sulphnric  acid,  Cgll.pi^O,;  this  compound  is  decomposed  by  dry  dis- 
tillation ;  anil  the  xylene  which  passes  over  is  purified  by  washing,  drying, 
and  drxi illation. 

Xylene  h  a  coWless  licjuid  of  speciflc  graTity  0»8<>  at  19"  C.  (66**  F.). 
and    boiling  at   lJ^r>*>  C.  (2f<2'*  F.).     When   passed   in   Ihe  stnte  of  vapor 
through  a  red-hot  tube,  it  i^  resolved  Into  a  tnixturc  of  several  hydrocar- 
bons, among   wltieh   fire  bimzenc,   toluene.  »\yTw\<in«^,  ^^^'^^^i  \i«L\^V\^\v^«Vkft, 
&othrfnH*ne,  nrjd  itti  hi^hrv  homtilnpies.      l\w.  U\x\i\^\\^\i  sA  %^TSX%  «iV  >^^%'«i 
prodtwfujB  rvpresenicfi  hy  the  following  cc^uaUcitvat 
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C»H,o        -        H,        =        C,H, 
Xylene,  Styrolene. 

8C,H^        —        8H,        =        2CTHg        +        C^B^ 
Xylene.  Tolueae.  Styroloie. 

Toluene.  Anthraeene. 

Xylene  oxidized  with  a  mixture  of  sulphurie  acid  and  poiauium  ekromaU 
is  converted  into  terephthalic  acid,  Cg[Ie04;  dilute  nitrie  add  eonTerU  it 
into  the  intermediate  product,  toluic  acid,  CfiJJ^ : 


C,H„ 

-- 

0, 

= 

OH, 

+ 

C,HA 

t"t"» 

— 

0. 

= 

20H, 

+ 

C,HA. 

Chlorine  and  bromine  act  upon  xylene  in  the  same  manner  as  upon  toluene, 
forming  Hubutitution  derivatives,  which  are  susceptible  of  a  larger  number 
of  isumeric  modifications  than  those  of  toluene,  inasmuch  as  xylene  con- 
tains two  atoms  of  methyl,  whereas  toluene  contains  only  one;  but  they 
have  not  been  very  minutely  examined. 

There  are  three  nilroxylencs,  containing  respectiyely  C0Hj(NO,),  CjHg 
(NOj)^  and  r8^^(^^2)s  ^^^^  ^^^^  ^^^  second  are  produced  by  the  action 
of  cold  fuming  nitric  acid  upon  xylene.  Mononitrozylene  is  a  heavy  oil,  con- 
verted by  reducing  agents  into  xylidine,  C.Hf(NIl,);  <fmifrozy^«ii«  is  a  solid, 
which  separates  from  dilute  alcohol  in  shining  crystals,  melting  at  98^. 
Trinitroxt/lrnef  formed  by  treating  xylene  with  a  mixture  of  nitric  and  sul- 
phuric acids,  is  a  crystalline  body,  converted  by  reducing  agents  into  dini- 
troxylidine,  Cgn(;N0,)2(NH,). 

Ethyl-beniene,  CgHjC C^Hs).  isomeric  with  xylene,  is  produced  by  the 
action  of  sodium  on  a  mixture  of  monobromo-benzene  and  ethyl  bromide. 
It  is  a  colorless,  mobile  licpiid,  very  much  lik^olucne,  and  boiling  at  188* 
C.  (271°  F.).  By  oxidntion  with  potassium  chtomate  and  sulphuric  acid  it 
yields  benzoic  acid.  It  is  slowly  attacked  by  bromine,  forming  -monobrom- 
efhf/tbenzene,  i\l\^Br (C^U^),  which  is  a  liquid  boiling  at  2(H)°  C.  (8920  F.); 
whereas  monobromo-xylone  boils  at  about  203°  C.  (897°  F.).  Heoted  with 
bromine  to  10()°,  it  yields  more  highly  brominated  compounds,  which  arc 
also  liquid.  There  are  three  nitro-cthyl  benzenes,  which  are  all  liquid  at 
ordinary  temperatures. 

Isomeric  Hydrocarboni,  C^IIi,.  —  This  formula  includes  the  three  follow- 
ing isomeric  bodies: 

relT,(CII,),  CeH,(CA,HC,n,)  ^  0.11  rc,H,) 

Trimcthyl-benzene.        Mcthyl-ethyl-benzene.       Propyl-benzene. 

The  first  two  have  been  prepared  synthetically. 

TRTMBTnTL-BK!fXE!«R.  reHjCCH,),,  also  called  Coal-tar  Cumene,  and  Pseudo- 
cumenr. —Th'w  hy<lrocarbon  is  pro<lnced  by  the  action  of  sodium  on  a  mix- 
ture of  monobromoxylene  and  methyl-iodide  : 

CeHjBrCCn,),  -f  CH,I  -U  Na,  =  NaBr  +  Nal  +  CeH,(CIl3V 
From  cottl-tar  oil  it  is  obtained  by  heating  the  portion  which  passes  over 
in  fractional  distillation  near  its  boiling-point,  with  strong  sulphuric  acid,- 
decomposing  the  resulting  cumene-sulphuric  aci<l  by  distillation.  «nd  sub- 
ipcting  the  product  to  fractional  distillation.     It  boils  at  10<.    C.  (.i.n    ¥.). 
The  .*/imP  /ivdrocarbon  exists  in  T^urmeaii  tv^vV^Umv.    WUU  hromme  il  yields 
^.../>i..„orrimethylben^^^^^ 
large  white  iaminie,  meltmg  *t  iS**  V..  VA^a    if  V 
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iwund  appearfl  to  be  liquid.     No  nitro-denvatiTca  of  p»eud<>-«unie!ie  hftTo 
yet  been  obtained* 

MKTnYL-t;TMYi.-HKNZRNE,  oT  Ethyt^-tohtenib^  CaH^{CH5)(C2Hj),  is  pre- 
pared by  the  iiction  of  eoJium  on  a  mixture  of  monobrouiotoluenc  iind  ethjl 
bromide.  It  boila  uL  150'*  C-  (318**  F-),  and  when  oxidiied  with  potasBium 
chromat«  aad  (^ulpburic  acid^  yields  Lcrcpbihalic  ucid. 

PROPYif^BSNjcsNg,  or  Cdmknk,  CjHj(Cj,H^).^ — ^Tliia  bjdrocarbon  is  rtdnted 
to  cuoiinic  acid,  *'to''i/V  "^  ^^^  aaiiie  Tnunner  a*  bentene  to  beixxoiw  aoid^ 
mnd  is  produced  by  diHtilliug  cuminic  uvid  with  exce»a  of  barjtA; 

G„H.,0,    ==    CO,    +    C,H„. 

It  ia  alao  produced  from  phorone  (CigHj^O)  by  tbe  debydrating  actio d  of 
phosphoric  oxide : 

C,„Hi,0    -    OH,    =    c.n„. 

Cumenc  boila  at  152^-153^  C,  (305'='-7"='  F.),  By  trcaiment  with  pntagsium 
chroniale  aud  sulphuric  ugid,  or  by  prolonged  boiling  witb  dilute  nilric  ucid, 
ityidfijibeoioicaciU.  When  boiled  witb  strong  nitric  acid,  ii  is  converted  into 
nitro'benzoiti  acid.  Witb  chlvrine  it  yields^  aecunling  to  Fitlig,*  a  yiseid,  non* 
distilluble  oil,  probably  consisting  of  OjHijCI^.  Cunieue  disnolves  in  fuming 
nitric  acid,  and  walcr  addcMl  lo  tbe  e^ohiCiou  throws  down  nitrocumene, 
Cjtl^ilM).^),  aa  a  y*nU)w  oil,  wbicb  by  reduction  yields  amidocumene  or 
cumidine,  CjUji(Nir^). 

MiiaiTTLiENR. — Tbia  compound,  likf^wiac  iaom eric  with  ciimenc,  is  pro- 
duced in  small  quantity  by  distilling  iicetont;  made  up  into  a  paste  with 
(tand,  witb  strong  sulphuric  acid»  and  Is  purified  by  r**pi.vited  IructiotiiLl 
distillation,  fin  illy  over  sodium.  It  is  a  liquid  which  boils  at  1G;J°  C.  (325°  F,), 
and  when  oxidised  with  potasaiuni  chroniate  and  sulphuric  acid  yields  acetio 
acid,  but  no  benzoic  acid.  Heuco  it  itppcara  to  bave  a  coustilutiou  lolallj 
differrnt  from  that  of  the  aroujatic  bydrocurbons.  Treated  with  cold  fum- 
ing nitric  acid,  not  in  excess,  it  yields  liquid  nitromesitylene,  Cg,H|((NO,); 
when  dropped  into  cooled  fuming  nitric  acid  it  forms  crystalliznble  diiii- 
tromesitylene,  *^ftHu,{  NOj), ;  luul  wheu  treated  in  like  manner  with  a  mix- 
ture of  oil  of  viiriot  and  fuming  nitric  acid»  it  is  converted  into  trinitro- 
mcsitylenc,  CjH^(M>j)3.  These  three  nitrocompounds,  subjected  to  the 
action  of  roducin;:^  agcuta,  yield  the  three  (imido-eompounds,  aniitlo-meiii- 
lylene,  or  nir»«idine,  t]jH|,fNfij)^  nitromesidine,  C^H,g(rs*OJ(JiHj)»  and  dini- 
Iromettidine,  l\lIg(NOj),(NHj). 

laomeric  HydrocarboMj  €„Jf,^.  —  Theory  indicatea  the  existence  of  five 
b*)die^  of  ibia  group,  vix,,  ictramethybbenzene,  dimetbyl-etbyl-benzena, 
dicthyl-henjene,  metbyl-propyl-beiuene,  and  quartyl-benxene>  Of  these 
the  second  only  hn^  been  prepared  syutlictically^  Tetraniethyl-benxeno 
probably  occurs  amongst  tbe  products  of  ihe  destructive  distillation  of 
eoal;  but  it  hiw  not  been  isolated.  Cymene,  a  hydrocarbon  existing  in 
Tarious  essential  oilsi  is  probably  metbyl-propyl-benicue. 

DiMETHYL-KTiiTL-BeyzKNB,  Of  Ethyl-^ctxexk,  <^'flHj,(Cnj)j(rjTj),  IS  pre- 
pared by  treating  a  inixluro  of  monobromoxyl^'no  and  ethybbromidc  with 
ffodium.  It  boils  at  183^-184°  C.  (3Gl'>-,'3t>3*''  R).  With  hnjmmr  it  forms 
heavy  oily  compouods,  and  with  a  large  excc's  of  bromine  a  crystalline 
compound.  By  prolonged  warming  with  a  mixiiire  of  fuming  nitric  and 
sulphuric  acids,  it  yields  a  oryatallino  trinitro-derivative,  melting  at  119* 
C.  (246"  F,). 

Cymexb. —ThiH  name  rs  applied  to  two  iBometU  Yii^<\Y?v<iBLY\iOxv%^  C;  v^^x«, 
Bgreeing  la  compoBitiou,  hui  differing  in  some  of  ikcvt  v^^l*^*^^  •''^^  c\i*tTis.- 
f^*/  propertieif. 
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«,  O^mme. — Tfcif  hydrocarbon  exists,  together  with  ( 
the  esseniml  oil  of  Uoraan  cumin  {Cttmmvin  cyrninum),  and  niav  I**  ohUiiii4 
by  distilling  tlmt  oil  wiih  alcoholic  &olu(ion  of  potash,  I  ho 
being  converted  into  cymcnc,  *nd  the  cymene  which  eilsi- 
the  oil  pn^ijsing  over  ut  the  same  Lime : 


Cuininic 
aldehyde. 


+      K,0      = 

Potass  I  tim 
oxide* 


2C,^n„K0, 
roiA^iuoi 
ouminate. 


Cymeue. 


a  cymene  is  a  colorless,  strongly  refracting  oil,  of  9p.  ^,  0*86  at  tIP  ^ 

(57°  F.),  boiling  at  175^-178°  C.  {347«-352^  F.).     By  prolonged  boiling  i  " 
dilnlo  nitrio  acid  it  is  converted  into  toluic  acid,  C.H^(C<>,I1  j ;  with  str 
nitric  ncid  it  yields  nitrotoluie  aeld ;  and  by  boiling  with   pota&ftian 
mate  and  sulphuric  acid,  it  forms  terephttialic  acid»  CgH,^0^=C,H^rt 
According  to  Sievoking,  it  unites  with  chlorine  and  brouiine,  forniQ 
liquid  compounds  ^'i^tHi^rij  and  OvJ'iJ^'"!'  according  to  Fittig  nnd  ft 
it  tbrnii!  only  i^ubsiiiuLion-productfi. —  Cold  fuming  nitric  acid  f?f>nT*r»fl 
into  lit|uid  nitrocymene,  C,ijH,j(  NOj),  which  is  converted  by  redn  jt»l 

into  eyniidinp,  C,aH|j(NHj).     Ity  prolonged  heating  with  n  mix'  i\ 

and  Bulphnric  acida,  it  i*  converted  into  dinitrocyniene,  C,<,ll,j|N' 
crysfullixcs  from  alcohol  in  long  noodles  or  laminic,  meliing  at'  OO  o*< 
{l'j>l°  F.);  by  still  further  trt^aiment   (for  several  days)   with  ih«  mix 
acida,  tt  appears  to  yield  crystalline  iriniirocymene,  meltitijc  at  lOT'^C 
^.  Cifmme  Ia  obtained  by  heating  camphor  in  a  retort  with  liuo  chlorilo! 


c„n„  - 

Camphor. 


Cymene. 


The  product  is  purified  from  lighter  hydrocarbons  by  fractional  dblillation. 
0  cymene  hoils  at  177^-I7l>*  C.  (S51«»-350«*  F.).  It  does  not  yield  t^^rrpk- 
thaUc  acid  by  oiidaticm.  With  broniinc  it  easily  forms  the  crymnlline  com- 
pound r,^Hj.J4rj-  Nitric  acid  acts  upon  it  in  the  i  as  «A 
•  cymene-  but  tf  dinitrocymenc  crystallixcs  in  tbin  i  it  90*. 
and  is  easily  converted  into  0  trinitrocytncne,  whivr.  14^=^4*1^**1^2*  f^on 
alcohol  in  sbort  thin  prismB  meUing  at  112-5'*  C.  (2S4*>  F.), 

Amyl-beaienai    ^^nHjj-r^CflUjtf^H,,). — This,    which  is   the    only  known 
nrom-Llia    hydrociirhon   containing    11    carl>on  atoms,  is  produced  by  ti)« 

actiim  of  Hoflium  on  a  mixture  of  bromohentenc  and  amy!  > '  •  .i;'..'..-l 

with  benzene. *^     It  has  a  specific  gravity  of  0  8ii  at  12°  C.  ^ 

at   U*5°(.!.  (383^  F,),     With  chlorine  it  yields  viscid  produ 

acid  in  the   cold  a  liquid,   non-distillable   mononitro-derivate ;   at  higher 

temperatures,  dinitro-amyl-benzene. 


SucTfi  SiarEs,  C,  IIfa«f. 

The  only  Vnotrn  hydrocarbons  of  this  series  aro  pkfnyiefu^  ^9^^  •"^ 
a'nmimme,  or  tfi/rolmf,  Cglfi,  with  its  isofner.  metacinnameao. 

Of  phmphne  very  little  is  known.  A  liquid  having  the  eotnpofiitioft 
C1H4,  and  boiling  at  91*'  C,  (IIMJ**  F.),  was  found  by  Church  f  among  ths 
prorliicta  of  the  decompoMiJon  of  monoe!tloro-beu*enc  by  pnditim  amalgfiiu. 
It  is  probably  also  formed,  together  with  beuxene,  when  diphenyl,  C,^H|^ 
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is  pMsed  Uiroagh  a  red-hoi  tube,  but  is  subeequentljr  conyerted  into  the 
polymeric  body,  obrysene:* 

C„Hw    =    C«H.    +    CeH4;     and    SCell^    =    CjsH,,. 
DiphenyL     Benzene.     Phenylene.      Phenylene.    Chrysene. 

Cianamene,  or  Styrolene,  C,Hg,  is  produced — 1.  Synthetically:  a.  By 
passing  a  mixture  of  benzene-vapor  and  ethine,  or  ethene,  through  a  red- 
hot -tube: 

CeH    +     C,H,    =    CeHg;  CgH,    -f    C^H^    =    CgH,    -f     H, 

Benzene.      Ethine.        Cinna-       Benzene.      Ethene.       Cinna- 
mene.  mene. 

The  second  method  yields  it  in  larger  quantity  than  the  first. 

fi.  In  like  manner,  together  with  benzene,  from  diphenyl  and  ethene : 


Cii^io    +     CjH^    =    CgHg    -f    C^H, 


6- 


2.  In  the  decomposition  of  xylene  which  takes  place  when  the  vapor  of 
that  compound  is  passed  through  a  red-hot  tube:  C^H^^  =  CgH,  -{-  H, 
(p.  497). 

3.  By  distilling  cinnamic  acid  with  baryta,  which  removes  carbon  dioxide : 

C.HgOj    =    CO,    -f    CgH,. 

4.  Cinnamene  is  contained  in  liquid  storax,  and  may  be  separated  by  dis- 
tilling the  balsam  with  water  containing  a  little  sodium  carbonate,  to  retain 
oinnamic  acid. 

Cinnamene  is  a  very  mobile,  colorless  oil  of  specific  gravity  0-924.  It 
boils  at  1450  C.  (293°  F.),  and  does  not  solidify  at  — 20<>  C.  (68*>  F.).  When 
heated  to  200°  C.  (392°  F.)  in  a  sealed  tube,  it  is  converted  into  a  white, 
transparent,  highly  refractive,  solid  substance,  called  metacinnamene  or 
metattyrolene.  This  substance,  when  heated  in  a  small  retort,  yields  a  dis- 
tillate of  pure  liquid  cinnamene. f 

A  mixture  of  cinnamene  vapor  and  ethene  passed  through  a  red-hot 
tube  yields  large  quantities  of  benzene  and  naphthalene.  The  first  is  pro- 
duced from  the  cinnamene  by  abstraction  of  C^H,;  the  second  according 
to  the  equation : 

CgHg        +        ^2^4        =        ^10^8        ~h        2H,. 

A  mixture  of  cinnamene  and  benzene  vapors,  passed  through  a  red-hot 
porcelain  tube,  yields  anthracene,  C|4H,o,  together  with  small  quantities  of 
other  products: 

C,H,        +        C,n,        =        C^H,,        +        2Hr 

Cinnamene  acts  with  chlorine  and  bromine  like  a  bivalent  radical,  form- 
ing the  compounds  CgHgCL  and  CgHgBr,,  which,  when  treated  with  alcoholic 
potash,  give  up  HCl  and  HBr  (like  the  corresponding  ethene-compounds), 
leaving  chloro-cinnamene,  OgH^Cl,  and  bromo-cinnamene,  CgB^Br.  Accord- 
ing to  Laurent,  cinnamene  yields  with  chlorine  a  hexchloride  of  dichloro- 
cinnamene,  CgHgCl,.C)g;  if  this  be  correct,  cinnamene  must  be  regarded 
as  a  sexvalent  radical. — Metacinnamene  is  also  acted  upon  by  bromine, 
but  with  considerable  difficulty.  —  Both  cinnamene  and   metacinnamene 

•  Barthdnt,  Jnhrctbericht  fUr  Chemie,  1866,  p.  M4. 

t  It  was  formerly  Bnppomti  that  cimmmono  proparwl  from  c\nT4ATO\c.  «ic\^  "wti^xvcA.  t«i\vN«\.^ 
^^milato m  itot/d nuMJigcHtionJikc  Btyrolene  from  Morax:  \wnc©  Ih©  t^o  nrw^t^^tA*^** 
iMM^oo/  Mentlcnl;  hut  Uter  rraearchoft  have  whowu  that  uur©  ciUYMaiv<&n«  tcom  ^WJ^mNa 
sOdJf  Ukewite  coarerUblo  into  aolid  metacinnamene. 
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treated  with  fuming  nitric  &oid  yield  mononitnted  deriTAtlTM,  C^^(S^: 

that  obtained  from  cinnamene  is  crystalline;   that  ttwa  — * 

amorphous. 


Sktexth  Sbribs,  C.H,^,y 

The  only  known  hydrocarbon  belonging  to  this  series  is  one  eontaiBing 
C^H^j,  which  is  formed  by  dehydration  of  cholesterin,  C^U^O  (a  crystal- 
liue  compound  contained  in  bile  and  biliary  oaUnili).  It  has  been  bat  little 
examined. 

Another  member  of  the  same  series,  CmHj^  might  perhaps  be  formed  by 
heating  bromocinnamene  with  sodium  eUnyUte  (C,IIfBr-{-CgB^aO==Na& 

-j- Oil  J-|- C  IqII  IQ.  ) 


EiQHTH  Series,  C.H,^tr 

Of  this  series,  also,  only  one  member  is  known  with  certainty,  namely, 
naphthalene,  ^'lo'U'  produced  in  the  distillation  of  coaL  According  to 
Ctiaucel,  two  hydrocarbons,  isomeric  or  polymeric  with  this  body,  are 
formed  in  the  dry  distillation  of  calcium  benzoate ;  but  they  haye  not  been 
much  studied. 

Naphthalene,  C,0Hg. — This  hydrocarbon  is  produced,  as  already  ob- 
served, in  the  dceom position  of  toluene,  xylene,  and  cumonc  at  a  red  heat; 
al80  by  passing  vapor  of  benzene,  cinnumenc,  chrysene,  or  anthracene 
through  a  red-hot  tube.  It  is  formed  in  large  quantities  as  a  by-product 
in  the  preparation  of  coal-gas,  its  production  doubtless  arising  from  reac- 
tions similar  to  those  just  mentioned.  'When  the  last  portion  of  the  volatile 
oily  product  which  passes  over  in  the  distillation  of  coal-tar,  is  collected 
apart  and  left  to  stand,  a  quantity  of  solid  crystalline  matter  separates, 
which  is  principally  naphthalene.  An  additional  quantity  may  be  obtained 
by  pushing  the  distillation  until  the  contents  of  the  vessel  begin  to  char; 
the  naphthalene  then  condenses  in  the  solid  state,  but  dark-colored  and 
very  impure.  By  simple  sublimation,  once  or  twice  repeated,  it  is  obtained 
perfectly  white.  In  this  state  naphthalene  forms  large,  colorless,  trans- 
parent, brilliant,  crystalline  plates,  exhaling  a  faint  and  peculiar  odor, 
which  has  been  compared  to  that  of  the  narcissus.  Naphthalene  melts  at 
80°  C.  (17*5°  F.)  to  a  clear,  colorless  liquid,  which  crystallizes  on  cooling: 
it  boils  at  212°  C.  (414°  F.),  and  evolves  a  vopor  whose  density  is  4-528. 
When  strongly  heated  in  the  air,  it  inflames  and  bums  with  a  red  and  very 
smoky  light.  It  is  insoluble  in  cold  water,  but  sohiblc  to  a  slight  degree 
at  the  boiling  temperature;  alcohol  and  ether  dissolve  it  easily;  a  hot 
saturated  alcoholic  solution  deposits  fine  iridescent  crystals  on  cooling. 

Naphthalene  dissolves  in  warm  strong  sulphuric  acid^  forming  two  crys- 
talline acids:  sulphonaphthilic  acid,  (^fo^'s^^V  ^^^  disulphonaphthalio 
acid,  (^lolIgSgOf,  both  of  which  form  soluble  barium  salts. 

Naphthalene  unites  directly  with  4  atoms  of  bromine  and  chlorine,  forming 
the  compounds  C-,oHgCl4  and  C,oIIgBr4.  It  also  forms  a  great  number  of 
substitution-products  with  these  elements,  bromine  being  capable  of  replac- 
ing from  1  to  4,  and  chlorine  from  1  to  8  atoms  of  hydrogen  in  naphthalene; 
there  are  also  several  derivatives  containing  both  bromine  and  chlorine, 
f.ff.,  Cj^UjBrfiL.  Many  of  these  substitution-derivatives  are  susceptible 
of  isomeric  modifications  differing  from  oue  «livo\Wt  \iv  vVv^Vt  v^'^wial  \jro- 
pertiea.  The  chloro-  and  bromo-napVilViaV^Tv^*  axfi  <ia,^tk\A^,\\V^  wj^^VvW 
Jene  itself,  of  uniting  with  4  *ioma  ot  broiamfi  ^t  cYjX^xm^,  wi^^YVJb.'L 
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moleetiles  of  hydrochloric  or  hydrobromie  acid,  forming  each  compounds 
as  C,eH,Cl,.Cl4,  CK»H,Br,Cl,.2HCl,  &c  * 

With  strong  niirie  acid,  naphthalene  yields  the  three  substitution-products, 
C,pHt(NO,),  C„He(NO,)y  and  C»Hj(NO,)y  all  of  which  are  white  crystalline 
Bolids.  The  first  is  conyerted  by  reducing  agents  into  amidonaphthalene, 
naphthalidine,  or  naphthylamine,  C,0Hf(NUJ. 


Ninth  Sbbus,  C.Hy 


il 


Two  members  of  this  series  are  known,  tIs.,  d^hmyl^  ^xflw'  ^"^^  dtbm' 
^yh  (^14^14;  they  are  so  called  because  their  molecules  are  the  doubles  of 
the  hypothetical  monatomic  radicals,  phenyl,  Q^VLgt  and  benzyl,  €,11^. 

Biphanyl,  C„H,^  is  produced:  (1)  as  already  observed,  by  passing  ben- 
lene  vapor  through  a  red-hot  tube:  2Cfi^-=Ci^\\^-\-\L^  (2)  By  the  action 
of  sodium  on  phenyl  bromide  or  monobromobensene : 

2C,H,Br    +    Na,    =    2NaBr    +    C„H,^ 

(3)  Together  with  other  products,  by  the  action  of  alcoholic  potash  on 
nitrate  of  diazobenzene :  f 

2C,H,N,      +      C^fi      =      C.,H„      +      C,H«0      +      2N, 
Diazobenzene.         AlcohoL  DiphenyL         Aldehyde. 

Diphenyl  appears  also  to  be  one  of  the  constituents  of  crude  anthracene 
p.  501),  and  passes  over  in  the  distillation  of  that  substance,  at  about 
.G(y>  C.  (60(y>  F.) 

Diphenyl  crystallizes  from  alcohol  in  iridescent  nacreous  scales,  which 
melt  at  about  60°  C.  (140°  F.^,  sublime  at  a  higher  temperature,  and  boil 
at  about  240°  C.  (464°  F. ).  It  is  converted  by  bromine  into  dibromodiphenyl, 
C„HgBr^  and  by  fuming  nitric  acid  into  dinitro-diphenyl,  C|,H3(N02)(.  The 
latter  is  converted  by  hydrogen  sulphide  into  diamido-diphenyl  or  ben- 
sidine,  C|.Hg(NH,)y  a  crystalline  base,  which,  when  treated  with  nitrous 
acid,  yielus  the  nitrate  of  tetrazodiphenyl  or  diazobenzidine : 

Ci,HrtN4    +    2NH0,    =    C„HeN4    40H, 
Diamido-  Nitrous  Tetrazo- 

diphenyl. acid.  diphenyL 

Oibemyl,  C„H„,  is  produced  by  heating  benzyl  chloride,  C,H,Cl,  or  ben- 
sylidene  bromide,  C^H^Br,  (a  product  of  the  action  of  phosphorus  penta- 
bromide  on  bitter-almond  oil),  with  sodium.  It  is  a  crystalline  solid,  insol- 
uble in  water,  but  soluble  in  alcohol  and  ether;  melts  at  about  62°  C.  (126°  F.), 
and  distils  without  decomposition  at  284°  C.  (648°  F.).  When  treated  with 
bromine  and  water,  it  yields  the  substitution-products,  C,4H„Br,  C^IIuBr^ 
CM^ii^^'r  *"*^  C,4HgBr0,  all  of  which  are  crystalline  at  ordinary  temperatures, 
except  the  first,  which  is  an  oil  solidifying  when  cooled  below  0°,  Dibcnzyl 
also  unites  directly  with  bromine^  forming  the  crystalline  compound  C^HuBr- 
Fuming  nitrte  acid  converU  it  into  dinitro-dibenzyl,  C,4H„(N0j)^  which 
crystallizes  in  needles,  and  is  converted  by  reducing  agents  into  th^  oorre* 
q^ding  amido-compound,  C,4H„(NH,),. 

t  S^  ^*itt  2!?"*»»~7  ^^  Chemistry,  vo\.  Vv.  ^.  ^, 
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Tkxtr  Serus,  C.H,».||. 

Of  this  series  only  one  member  has  hitherto  been  obtained,  Tii.,  ttShmg^ 
Ci^II,^  which  is  formed,  together  with  other  products,  by  beating  ben^l- 

idene  Hulphide : 

8r,H-S       =       2C,.II„      +3H^      +      2C8,     +     88H, 
Bcnxylidene  Stilbene.         Thionessal. 

sulphide. 

It  orystalliies  in  colorless  plates  having  a  mother-of-pearl  Instra,  melts 
above  lOO^",  and  boils  at  292^^  C.  (66a<»  F.).  It  forms  subsUtution-prodneU 
nith  chlorine,  bromine,  and  nitric  acid,  and  unites  directly  with  chlorine, 
forming  the  compound  C|4H„Clr 


Eleventh  Sbbibs,  C.H,iH.|r 

Anthracene,  or  Paranaphthalene,  Cj^H,^  is  produced:  (1)  By  passing  a 
mixture  of  benzene  with  etheue  gas  or  cinnamene  vapor,  or  of  diphenyl  or 
chryRcne  vapor  with  ethene  gas,  through  a  red-hot  porcelain  tube ;  also  by 
exposing  a  mixture  of  benseno  and  naphthalene  vapor  to  a  white  heat: 


2c,ii.    +    c,n« 

Bcuzeue.  Etheue. 


=      8H,      + 


Anthracene. 


C.H, 
Beuzeue. 


+    c,n,    = 

Cinuamene. 


Diphenyl.  Ethene. 

Chryseue.  Ethene. 


2H.     + 
H.     +. 


Anthracene. 


Anthracene. 


Benzeue.      Anthracene. 

Naphthalene.        Benzene.  Anthracene. 

Also  when  toluene,  xylene,  or  cumene  is  passed  through  a  red-hot  tube 
(pp.  49fi,  407). 

Anthracene  is  produced  in  the  dry  distillation  of  coal,  bituminous  shale, 
and  wood,  and  is  contained  in  the  last  heavy  and  semifluid  portions  of  the 
tur,  nt  first  together  with  nnphthalcne.  finally  with  chryscne.  A  com- 
mercial product  of  this  kind,  used  as  a  lubricator  for  machinery,  is  yellow, 
soft,  somewhat  like  palm-oil,  and  contains  anthracene,  together  with  several 
of  its  homologues  and  other  hydrocarbons.  To  obtain  pure  anthracene, 
the  crude  commercial  product  is  di8tillc<l  from  an  iron  retort,  the  first  and 
Inst  portions  of  the  distillate  being  rejected,  and  the  intermediate  portion 
crvstallized  either  from  alcohol  or  from  coal-oils  boiling  between  \WP  and 
1200  0.  (212«-248»  F.). 

Anthracene  forms  small  colorless  micaceous  laminro,  of  sp.  gr.  1*147, 
melting  at  about  21  Jl**  C.  (415°  P.),  subliming  slowly  nt  100**.  more  quickly 
at  a  stronger  heat,  and  boiling  between  220°  and  236°  C.  (428<»-44li«>  F.).  It 
is  insoluble  in  water,  but  dissolves  easily  in  boiling  alcohol,  more  abundantly 
in  ether,  benzene,  and  volatile  oils,  especially  oil  of  turpentine.  It  forms 
substitution-produets  with  brominf  and  chlorine.  Dibromanthraccne  unites 
with  bromine^  forming  the  compound  C^^HJftr^.'&Ty  ^ixd.  «^\^T«Albracene 
formn  n  hydrochloride  containing  C^^iCV .  nCV. 
Aiithraoeae,  boijed  wi^i  mtrh  ocidfoT  lome  aL«9%\%  ^i^T«^l^JlA\3B!L^  «««»- 
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ikrattnt^  C,^HgO^,  or  Cj^flgO .  O,  and  if  fiiuiing  nilric  acid  b©  added  from 
time  to  tinio,  dtmlrozanihrarfnf,  L\Al^{SO^).f>j^  is  oblaineil. 

Pf/rcne^  A  hydrocarbon  obUiiiied  by  Jjuurtfui,  together  with  chryseiii?,  from 
the  leuat  voUtLle  poriiya  of  coal-tar^  Appears  to  be  identical  witli  antkra- 
cene, 

Criid«  anthracene  containM  also  seTeral  hydrocarbonB  homologouB  with 
anthracene,  and  leas  volatile  Ibati  anthracene  itself;  amnng  others,  mffhjt- 
arUhracme,  Cis^i^^  or  CjiHJCHg),  which  is  iikniical  with  the  paranaph- 
tlialene  of  Ditiim^,  and  fftramethf/i-anihracmr,  or  rrtrnt^  ^'i|tl  is<  "i"  f*i4JI(  ( t'H,)^. 

Hedtne,  which  in  polymeric  with  bcDzeiie,  likewise  occurs  in  Ihin  iincitJi>n3 
scaleii  on  fossil  piiie-stems  in  beds  of  peat  and  lignite  in  Denmark  and  other 
localitlea.  It  is  produced  also  in  the  dry  distiJlatiftn  of  very  resinous  fir 
and  pine-woml^  paa^ing  over  togelher  with  the  heavy  tar-oil,  and  separating 
in  scales  like  parafTm.  It  is  uoluble  in  warm  alcohol  and  ether,  and  dis- 
BoWes  easily  in  oils  both  fixed  and  volatile  ;  sulphuric  acid  converts  it  into 
dituiphoniic  addf  C^UigSjO^ 


TwxiFTH  Series^  C,Hto=*i, 

Chryiftnei  CnHu.  is  produced,  together  with  tietinene,  by  heating  diphenyl 
for  an  hour  in  a  »eal<»d  tube  tilled  with  liydrogen,  the  diphenyl  bmng  prob- 
ably resolved  in  the  first  instance  into  beuieiie  and  pheuykne,  which  latter 
ia  ihen  polymerised  into  chrysene; 

Diphenyl.     Benicno.      Phenyl-        Phenyl-       Chrysene, 
ene.  ene. 

Chryaene  ja  also  found,  togelher  with  benzerythrene  (p.  493|,  in  the 
Iwt  produet  obtained  by  the  di»tillatiot!i  of  crude  anthracene,  and  in  the 
residue  left,  in  the  retort;  in  larger  quantity  a  bo  in  the  last  products  of 
(he  dJstilhition  of  pitch.  Laurent  likewise  obtained  it  together  with  pyrene 
(anthracene)  by  the  dry  diatilluJion  of  fats  and  resins.  Pure  ehryseno  has 
a  tine  yellow  color.  It  is  insoluble  in  alcohol,  nearly  insoluble  in  ether, 
and  is  deposited  from  boiling  oil  of  turpentine  in  yellow  cryHtalUne  fiakea. 


APPENDIX  TO  nTDROCARBQNa. 
PHroleum,  Naphtha,  and  oihfr  alHed  Subgiancei,  * 

Pit-coal,  liffnite  or  brown  coal,  jeU  hitamtn  of  various  kinds,  pttrokum  or 
Tock-oU,  and  naphthn,  and  a  few  other  allied  substaneea  more  rarely  met 
with,  are  looked  upon  as  products  of  I  he  decuui position  of  urgauie  nuilter, 
especially  vegetabie  matter,  bt-neath  the  surface  of  the  earth,  in  sttiiationa 
whore  the  conditions  of  contact  with  water,  and  nearly  total  exclusion  of 
atuu>!ipheric  air,  arc  fulfilled.  [>epo«<Lilt>d  at  the  bottom  of  seas,  lakes,  or 
rivern,  and  subse(j,uently  covered  up  by  accumulations  of  clay  and  sand 
hereafter  destined  to  beeouie  shale  and  griti^torie,  the  organic  tissue  under* 
goes  a  kind  of  fermentation  by  which  the  bodies  in  question,  or  certain  of 
tlietUi  are  slowly  produced.  Carbon  dioxide  and  marsh-gas  are  bye-pro* 
dttcU  of  the  reaction  ;  hence  their  fre(foe«t  disengagement^  Ihe  first  from 
beds  of  lignite,  and  the  second  from  the  further  advanced  and  more  per- 
fect coal* 

The  regeinbJe  origin  of  roal  haB  befcn  p\aced  Yje^nw^  ^li^jJoN-Xi^  \dSr.to^ 
£eopw  re»eMrcb;  regetnblc  structure  can  be  Ihuft  deVccV-t^i  ^^<tTv'\ii'V>ttfcTas«^. 
43 
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msisiTe  and  perfect  Tariotiea  of  coal  when  cut  into  thm  Flieet.  fn  eoJil 
inferior  quiillty,  much  mixvil  wilh  c^aHhy  laiiUor,  it  is  evident  lo  tUe  e; 
TUe  leaves  of  ferns,  reeds,  und  uthtT  succulent  plants,  more  or  less  rese 
blin;^  those  of  t lie  tropics*  lire  found  in  a  compressed  Mate  between  i 
layers  of  i«hiile  or  bHIj  clay,  preserved  in  the  most  beautiful  manner, 
entirely  converted  into  bituminous  coaL  The  coaU mines  of  Europe^  aj 
particularly  those  of  our  own  country,  furnish  an  almost  complete  fo; 
flora — a  history  of  many  of  the  now  lost  species  which  once  decorated 
snrfaee  of  the  earth. 

In  the  lignites  the  woody  structure  is  much  more  obTious.     Beds  of  I 
materijil  arc  found  in  very  many  of  the  newer  strata,  above  the  true  coi 
to  which  Ibey  are  consequently  posterior.     As  an  article  of  fuel*  bro 
Coi\  is  of  comparatively  small  value;  it  resembles  poat,  givitig  but 
tlame,  and  emitting  a  disagreeable  pungent  smelK 

Jet,  used  for  making  black  ornnnients,  is  a  variety  of  lignite. 

The  true  bitumens  are  destitute  of  organic  structure:  they  appear 
have  arisen  from  coal  or  lignite  by  the  action  of  subterranean  heat;  ai 
very  closely  resemble  some  of  the  products  yiebk'd  by  the  destructive  dii 
tllkti'in  of  those  bodies.  They  are  very  numerous,  and  have  yet  been  b 
imperft-'ctly  studied. 

1.  Minrrul  pitchy  or  Compact  hit vmfTi,  tbo  aMph&ltum  or  Jew^s  pitch  of  BOi 
authors. — This  subfttance  ocrurs  ahundautly  in  many  parts  of*the  world 
as  in  the  neighborhood  of  the  Dead  Sea  in  Judea;  in  Trinidad,  in  ti 
famous  fitch  lakf^  and  eliiiewherei  It  geueraUy  resembles  in  aspect  com- 
moti  pitcli,  betng  a  little  heavier  than  water^  easily  melted^  very  intiiia 
mable,  and  burning  w  ifh  a  red,  smoky  Same.  It  consij^ts  principally  of  a 
aubstance,  called  by  Ilos«singiiult  afphattrue,  composed  of  C^U^fV,.  It  is 
worthy  of  remark,  that  Laurent  found  paranaphthalcne  in  a  native  mineral 
pitch. 

2.  Mineral  tar  seems  to  be  essentially  a  aolution  of  asphaltcne  in  an  oilj^ 
fluid  called  pftroUne.     This   liquid   has  a  pale-yellow  color,  and  peeuli 
odor;  it  is  lighter  than  water,  and  very  comhustihle,  und  has  a  high  ho 
ing-point.     It  has  (he  same  composition  lis  the  oils  of  turpentine  .t 
peel — ^namely«  C,oHjj,     Asphaltene  contain»,  consequently*  the  » 
petrolene.  together  with  a  quantity  of  oxygen,  and  probably  ai.^ 
the  oxidation  of  (hat  substance. 

il.  Elastic  hitumrn  ;  mmtral  caoutchouc. — ^Thia  curious  subslanoe  has  on] 
been  Tounil  in  three  places:   in  a  letid-mine  at  Castleton,  in  Derbyshire  r 
at  Montrelais,  in  Franco;  and  in  the  State  of  Massaoiiusetta.     In  the  two 
latter  localities  it  oemirs  in  the  coal  series.     Ilia  fusible,  and  in  many 
,8pecta  resembles  the  oibrr  l>itiiirieiia. 

Under  the  names  prtrohum  or  rock-nil  and  naphtha  arc  arranged  vario 
mineral  oil-i  whieli  nre  observed  in  many  places  lo  issue  from  the  earti 
often  in  considerable  abundance.  There  is  every  reason  to  suppose  thi 
these  owe  thoir  origin  to  the  action  of  internal  heat  upon  beds  of  coal,  i 
they  are  usually  found  in  connection  with  such.  The  term  naphtha  is  gtv 
to  the  thinner  and  purer  vtirieties  of  rock-oil.  which  are  sometimes  near] 
colorless  I  the  darker  and  more  viscid  liquids  bear  the  name  of  petroleum. 

Some  of  the  most  noted  localities  of  these  substnnoes  are  the  followiwf 
The  north-west  side  of  (he  Caspian  Sea,  near  Baku,  where  beds  of  mai 
are  found  nut u rated  with  naphtha.  Wells  are  stink  lo  the  depth  of  about  3 
feet,  in  which  naphtha  and  wnier  collect,  and  are  easily  separated.  In  somi 
parts  of  this  district  so  much  combustible  gas  or  vapor  rises  from  tl 
ground,  thiit,  when  set  on  Are,  it  coiiiinues  burning,  and  even  affords  bei 
for  eenijomii^al  jnirposcs.  A  large  *nmnlity  of  an  impure  variety  of  petr< 
lettm  comes  from  tJio  Birman  tetVv\ovy  \n  V\\e /Eftftl  XivvWe**.  v\\vi*:«iv\xv\Tr\i24 
aijsts  of  ssLudj  cby,  resting  on  a.  setVe^  ot  i>.\UviiiiVia  %v\a.\'aQl  m^ft^^v^^w 
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nfmlo.     Beneatli  these  occurs  a.  bed  of  palo-lilue  sbale  loaded  >vi(h   petro* 

Ik'iim,  which  lies  iiunjed lately  on  conl.     A  petroleuui-sprtiig  exists  at  Cole- 

irook  Drtle,  in  ShropHhirt\  and  immense  qiuinlities  come  now  from  Canada, 

f^J*cnns_vlvani«»  and  other  parts  of  North  Araeriua.     The  »ua  near  the  Cape 

de  Venl  Inlands  has  been  mccn  covered  wiihafjim  of  rock-olL     Fine  spoci- 

meu9  of  naphtha  are  furnished  hj  Iialy,  where  it  occurs  in  several  plaees. 

In  proof  of  tbe  origin  attributed  to  these  pubs^lancea,  an  old  eipenmeat 

of  Keichenbaoh  may  be  cited,  who,  by  diHlilling  with  ^v»tcr  about  100  Iba. 

^^  of  pit-eoal,  obtained  nearly  2  onnees  of  an  oily  liquid,  exactly  resembling 

^B^lbe  nntiiral  naphtha  of  Amiano^  in  Italy.     The  luaDufacture  of  Buch  pro- 

^B*<luct9  (paraffia  oib)  by  distilling  Boghead  and  other  kinds  of  coal  at  a  low 

^Bred  heat,  is  now  condueted  on  a  yery  large  scale  (p.  47ri). 

^^     The  variationa  of  color  and  consistence  in  different  specimens  of  rock- 

^B  oil  depend  in  great  measure  upon  tbo  presence  of  pitchy  and  fatty  sub- 

^Btiauce»  dissolved  in  tho  inoro  Huid  oil. 

The  boiling  point  of  rock-oil  varies  from  about  80*  to  32fJ°.  A  tbermom- 
eier  inserted  Into  a  retort  in  which  the  oil  m  umlerguing  distillalion,  never 
sbowg  for  any  length  of  time  a  constant  tenipcratiire  :  hence  il  is  inferred 
to  be  a  miiture  of  several  different  stibstan'^es.  Neither  do  the  different 
varieties  of  naphiha  give  similar  results  on  analysis:  they  are  all.  however, 
bydroi^arbonA^  chiefly  paraffins,  with  smaller  quantities  of  oletiues  aud  aro- 
matic hydrocarbons*.  The  use  of  these  substances  in  the  places  where  (hey 
Abound  is  tolcnibly  extensive ;  they  often  serve  ihe  inhabitants  for  fuel, 
ligbtf  &0.  To  ibe  chemii^t,  pure  naphtha  is  valuabte,  as  offering  facilitiea 
for  the  preservation  of  the  more  oxidable  metals,  as  potassium  and  t^odium. 
Among  the  several  naphthas,  the  Burmrve  naphfhn  (llaiigoon  tar)  hiisbeen 
more  particularly  examined  by  De  la  Hue  and  iMiiller.  It  con^sisls  princi- 
pally of  liquid  homologues  of  mar^h-gfLjt,  including  solid  paraffin,  associ- 
ated with  small  quantities  of  hydrocarbons  of  tlie  beniene  series,  and  hy- 
drocarbons analogous  to  colophene,  American  petroleum,  which  has  a 
similar  composition,  but  contains  a  larger  proportion  of  the  homolognea 
of  marsh -gaa,  has  been  investigated  chiefly  by  Petouze  and  Cahours  (p, 
476). 

ReHnife,  or  RftintiMphaU,  is  a  kind  of  fossil  rosin  met  with  in  brown  coal; 
it  has  a  yellow  or  reddish  color,  is  fusible  aud  inflaniuiublc,  aud  readily 
dissolved  m  great  part  by  alcohol.  The  soluble  portion  is  called  retinic 
acid,  l/afcketin  is  a  somewhat  similar  substance  met  with  in  mineral  eoal 
at  Mertbyr  Tydvil,  an*!  also  near  Loch  Fyne,  in  HcotUnd.  Idnttlin  is  found 
associated  with  native  cinnabor,  and  ts  extracted  from  the  ore  by  oil  of 
turpentine^  in  which  it  dissolves.  It  is  a  white,  crystalline  »ub>^tanoe» 
scarcely  volatile  without  decomposiiion,  but  slijihtly  soluble  in  alcohol  and 
ellier,  and  composed  of  C^jllj^f):  it  is  generally  associated  with  a  hydro- 
oarbon,  idryl^  which  contains*  C j, II  j^. 

OzoceriU<,  or  fo^Md  frax^  is  found  in  MoUlavia,  in  a  layer  of  bituminous 
sbale:  it  is  brownish,  and  bas  a  somewhat  pearly  appearance:  it  is  fusible 
below  UKP,  and  soltible  with  difficylty  in  alcobol  and  ether^  but  easily  in 
oil  of  turpentine.     It  appears  to  contain  more  than  one  definite  principle. 

»Ntpe'df(jil^  a  substance  resembling  the  former,,  occurs  in  immense  quan- 
tities in  the  vicinity  of  the  Caspian  Hca.  Another  compound  of  the  Bajne 
kind  is  found  in  still  larger  quaniiiiea  at  Baku,  and  is  called  Kir. 
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THE  term  alcohol,  originally  limited  to  one  sobstanee,  tIi.,  spirit  of 
wine,  is  now  applied  to  a  large  number  of  organic  compounda*  many  of 
which,  in  their  external  characters,  exhibit  but  Uttle  resemblanoe  to  ordi- 
nary alcohoL  They  are  all,  howoTer,  analogously  conatituted,  having  the 
composition  of  saturated  hydrocarbons,  in  which  one  or  more  of  the  hy- 
drogen-atoms are  replaced  by  hydroxyl :  they  may,  therefore,  also  be  re- 
garded as  compounds  of  hydroxyl  with  uniTalent  or  multiyalent  hydrocar- 
bon radicals,  hence  called  alcohol  radicdU,  Thus,  from  propane,  ^H^  are 
derived  the  three  alcohols, 


alcohol. 


(C,H,y'(on), 

Propene 
alcohoL 


(C,H.)'"(OH), 
Propenyl 
alcohoL 


Alcohols  are  accordingly  classed  as  monatomic,  diatomic,  triatomic,  &o.,  or, 
generally,  as  monatomie  and  polyatomic^  according  to  the  number  of  equi- 
Talents  of  hydroxyl  which  they  contain;  or  according  to  the  equiyalent 
Talue  of  their  hydrocarbon  radicals. 

The  replacement.,  partial  or  total,  of  the  hydroxyl  in  an  alcohol  by  chlor- 
ine, bromine,  iodine,  or  fluorine,  gives  rise  to  halo'id  ethcr$;  thus: 

From  C-H-(OH)  are  derived  C-H/^U  Cjfl.Br,  &c. 
"     CjIUOII),         "  CjIIeClOH.  CjKeCl^  &c. 

"    (c,ii5)(oif),     "       c,n,ci(Oii)„  c,if8<:i,(on),  c,h,ci„ 

C,n,Br,OV  &c. 

These  substitutions  are  effected  by  treating  the  alcohols  with  the  chlor- 
ides, bromides,  and  iodides  of  hydrogen  or  phosphorus ;  thus : 

+  nCl        =        H(OII)         4- 


c,H,(on) 

Ethyl 
alcohol. 


nCl        =        H(OII)        4-        C.H.Cl 
Uydrogon  Water.  Kthyl 

chloride.  chloride. 


8CJI.(0H)        +  PCI,       =        P(OH),       +        8C,H,C1 

Ethyl  Phosphorous       Phosphorous  Ethyl 

alcohol.  chloride.  acid.  chloride. 


8CJI.(0H) 
Ethyl 
alcohoL 


POGl,      = 
Phosphorous 
oxychlorido. 


PO(OH),      + 
Phosphorous 
acid. 


8c»n,a 

Ethyl 
chloride. 


Instead  of  the  bromides  and  iodides  of  phosphorus,  the  elements  phos- 
phorus and  bromine  or  iodine,  in  the  proportions  required  to  form  them, 
are  often  used  in  these  processes. 

These  haloid  ethers  are  also  formed  in  many  instances  by  direct  substi- 
tution of  chlorine,  bromine,  &c.,  for  hydrogen  in  saturated  hydrocarbons, 
as  explained  in  the  preceding  pages. 

The  treatment  of  the  haloid  ethers  with  cauHtic  aqueous  alkalies  gives 
rise  to  a  substitution  opposite  to  that  exhibited  in  the  above  equations, 
reconverting  the  ethers  into  alcohols,  e.  g, : 

C^Hfil       +       KOH       =       KCV       4r       CJR^(pH\. 

The  replAcemeni  of  the  hydroxyl  in  an  •\<ioVo\  \>^  n.^^  ^^tt^^tv^&^I, 
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radicals,  potassoxyl,  OK,  methoxyl,  OCH,.  ethoxyl,  OC,H,,  &o.  (p.  287), 

or  of  the  hydrogen  in  the  hydroxyl  by  potassium,  methyl,  ethyl,  &o., — 
gives  rise  to  oxygen  ethers;  thus: 

C,H5(0H)  yields  C,H5(0K)        C,H,(OCH,)        C,H.(OC,H.) 

Ethyl  Potassium  Methyl  Ethyl 

alcohoL  ethylate.  ethyUi4«.  ethylate. 

C,H,(OH),     "      C,H  (OH)(OC,H.)  C,H«(OC,H,), 

Ethene  Monethylic  Diethylic 

alcohol.  ethenate.  ethenate. 

These  substitutions  may  be  effected  in  Tarious  ways.  The  simplest  is 
to  replace  an  atom  of  hydrogen  in  the  alcohol  by  potassium  or  sodium, 
and  act  on  the  resulting  compound  with  a  haloid  ether ;  thus : 

2C,H,(0H),        4-        Na,       =      2C,H4(OH)(ONa)       +        H^ 
Ethene  Sodium 

alcohol.  ethenate. 

C,H^(OH)(ONa)     +     C.HJ    =:    Nal     -f-    CjH/OHXOCjHg) 
Sodium  Ethyl         Sodium  Monethylic 

ethenate.  iodide.         iodide.  ethenate. 

In  the  polyatomic  alcohols,  two  equivalents  of  hydroxyl  may  also  be  re- 
placed by  one  atom  of  oxygen,  giving  rise  to  another  class  of  oxygen 
ethers;  thus,  from  ethene  alcohol,  CfiJifiVL)^  is  derived  ethene-oxide^ 
CjH.O. 

Trie  replacement  of  the  hydrogen  of  the  hydroxyl  in  an  alcohol  by  acid 
radicals  (p.  469),  produces  ethereal  salts  or  compound  ethers:  thus  from 
methyl  alcohol,  CH,(OH),  are  derived: 

H  O 

Methyl  nitrate,  CH,(ONO,),  or  H— C— 0— N 

H  OH 

Methyl  acetate,  CH,(OC,H,0),  or  H— C— 0— C— C— H 

H  H 

H  O 

Acid  methyl  sulphate,  CH,(OSO,H),  or  H— C— O— S— O— H 

H  0 

H  0  H 

Neutral  methyl  sulphate,  CH,(OSO,CH,),  or  H— C— 0— S— O— C—H 

It  is  clear  that  these  ethereal  salts  may  be  deriTed  from  the  oorrespondine 
acids  by  substitution  of  alcohol-radicals  for  hydrogen,  being  in  fact  related 
to  the  alcohols  in  the  same  manner  as  metaWic  ftaVla  Vo  tsv^\,«^\^  Vj^t^\^% 
(p.  469).     When  distilled  with  alkalies,  they  are  reaoV'^^^Va.V.Q  ^xk  vi\^  ^»>^ 
Mlcobi)!;  e.  ^,  .- 
48* 
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C,H,(OC,H,0)    +    K(OH)    ..    K(OC,H/>)    +    OfiMU) 
Ethyl  acetate.         Potassium  Potassium  Ethjl 

hydrate.  acetate.  alcohol. 

The  action  of  haloid  ethers,  or  of  certain  ethereal  ealts,  on  the  snlpk- 
h  jdrates  and  sulphides  of  the  alkali-metals,giTes  rise  to  alcokoUem^^kg^ibiut 
and  tulphideB,  that  is  to  say,  alcohols  and  ethers  containing  salphor  in  plaet 
of  oxygen;  thus: 

O^^a    +    KSH    =r    Ka    +    C,HJBH 
Ethyl  Etl^I 

chloride.  sulph-llydrmte. 

2C,H^0S0,K    +    KSK    »    2KOBOJBi    +    CJifiCja^ 
Potassium  ethyl     Potassium      Potassium  Ethyl  sul- 

sulphate.  sulphide.        sulphate.  phide. 

The  alcoholic  8ulph-hydrate8,or  sulphur-aleohols^are  also  called  muntgUmu, 
fi'om  their  property  of  readily  combinins  with  mercury  (corpora  wieratri§ 
apta).  Their  reactions  are  closely  anidogous  to  those  of  the  czygen- 
alconols. 


MONATOMIG  ALCOHOLS  AND  ETHERS. 
L  Containing  the  radieals  C.Hb+p  homologous  with  MethyL 

The  alcohols  of  this  series  arc  the  best  known  and  most  important  of  all 
this  class  of  bodies.  They  may  be  formed  from  the  corresponding  haloid 
ethers  by  the  action  of  alkalies,  and  sereral  of  them  are  produced  by  the 
fermentation  of  sugar.  There  are  also  synthetical  processes  by  which  these 
alcohols  may  be  built  up  in  regular  order,  from  the  lowest  upwards;  but 
these  will  be  better  understood  further  on. 

The  names  and  formulae  of  the  known  alcohols  of  this  series  are  as  follows: 

Methyl  alcohol CH^O 

Ethyl  alcohol C,H,0 

Propyl  alcohol C,Hg0 

Quartyl  or  Butyl  alcohol     ....  C^Uufl 

Quintyl  or  Amyl  alcohol  .         .         .  ^s^'u^ 

Seztyl  or  Hcxyl  alcohol      ....  C^IImO 

Septyl  or  Heptyl  alcohol  .         .         .  C,H„0 

Octyl  alcohol C^HigO 

Nonyl  alcohol ^sHmO 

Sexdecyl  or  Cetyl  alcohol  ....  CigHj^O 

Ccryl  alcohol C„n„<) 

Melissyl  alcohol ^a>^>6sO- 

The  first  nine  of  these  alcohols  are  liquid  at  ordinary  temperatures. 
Methyl  and  ethyl  alcohols  are  mobile,  watery  liquids;  the  others  are  more 
or  less  oily,  the  Tiscidity  increasing  with  the  molecular  weight ;  cetyl  alcohol 
is  a  solid  fat;  eeryl  and  melissyl  alcohols  are  of  waxy  consistence. 

The  formula  of  methyl  alcohol  is  that  of  methane  or  marsh-gas  haying 

one  atom  of  hydrogen  replaced  by  hydroxyl;  and  the  rest  may  be  derived 

from  it  by  replacement  of  one  or  more  of  the  other  hydrogen-atoms  by 

methyl  and  its  homologues.     If  we  replace  only  one  atom  of  hydrogen  in 

tbiis  manner  wo  obtain  the  series: 
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Methyl  Ethyl  Propyl  Quartyl  Quintyl 

alcohol.        alcohoL  alcohoL  alcohol.  alcohoL 

CHjCH,         (  CHjCHjCH,      /  CH,CH,CH,CH, 

H 


1H  f  CH,  /  CH«CH,         (  CH,CH,CH,      / 

OH  (OH  (OH  (OH  ( 

s 

(01 


H 
OH 


OH  (OH  (oh  (  OH 

Now,  it  18  clear  that,  so  long  as  the  type  of  an  alcohol  is  preaerred  — 
that  is,  of  a  hydrocarbon  having  at  least  one  hydrogen-atom  replaced  by 
hydroxyl  —  the  first  two  alcohols  of  this  series  do  not  admit  of  any  other 
mode  of  formulation  :  in  other  words,  these  two  bodies  are  not  susceptible 
of  isomeric  modifications.  But  with  regard  to  the  higher  members  of  the 
series  the  case  is  different.  Thus,  to  obtain  the  formula  of  the  three-car- 
bon alcohol,  CjHgO,  instead  of  replacing  one  hydrogen-atom  in  methyl 
alcohol  by  ethyl,  we  may  replace  two  hydrogen-atoms  by  methyl,  which 

(  CH,  (  CH,CH, 

I  PH  1  H 

will  giTe  for  this  alcohol  the  formula  C  •{  ^  *  instead  of  C  -{  ^  ;  and 


fCH,  (  CHjCH, 

^"»  instead  of  C^  ^  ; 

OH  (  OH 


in  like  manner  for  the  four-carbon  alcohol,  Cfiyfi,  we  obtain  the  three 
modifications : 

Tertiary. 


Primary. 

Secondary. 

Cn,CHXH, 

t  CH.CH, 

H 
II 

oh". 

OH 

(  OH 

•1 


CH, 
CH. 
OH 


An  alcohol  is  »aid  to  be  primary y  secondary,  or  tertiary y  according  as  the  car- 
bon-atom which  is  in  combination  with  hydroxy ly  is  likewise  directly  combined  with 
one,  twOy  or  three  other  carbon-atoms. 

The  five-carbon  alcohol,  and  those  above  it,  are  likewise  susceptible  of 
the  same  three  modifications,  and  no  more,  inasmuch  as  the  carbon-atom 
combined  with  hydroxyl  has  only  three  other  units  of  equiyalency  to  dis- 
pose of. 

There  is  still,  however,  another  kind  of  modification  of  which  the  alco- 
hols of  each  of  these  three  groups  are  susceptible,  arising  from  modifica- 
lions  in  the  alcohol-radicals  themselves,  already  noticed  in  connection  with 
the  paraffins  (p.  478^.  The  primary  four-carbon  alcohol,  for  example,  may 
be  represented  by  either  of  the  formulas: 

ICH,CH,CH,  /  CH(CH,), 

S  ch 

OH  (  OH 

Each  of  these  fulfils  the  essential  condition  of  a  primary  alcohol ;  but 
the  first  contains  normal  propyl,  CHJC^Hg),  whereas  the  second  cont«ins 
isopropyl,  CH(CII,),:  and  in  the  higher  alcohols  it  is  easy  to  see  that  a 
still  larger  number  of  modifications  may  exist ;  but  only  a  very  few  of  them 
have  hitherto  been  actually  obtained.  The  methods  of  produc\tv^%^^^\AxT^ 
and  tertiary  alcohoi^,  and  the  differences  of  chaTaoVAX  ^t^'CSyV;^^.  Vj  ^^ 
0erenl  modJScatioDs,  will  be  explained  further  wi. 
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A  Tery  eonTenient  nomenclature  for  these  iftomerie  aleoliols  hu  been 
proposed  by  Kolbe.  Methyl  alcohol,  OH,(OH),  is  called  eorMio/;  and  the 
primary  alcohols  formed  from  it  by  successive  substitution  of  methyl,  ethyl, 
&c.,  for  an  atom  of  hydrogen,  are  named  according  to  the  radicals  which 
they  contain ;  thus, 

Carbinol,  or  Methyl  alcohol  ....  C(OH)H, 

Methyl  carbinol,  or  Ethyl  alcohol  .        .  C(OHJh,CBL 

Ethyl  carbinol,  or  Propyl  alcohol  .         .  C^OHmjCJal 

Dimethyl  carbinol,  or  Isopropyl  alcohol        •  C(OHlH(dl^i, 

Propyl  carbinol,  or  Quartyl  alcohol       .         .  CrOHlH^C.HLy 

Isopropyl  carbinol,  or  Isoquartyl  alcohol      .  G(0H)UgCU(C^)2 
Methyl-ethyl  carbinol,  or  Secondary  Quartyl 

alcohol C(OH)HCH/:,Hg 

Trimcthyl  carbinol,  or  Tertiary  Quartyl  al- 
cohol    C(OH)(C^),. 
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Methyl  Alcohol,  Hydroxymethane,  or  Carbinol,  CH4O  or  CII,(OH). — This 
is  the  simplest  member  of  the  scries.  It  is  produced:  1.  From  marsh-gas, 
by  subjecting  that  compound  to  the  action  of  chlorine  in  sunshine,  whereby 
chloromethane,  or  methyl  chloride,  CH^Cl,  is  produced,  and  distilling  this 
chloride  with  potash. 

2.  From  wintcrgrcen  oil,  which  consists  chiefly  of  acid  methyl  salicy- 
late, CfH^O  .  H  .  ClI,.  by  distillation  with  potash,  whereby  potassium  salicy- 
late is  formed,  and  methyl  alcohol  distils  over: 

CJIA.H.  Cn,      -f       KOH       =      C,H,0,H.K      +      CH,(OH) 
Acid  methyl  Potassium  Acid  potassium 

salicylate.  hydrate.  salicylate. 

This  reaction,  which  consists  in  the  interchange  of  methyl  and  potassium, 
yields  very  pure  methyl  alcohol. 

3.  From  crude  wood-vinegar,  the  watery  liquid  obtained  by  the  destruc- 
tive distillation  of  wood :  it  was  in  this  liquid  that  methyl  alcohol  was  first 
discovered  by  P.  Taylor,  in  1812:  hence  it  is  often  called  wood-itpirU. 
Crude  wood-vinegar  probably  contains  about  y^^  part  of  meth^i  alcohol, 
which  is  separated  from  the  great  bulk  of  the  liquid  by  subjecting  the 
whole  to  distillation,  and  collecting  apart  the  first  portions  which  pass 
over.  The  acid  solution  thus  obtained  is  neutralized  with  slaked  lime,  and 
the  clear  liquid,  separated  from  the  oil  which  floats  on  the  surface,  and 
from  the  sediment  at  the  bottom  of  the  vessel,  is  again  distilled.  A  vola- 
tile liquid  is  thus  obtained,  which  burns  like  weak  spirit;  this  maybe 
strengthened  by  rectification,  and  ultimately  rendered  pure  and  anhydrous 
by  careful  distillation  from  quicklime  at  the  heat  of  a  water-bath. 

Pure  methyl  alcohol  is  a  colorless,  thiu  liquid,  very  similar  in  smell  and 
taste  to  ethyl  alcohol:  crude  wood-spirit,  on  the  other  hand,  which  contains 
many  impurities,  has  an  offensive  odor  and  a  nauseous,  burning  taste. 
Methyl  alcohol  boils  at  66-6®  C.  (152°  F.),  and  has  a  density  of  0-7y8  at 
20<>  C.  («8°  F.).  Vapor-density  (referred  to  hydrogen)  =  10.  Methyl 
alcohol  when  pure  mixes  in  all  proportions  with  water:  it  dissolves  resins 
and  volatile  oils  as  freely  as  ethyl  alcohol,  and  is  often  substituted  for  ethyl 
alcohol  in  various  processes  in  the  arts,  for  which  purpose  it  is  prepared 
on  A  7/ir/re  pcalc.  It  mny  be  burnt  lusleuA  ot  otOatvwt^  ^\\t\v  \w  \\>l\w^^\ 
the  Same  is  pale-colored,  like  that  of  etVi^\  ii\co\io\,  «.iv^  ^^v^«:xv»  t^^  ^^^^'u 
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Methyl  Alcohol  dUsolres  caustic  b&rytiLi  the  soltiiion  depostis,  hj  cTupora^ 
tion  in  a  vacuuuii  ncicular  crjsiala,  continuing  liiiO .  2CIf  JJ.  ll  dissiolves 
calcium  chlorido  in  large  (|uantity,  atid  gtvcs  nnn  t«)  a  cryBtulUnG  compound 
containing,  according  lo  Kane,  CaCl,,  liOil^O. 

Pattufium  aiitl  sodtum  iUssoIjg  in  it^  with  evolution  of  hydrogen  yielding 
potajtsiuni  and  sodium  meiliylat«s  or  methyl  ethwrs^  CIFjOK,  and  CJijONa. 

IVy  oxidation^  as  by  expyaure  to  the  air  in  contact  with  plutiiium  black, 
it  is  convcrii'd  into  formic  acid,  CH^O,,  or  CHO.  Oil,  which  is  dc3rived  from 

bj  subuiitutLon  of  1  atom  of  oxygcii  for  2  atoms  of  hydrogen: 


i 


CH4O 


+ 


0,        =        OH, 


CH,0,. 


'' 


Vatlijl  Chlorids,  or  Chlorometlianei  C1I,C1,  is  formed,  according  to  Ber< 
tlielot,  when  a  miitnro  of  ei|ual  vulumea  of  nii'ihuiio  (iiiarah-pas)  and 
chlorine  is  exposed  to  rejected  i^unlight.  It  is  more  easily  prepHred»  how* 
erer,  by  heating  a  mixture  of  2  parts  of  common  tiah,  1  part  gf  wood* 
spirit,  and  3  partji  of  conci'Utratcd  siilpbnric  acid.  It  m  a  ga^^eous  body, 
which  may  be  conveniently  collected  over  water,  as  it  is  but  alightly  soluble 
in  that  li(|uid.  It  is  colorless ;  has  a  peculiar  odor  an<]  swcetbh  taste^  aiic^ 
burns,  when  kindk'd,  with  a  pale  flame,  groeuish  towards  the  edges,  like 
most  combustible  chlorine-compounds.  \\n  density,  rc^ferrcd  to  hydrogen 
aa  unity,  is  25-26;  it  is  not  liquefied  at  ^18^  C  (0°  F,).  The  gas  is  decom- 
posed by  transtnission  ihrough  a  red-bol  lubo»  with  slight  disposition  of 
carbon,  into  hydrochloric  acid  gas  and  a  hydroearhon  which  has  beeu  hut 
little  examined.  By  the  action  of  chlorine  in  sunshine  it  i^  successively 
ConTcHed  into  mtthene  chloride^  or  dichloromr thane,  C  11/^1^,  a  li^piid  boiling 
at  *^C>-5°  C.  (87®  h\);  mrtfimt/l  chloride,  trichloromethantt  or  chloro/orMf  CUCl,; 
and  ttkfbon  tdrachtoridf,  COI^. 

Xetbyl  Iodide,  or  Icdom« thane,  CH,I,  is  a  colorless  and  feebly  eombastible 
liquid,  obtained  by  distilling  together  I  part  of  phosphorus,  b  of  iodine, 
an«i  \'l  or  IT)  of  wood-spirit,  it  is  insoluble  in  wafer,  has  a  deiisiiy  of 
2*2«J7,  and  boils  at  •lO<'  C.  [XU"^  F.),  The  dcn**ity  of  it8  vapor,  referred  to 
hydrogen  as  unity,  is  71,  When  digested  in  sealed  lubes  with  rmr,  it  yields 
a  oolcrless  gascoUH  mixture  containing  ethane,  or  diniethyl,  r^Hi^.  and  llio 
residno  contains  ainc  iodide,  together  with  tine  mrfhidf,  ZnfCII,),,  a  very 
TOlatil«i  liquid,  which  lakes  fire  spontaneously  in  contact  with  the  air: 

2CH,I         +         Zn         ^        Znl,        -f        CJIg 
2CHat         +         Zn,        =:        Znl,        +        Zn((.!ir,),, 

Xethyl  Ether,  Methyl   Oxide,   or  itetho:Eyl-me thane,  CJlsO  =  (CH,),0 
H 

H 

^  C  ■  II This  compound,  which  beara  the  same  relation  to  methyl  alco- 

OCH, 
liot  that  anhydrous  potassium  oxide  bears  to  potassium  hydrate,  is  produced 
by  abstraction  of  iho  elements  of  water  from  inelhyl  alcohol:  2CU4O  — 

ou,^e\li^n. 

To  prepare  it,  1   part  of  wood-spirit   and   4   parts  of  concenlrated  sul- 
phuric actd  are  mixed  and  eipowed  to  heat  in  a  Hawk  fittetl  with  a  perfo- 
rated cork  and  bent  lube:  the  litpnd  slowly  blackens,  and  emits  large  quan- 
tifies of  gas,  which  maybe  passed  through  a  little  strong  solution  of  caustic 
potash,  and  collected  over  mercury.     This  is  mfthtfl  ft  her,  a  permanently 
gaseous  subitance.  which  does  not'liquefy  at  ~l»i**  C,  (H^  ¥.).     It  is  color- 
less, has  an  ethereal  odor,  and  burns  with  a  pale  and  feebly*  Wm\\\<>\v?v ^^\sa*       ^M 
Ita  specif) 0  gravity  \h  I  fin  referred  to  air,  nr  ^^  T«j^eTTifA\  Vtj  Xv^^xcii^^xi  ^% 
unitx.    Cold  water  dhmhea  about  83  times  lis  voXumc  vA  lV\«k  ^«.ft,  ^^c^vVvtv^ 
tt^nbjr  its  chAmcttriaiie  taste  aud  odor ;  on  boiUu^  V^i^  a^A\xV\<iTi,  >ii*  ^U^ 
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19  Again  lib  crated.     Alcohol,  >vood-spirit»  and  cotiG^ntrftt^d  snlphtiric  sdd 
dissolve  it  in  stiil  Urger  quantity. 

O 

1 
Methyl  ITitTiU,  CHj.NO^  or  CH^-ONO^  or  HjC—O—N— This  elk 


O 


I 


obtained  bj  diKtillin^  50  grama  of  poinded  nitre  with  50  grmiDs  of 
Sjnril  fiiid  MK)  gnim»  of  Mtjlphurie  jicid,  in  a  relurt  wtthoui  external 
iiig.  It  is  u  colwrlcss  liquid  uf  ap.  gr-  1*182  lit  20°  C-  (♦iij*'  F,);  boiU  %i  - 
C.  (15P  F  ) :  has*  u  faint  ethereal  od^ir.  Its  vapgr  detomiteii  violently  nkea 
hojiti'd  to  15€®  C.  (302^  F  ),  Heated  witb  alcofiGlie  ammfmia,  it  yicld«  me- 
tbybimine  nitrate*  CilgN^NOjlL  Distilled  with  »f|ueous />oto*^,  it  yields 
metliyl  elhvr* 

Methyl  Snlphatei,  —  ftulphuric  acid  being  ft  bil)aaic   acid,   yields  two 
inctliyl  ethers — one  nci'!,  the  other  octKral. 

Acid  mcthi/lgulphaief  Mcthjt  and  Hydrogtn  mlphate,  Methyhulpkuric  add^  t/t 

O 


Sulphometht/lie  acid,  Cllj.lI.SO^,  or  CII,.  OSO,H=H,* 


jL OH-— To 


prepitre  tliis  acid  ethcsr,  1  part  of  wood-spirit  ia  slowly  mixed  with  2  pmrti 
of  coricenlnitt:d  uulphurlc  acid,  aeid  (he  whole  is  heated  to  i^biillition,  mm\ 
b'ft  to  cool,  uftev  vvbich  it  is  dihrted  with  water^  and  ncutraliird  with 
biirium  cpirlxuiate.  The  solulioD  is  filtered  from  the  inj^olublc  sulphalc, 
and  evaponited,  fir.*i  in  a  water-bath,  and  aflerwardis  in  a  vacuum  lo  Ui« 
proper  dt'j2:rei;  of  concent  rat itin.  The  f«aU  cr^v^iallixeii  in  beautiful,  iquarv, 
colorleas  tables,  containing  (i*lIj)jBa''80^.  20H.„  which  efflnr  -  ■  -•  \tj 
air,  and  are  very  sohible  in  water.      By  exactly  prccipltnting  i  ;  m 

this  .substance  with  dikite  «uiplutric  acid,  and  leaving  the  filtr  ^      i  lo 

evaporate  in  the  air,  nieihylHidpburie  acid  may  be  prncured  in  the  lonn  of 
a  ttoiir,  syrupy  liquid,  or  in  nnniite  acicniar  crystiiU,  very  soluble  i&  water 
and  alcohol.  It  i»  very  inHtable,  beiiig  easily  decomposed  by  heat.  J^^Mt- 
tium  mdhtfUnlphdU^  (.*Hg,KSO|.  cry^taUiios  in  small,  nacreouiii,  deliqueMeot 
rhombic  lahleg.     The  iftsd-itnU  xa  als^o  very  soluble. 

Nmirai  Methtjl  suIpkaU^  or  Uimelhyltc  tttlpkate,  (CH,),S04t  or  C0j  .  OfiC^ 
O 

II 
Cn^  or   n,C— 0— B— 0— Crij — This   ether  is   prepared    by   disiillijig  1 


part  of  wood-ftpirit  with  8  or  10  parts  of  stroiag  oil  of  ritriol;  the  dis- 
tillation may  he  carried  nearly  to  flrynesi*.  The  oleagiuou!«  Itquid  fotinti 
in  the  receiver  is  agitated  with  water,  and  purified  by  rectification  from 
powdered  caustic  baryta.  The  product  is  a  colorless  oily  liquid*  of  alli- 
noeous  odor,  having  a  density  of  1  .324,  and  boiling  at  IHts*  C.  (8TU^  F.). 
It  i«  neutral  to  tewt  paper,  a«fl  insnluhle  in  water,  but  dccnnipo^ml  by  thai 
liquid,  slowly  in  the  cold,  rapidly  and  with  violence  at  a  boiling  tempera- 
ture, into  meilijlf^nlplitirie  acid  and  wood-spirit.  Anhydrous  lime  and 
baryta  have  no  action  on  this  ether:  their  hydrates,  however,  and  those 
of  pniassium  and  sodium,  decompose  it  instnnllyf  with  production  cif  a 
meiliylsulphate  of  the  base,  antl  methyl  alcohol.  When  neutral  nietbyl- 
aulphate  la  Jieated  with  comm<m  s^all,  it  yields  sodium  sulphate  and  methyl 
ahhtitJi;;  with  mercuric  cyaa\4c»  or  ^^jv^ifc^Bivvim  <i^«k\iv\<t/'kV  ^\^%«  %  eul^hate 
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of  the  base,  and  methyl  cyanide ;  with  dry  sodium  formate,  it  yields  sodium 
sulphate  and  methyl  formate 

Methyl  Borate,  (CH3)5B03  s  B^^^(OCH8)8,  is  formed  by  the  action  of 
gaseous  boron  chloride  on  anhydrous  methyl  alcohol.  It  is  a  limpid  liquid, 
of  specific  gravity  0-9551  at  0°,  boiling  at  72°  C.  (162°  F.).  Water  decom- 
poses it  into  boric  acid  and  methyl  alcohol. 

Methyl  Phosphates. — Two  methyl  phosphates  have  been  obtained,  viz., 
methyl  phosphoric  acid,  (P0)'^'(0H)j(0Cn5),  and  dimethylphosphoric  acid, 
(P0)^''(0H)(0CH3),.  They  are  formed  by  the  action  of  phosphorus  oxy- 
ohloride  on  methyl  alcohol  under  different  circumstances. 

Methyl  Silicate,  Si**(0CH3)^,  is  obtained  by  acting  upon  perfectly  pure 
and  dry  methyl  alcohol  with  silicium  tetrachloride,  and  distilling  the  pro- 
duct. It  is  a  colorless  liquid,  of  pleasant,  ethereal  odor,  specific  gravity 
1-0589  at  0°,  distilling  between  121°  and  120°  C.  (250°-258°  F.).  It  dis- 
solves with  moderate  facility  in  water,  and  the  solution  does  not  become 
turbid  from  separation  of  silica  for  some  weeks.  Its  observed  vapor-den- 
aity  is  5  38  referred  to  air,  or  312  referred  to  hydrogen,  the  calculated 
number  being  804. 

Jfexmethf/l-disilicie  ether,  rCHj)eSi,0,,  or  Si'^'jOCOCH,)^  is  produced,  to- 
gether with  the  compound  last  described,  when  the  methyl  alcohol  used  is 
not  quite  dry.  It  boils  at  201°  to  202-5°  C.  (294°-295°  F.),  and  has  a  density 
of  1  1441  at  0°.    In  other  respects  it  resembles  the  preceding. 

Methyl  Snlph-hydrate,  CH,SH,  also  called  Methyl  Mercaptan. — This  com- 
pound, which  has  the  composition  of  methyl  alcohol  with  the  oxygen  re- 
placed by  sulphur,  is  formed  by  distilling  in  a  water-bath,  with  efficient 
condensation,  a  mixture  of  calcium  methylsulphate  and  potassium  sulph- 
hydrate : 

(SO,)a(CH,),Ca^^  +  2KSH  »  SO^K,  -f-  SO^Ca  -f  2CH38H. 

It  is  a  liquid  lighter  than  water,  and  having  an  extremely  offensive  odor. 
It  forms  wi.h  load-acetate  a  yellow  precipitate,  and  with  mercuric  oxide  a 
white  compound,  {CU^)jiiUg^^,  which  crystallizes  from  alcohol  in  shining 
laminiB. 

Methyl  Sulphide,  S(CH3)^  or  H3CSCH3,  is  obtained  by  passing  gaseous 
methyl  chloride  into  a  solution  of  potassium  monosulphide  in  wood-spirit. 
It  is  a  colorless,  mobile,  fetid  liquid,  of  specific  gravity  0-845  at  21°  C. 
f76°  F.),  boiling  at  41°  C.  (106°  F.).  It  forms  several  substitution-pro- 
ducts with  chlorine. 

Methyl  BUulphide,  (0113)^8^  is  prepared  by  passing  gaseous  methyl  chlor- 
ide through  an  alcoholic  solution  of  potassium  bisulphide.  It  is  a  limpid, 
strongly  refracting  liquid,  having  a  specific  gravity  of  1-046  at  18°,  and  an 
intolerable  odor  of  onions;  boils  between  116°  and  118°.  It  forms  substi- 
tution-products with  bromine  and  chlorine. 

By  substituting  pcntasulphide  for  bisulphide  of  potassium  in  the  preced- 
ing preparation,  a  trUulphide  of  methyl,  (CII,)3S3,  is  obtained,  boiling  at 
about  200°. 
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Ethyl  Alcohol,  Hydroxyl-ethane,  or  Methyl  Carbinol, 


cn  ^^^ 

c,rr,o  =  c,n,(on)   =     i   *  =         c\^ 

Cn,(on)  \J 
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This  important  compound,  the  oldest  and  best  known  of  the  wholo  grwip 
of  alcohols,  and  genorallj  designated  bj  the  simple  name  *' nleohol,"  ii 
produced : 

1.  From  ethene,  C,H4,  by  addition  of  the  elements  of  wnter.  Wha 
etbcnc  gas  and  strong  sulphuric  acid  are  violently  agitated  together  for  a 
long  time,  the  gas  is  absorbed,  and  ethylsulphuric  acid,'C.H^SO^  is  pro- 
duced ;  and  this  compound,  distilled  with  water,  yields  sulphurio  acid  sii 
ethyl  alcohol : 

CjHjSo^     +     on,     =     SO^H,    .+     C^^. 

Now  we  have  seen  that  ethene  can  be  formed  by  addition  of  hidiugm 
to  ethine,  C,H,,  which  is  itself  formed  by  direct  combination  of  carbon  aid 
hydrogen.  It  follows,  therefore,  that  alcohol  can  be  prodnoed  ^allieli- 
cally  from  its  elements. 

2.  By  the  fermentation  of  certain  kinds  of  sugar.  When  a  moderate^ 
warm  solution  of  cane-sugar  or  grape-sugar  (glucose)  is  mixed  with  cer- 
tain albuminous  matters,  as  blood,  white  of  egg,  flour-paste,  and  espeeial^ 
beer-preast,  in  a  state  of  decomposition,  a  peculiar  prooess,  called  ySsrawii/#- 
/t'o/i,  iH  set  up,  by  which  the  sugar  is  resolved  into  ethyl  alcohol  and  oarbos 
dioxide.  In  the  case  of  glucose,  these  products  result  from  a  simple  split- 
ting up  of  the  molecule  : 


C.H,A 
Glucose. 

— 

2C0, 
Carbon 
dioxide. 

+ 

2C,H.O. 
Alcohol 

Cane  sugar,  C„n,20|,,  is  first  converted  into  glucose  by  assumption  of 
water  (<',alla0i,  4-  OIIj  =  2C,H„0«),  and  the  latter  is  then  decomposed  ai 
above.* 

If  ordinary  cane-sugar  be  dissolved  in  a  large  quantity  of  water,  a  due 
proportion  of  active  yeast  added,  and  the  whole  maintained  at  a  tempera- 
ture of  210-20°  C.  r70°-80**  F.),  the  change  will  go  on  with  great  rapidity. 
The  gas  (lisengagcd  is  nearly  pure  carbon  dioxide :  it  is  easily  collected 
and  examined,  as  the  fermentation,  once  commenced,  proceeds  perfectly 
well  in  a  close  vessel,  such  as  a  large  bottle  or  flask  fitted  with  a  cork  and 
a  conducting-tube.  >Vhon  the  effervescence  is  at  an  end,  and  the  liquid 
has  become  clear,  it  will  yield  alcohol  by  distillation. 

The  spirit  first  obtained  by  distilling  a  fermented  saccharine  liquid  is 
very  weak,  being  diluted  with  a  large  quantity  of  water.  By  a  second  dis- 
tillation, in  which  the  first  portions  of  the  distilled  liquid  are  collected 
apart,  it  may  be  greatly  strengthened :  the  whole  of  the  water  cannot, 
however,  be  thus  removed.  The  strongest  rectified  spirit  of  wine  of  com- 
merce has  a  density  of  about  0*835,  and  yet  contains  13  or  14  per  cent,  of 
water.  Pure  or  ahtohtte  alcohol  may  be  obtained  from  it  by  redistilling  it 
with  half  its  weight  of  fresh  quicklime.  The  lime  is  reduced  to  coarse 
powder,  and  put  into  a  retort;  the  alcohol  is  added,  and  the  whole  mixed 
by  agitation.  The  neck  of  the  retort  is  securely  stopped  with  a  cork  and 
the  mixture  left  for  several  days.  The  alcohol  is  distilled  off  by  the  heat 
of  a  water-bath. 

Pure  alcohol  is  a  colorless,  limpid  liquid,  of  pungent  and  agreeable  taste 
and  odor;  its  specific  gravity,  at  IG'G^C.  (^^  F.),  is  0-7938,  and  that  of  its 
vapor  referred  to  air,  1-G13.  It  is  very  inflammable,  burning  with  a  pale- 
bluish  flame,  free  from  smoke ;  it  has  never  been  frozen.  Alcohol  boils  at 
78*4°  C.  (178°  F.)  when  in  the  anhydrous  state  ;  in  a  diluted  state  the  boil- 

*  Side  liy  iiitlo  with  thin  principal  drcompofiitfon.  a  Tnricty  of  other  changrt  am  simnltan** 
oitf/r  ArronipHnhrHl.    Acnirtline  to  Pavtciir,  glvc«>riiM>,  nucciiiic  uclil,  celiuloM'.  fats,  ami  mrra- 
Blomlly  lutUc  arid,  are  oUurved  amoOK  t\ip  vtoAuct*  ot  «\c«\m\V&  fwi&siiXaUmk.  ««8m<A  ^9lA 
huawlvguet  of  ethyl  ailcohU  are  tlao  fM&d  amont  «b,«  v^^Mtoafi^ 
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ing  point  is  higher,  being  progressivelj  raised  bj  each  addition  of  water. 
In  the  act  of  dilution  a  contraction  of  yolume  occurs,  and  the  temperature 
of  the  mixture  rises  many  degrees :  this  takes  place  not  only  with  pure 
alcohol,  but  also  with  rectified  npirit.  Alcohol  is  miscible  with  water  in 
all  proportions,  and,  indeed,  has  a  great  attraction  for  the  latter,  absorb- 
ing  its  vapor  from  the  air,  and  abstracting  the  moisture  from  membranes 
and  other  similar  substances  immersed  in  it.  The  solvent  powers  of  alco- 
hol are  very  extensive  :  it  dissolves  a  great  number  of  saline  compounds, 
and  likewise  a  considerable  proportion  of  potash.  With  some  salts  it 
forms  definite  crystalline  compounds,  called  alcoholatei:  with  zinc  chlwride^ 
ZnCI| .  2C,ITgO  ;  with  calcium  chloride^  CaCl, .  4C,HjO ;  with  maffnesium  ni- 
trate, (NO,)jMg .  6C,HgO.  Alcohol  dissolves,  moreover,  many  organic  sub- 
stances, as  the  vegeto-alkalies,  resins,  essential  oils,  and  various  other 
bodies :  hence  its  great  use  in  chemical  investigations  and  in  several  of  the 
arts. 

Potasnum  and  sodium  dissolve  in  ethyl  alcohol  in  the  same  manner  as  in 
methyl  alcohol,  forming  the  compounds  C^H^KO  and  C^H^NaO. 

Alcohol,  passed  through  a  red-hot  tube,  is  resolved  into  marsh-g^,  hy- 
drogen, and  carbon  monoxide : 


CjHeO 


CH^    +     H,    +    CO. 


Small  quantities  of  ethene,  benzenct,  and  naphthalene  are,  however,  formed 
at  the  same  time  by  the  mutual  action  of  these  primary  products,  and  car- 
bon is  deposited. 

By  ojiidation,  alcohol  is  converted,  first,  into  aldehyde,  then  into  acetic 
acid : 

CjHeO      +      0      ==       OH,      +      C-H4O. 
Alcohol.  Alclehyde. 

C,H<0      +      0      =      C,H40, 
Aldehyde.  Acetic  acid. 

Chlorine  ffot  is  rapidly  absorbed  by  anhydrous  alcohol,  imparting  to  it  a 
jellow  color,  and  causing  considerable  rise  of  temperature.  At  the  same 
time  it  rapidly  abstracts  hydrogen,  which  is  partly  replaced  by  the  chlo- 
rine, producing  hydrochloric  acid,  aldehyde,  acetic  acid,  ethyl  acetate, 
ethyl  chloride,  and  finally  chloral.  The  mixture  of  these  substances,  freed 
by  water  from  the  soluble  constituents,  was  formerly  called  heavy  muriatic 
tthtr.  The  formation  of  the  several  products  is  represented  by  the  follow- 
ing equations : 


Alcohol. 

+ 

CI,      = 

2Ha 

+    C,HA 
Aldehyde. 

C,HeO 
AlcohoL 

+ 

4C1,      = 

6HCI 

+    C,HC1,0, 
ChloraL 

CjHeO 
Alcohol. 

+ 

HCl      = 

OH, 

+    C,H,CL 
Ethyl  chloride. 

Alcohol. 

+ 

0H,+2C1,  ■= 

4Ha 

4-    C,H,0„ 
Acetic  acid. 

C,H.O 
AlcohoL 

+     C  H,0       « 
Acetic  acid. 

OH, 

+    C,H  0,.C,H.. 
Ethyl  acetate. 

When  the  action  of  the  chlorine  is  continued  fox  «k\oxv^  Xath^,  cWUyroW^ 
tAwmjB  theprinoipAl  product.     This  compound  \b  «k  Yi^w^  v>^^  \\^\ja^, VwvBk% 
^«  composition  of  aldehyde  with  8  atoms  of  hydrog^iiT«^\Wi^^^>^  OE^nrcvs^J^X 
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but  it  cjinnot  bt*  formed  by  the  direct  action  of  cUorine  opi>Q  aUtli^ 
Whtii  aleuhol  cantiuiuiig  uuter  U  uaed,  scarocly  Vkuy  cbloml  W  obAAU 
ilie  cliief  proJuci  being  nldeliydo. 

Chhftrti,  ill  presence  of  aikaliu,  couYerlfi  ttlcoliol  into  cbloroform  9sd 

carbuu  liiuiLtdo: 

5HCI 


AkolioL 


+     4C1,    +     on,    ^    COj    + 


-f     CHCV 
Chloro- 

form. 


The  sansG  products  are  formed  bj  distilling  dilute  fi.kohol  with  bleii«hirif 
powder. 

Af(iieou3  iikoliiil  boftled  wiih  strong  tulphurie  add  is  eooTcrted  inloclllT^ 
Bitlphiiric  iiciti,  ('Ji(SO^.  or  CailsttKSCyi),   (p,   5:iti);   but  wh«i  mihydr^ii 
lilcohol  ia  exposed  to  the  viipor  ol  !<ul|>lmric  oxide,  SO,,  a  wUile  crv*laUin» 
fciubshmce    i^   formed,    cnlled     ethiomc   oride^    formerly    sntphotf   of    fiTr^-j^l 
t'^II^.S,j.Og,     Tlii>*  wlien  dissolved  in  water  or  in  aqueous  nkobol,  is  cotiTert<4  j 
into  tfhimtic  add^  CjM^f^jO,^  u  bibaaic  acid,  w  bicL  forms  a  soluble  biunun 
mill.     Liijtily,  n  HolutivuV^'  ethiontc  aeid^  when  builed,  is  resolved  tni^nul^ 
pburio  ncid  imd  iaclhtonic  uctd,  un  acid  isoiueric  wilb  ctbylsulpburto  i 
(p.  627). 


Commertinl  Spirit,  W*mt,  lifer,  ^r,     Vimm  Fermrnmhm.^-Th^  sfren^b  Af| 
OoramercUl  spirit,  when  frve  from  sugar  and  oiber  Bubsiances  addrd  stib 
serjuent  to  di»tilltttioii»  \b  inf*^rred  from  ita  density:   u  litble  exbibiiiiig  ihfl 
prtiportioDS  of  real  alcobol  atid  vvaler  in  epirits  of  cliffereul  deii^itien  wilt 
bo  found  at  the  end  of  the  vohuiiL*.     The  excise  pruuf  Mpint  bu»  »  i»p.  frj 
of  (Dl»l'J8  at  VAf^  F.,  and  coniftins  4S>}  per  cen».  by  vveif^^t  of  real  aleoliob 

The  Ui^rh  duty  on  ^pirita  of  wine  in  lUJ»  counlry  baa  bitberto  inti^rfer 
witli  the  developmt^nt  of  many  brancbca  of  indu**iry*  which  aj  •  wX  uflu 

ibe  ireo  ii^i^of  this  important  liquid .    Tbo  bibors  of  the  scienth  lj*vt 

been  likewise  often  checked   by  this  inconT?eniencc.     A  renuw^  i..i  ,,ie  et0 
Iiaa  bceti  supplied  in  Great  Hntsiin  by  a  very  important  measure,  propo«i 
and  carried  out  by  the  late  Mr-  John  Womb  Uhairntan  of  Uie  Hoard  of  liilanifl 
Kevenue.    This  ittea^ure  consit^ls  in  i)<^uing  fur  manufactaring  and  Fciriitifi 
purposes,  duty  free,  a  mixture  of  ^.<(t  per  et-nt.  of  upirils  of  wine  of  not  |« 
strength  than  correHponda  tn  a  deosiiy  of  0'8;iO,  ivith  10  percent,  of  pnTfiall^ 
piirilie4l  wood-wpirii,  wbieh  in  now  sold  by  licensed  dealers  under  the  \\%m% 
of  Mtthfihtud  Spirit.    It  apfteurs  that  a  mixture  ol'thiK  kind  is  rcml' 
manenilly  utiht  for  humau  eon^^unipiion^  the  sepHrution  of  the  two  ^ 
in  cons cqu*-* nee  of  tbeir  elose  anabigj%  being  not  only  difficult,  i  ,,,  .^  .d, 
appeuniiice   impossible:   at  the  aatnc   time,  and  for  the  f^anit'  reasons,  ibu 
ntixlure  is  noi   materially  impaired    f«T  the  greater  number  of  the  inort 
valuable  purposes  in  tlie  arts  to  which  spirits  are  usually  employed.    Methyl 
ated  spirit  njny  be  used,   instead  of  pure  spirit,  as  a  sidvcnt  of  resinouii 
HubMancestf  and  of  many  cbemieal  preparation?,  especially  of  the  alkuloidi 
and  other  organic  product «i.     It  nuiy  be  used  for  the  production  of  fu)mt«' 
nating  mercury,  ether,  chloroform,  iodoform,  olefiant  gafi,  and  all  itn  de 
rivntiveH —  in  fact,  for  an  endless  number  of  laboratory  purposes.     Mythyl-^ 
aJeil  spirit  may  kIho  be  substituted  for   pure  ftpirit  of  wine  in  the  prener- 
Vttlion  of  anatomical  preparations.     The  introduction    of   this  ppiril  bail 
already  exerted  a  very  beneficial  effect  upon   the  devclopmctil  of  organic 
obomihtry  in  (bat  country.* 

•  8<»e  Hmh.m  on  thi'  Stipnlv  of  Ppsrft*  of  Wtnf,  fro*  (Wrni  itutr*  fi^r  H*e  In  th*<  Art*  and  Mjuiii^  , 
fjirtrin'M,  AdtJhn»4«4J  to  (»»»>  rhiUrnMui  t^f  lulevutt  llcv*nti*-,  liv  l'roff'»*or*  QrtUttJii*  llpnaaan,    "* 
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W\'nf,  hfrr,  &c.,  ow©  tlieir  inloxkating  properties  to  the  alcoliol  lUcy  con- 
tain, the  tjutmiity  of  wkich  varies  very  niueh.  I'orl  and  alierry,  iitHi  some 
other  striiug  wiaes.  courain,  accordirii?  to  Mr,  Hnintlc%  from  T.)  io  2o  per 
cent,  of  rtlcohi'L  wbiie  iu  the  lighier  wines  of  France  timl  Geiniuny  it  Bome- 
timef!  falls  as  low  as  lli  per  c<fiit.  Strong  jile  cuniahis  about  TO  per  eent. ; 
ordinary  spirits,  as  bniody,  gin,  whiskey,  ^0  to  50  per  (jcnl.^  or  oeciimouulty 
more.  These  latter  inve  their  charuci«ri«»ic  fliivurs  to  certjiiti  L*Hsenti»il  nils, 
prvaent  iti  very  smnll  quttutily,  either  generated  in  the  act  of  fi^rraetitation 
or  piirpo.stily  a'idetL 

In  making  wine,  the  f?xpreS9otl  jnicc  of  the  grape  is  mimply  net  tL9\de  m 
large  tuI^,  where  it  nndergoes  KpotitaneouHly  the  neef*8sary  chringo.  The 
vegetable  albumin  of  the  juice  abi*orbs  oxygen  frum  the  air*  runs  into  do- 
composition,  and  in  tliat  slate  becomes  a  fcrmeut  to  the  sngar,  which  is 
gradually  converted  into  aleohoL  If  the  Biigar  be  in  cxcc^St  **"^  ^^^ 
axotized  mutter  deficient,  the  resulting  wine  remains  ftweet :  but  if,  on  Iho 
other  hand,  the  proportion  of  is^ugar  be  Kmall  and  that  of  ftlbnnn>n  large,  a 
drfi  wine  is  produced.  Wlten  the  fermentniirm  nlops,  and  Ihe  litjuor  lice^imea 
clear,  it  is  drawn  off  from  the  lees,  and  iraiisferred  to  casks,  lo  ripen  and 
improve. 

The  color  of  red  wine  ia  derived  from  the  skins  of  (lie  grapes,  wliich  in 
such  cased  arc  lefi  in  the  fermenting  liquids  Kffervescent  ivioes,  as  eham* 
pugne,  are  bottknl  before  the  fermentation  ia  complete;  the  carbonic  acid 
is  diftengagetl  under  pressure,  and  retained  in  solution  in  the  liquid.  A 
eertain  quantity  of  sugar  ia  frequently  added.  The  process  requires  much 
delicjite  management. 

During  the  fermontatir>n  of  the  grape-jnicc,  or  mmi^  a  erystalHnc,  Btotiy 
matter,  called  arffot,  is  deposiled.  This  consists  chietly  of  acid  pota^!*inm 
tartrate  with  a  little  coloring  matter*  and  is  the  source  of  all  the  tartario 
acid  met  with  in  commerce.  The  salt  in  question  exists  in  the  juice  in  con- 
■idornble  quantity;  it  is  but  sparingly  soluble  in  water,  but  jttill  less  go  in 
lliluto  alcohol :  hcnce^  as  ibo  fennentalion  proceeds,  and  the  qiianiity  of 
Ipirit  increases,  it  is  slowly  deposited.  The  acid  of  the  juice  is  thus  ro- 
Aoved  as  the  sugar  disappears.  li  in  this  circumittanoe  which  renders 
^ape-juice  alone  fit  for  nmkiiip  good  ^vine;  when  that  of  gooseberries  or 
currants  is  employed  as  a  subslitiitfi>  the  malic  and  citric  ucids  which  these 
fruits  contain  cannot  be  thtis  witlidrawn.  There  is  then  no  other  resource 
tut  to  add  sugar  in  Hutficient  quantity  to  nmE^k  and  conceal  I  he  tnitural 
mcidity  of  the  liquor.  Such  wines  are  necessarily  acescent,  prone  to  a 
vecond  fermentation,  and,  to  many  persons,  at  least,  very  unwholesome. 

Ji^i^  IB  a  welUknown  liquor,  of  great  antit^nity,  prepared  from  gennl- 
naterl  grain,  generally  barley,  and  is  used  ineountrieH  where  the  wine  does 
not  flourish.  The  operation  nT  mnlnnf/  Is  performed  hj  **leeping  the  harley 
In  wjiter  until  the  grains  hecon?  swoHen  and  t^ofl,  then  piling  ii  in  a  heap 
or  cottrh,  to  l4Vor  the  elevation  of  temperature  caused  by  the  absorption  of 
oxygen  from  the  nir,  and  atXer wards  sprendiug  it  upon  a  floor,  and  turning 
tt  over  from  time  to  time  to  prevent  nne<|itnl  heating.  When  germinrtlion 
lias  proccc<ied  far  enough,  the  vitaliiy  of  the  seed  is  destroyed  hy  kiln* 
drying.  During  this  process,  a  peculiar  nitrogenous  substance  called 
diaata^f  U  produced,  wliieb  acts  as  a  ferment  on  the  sttireh  of  the  grain, 
converting  a  portion  of  it  into  sugar  and  rendering  it  Holuhle. 

In  brewing,  the  oni^^hed  nmlt  is  infused  in  water  iil  nboul  77°  C  {170**  F,), 
ftod  the  mixture  is  left  lo  stand  during  the  space  of  two  hours  or  more. 
The  easily  sohjhie  diastase  Usis  thus  an  iqtportunity  of  acliiig  upon  the  un- 
iftUufcd  siurch  of  the  grain,  and  changing  it  intoilextrin  nndau\j;Hv.  TVvt  'cXva^ 
""quor,  or  wor/,  strained  frooi  ttie  exhausted  tn^U,  V?k  u^ixV  ^wvcv^'^A  \i^ Xwv^i 

copper  boihr,  and  boilert  with  the  requisite  i\UiUvCA^  tit  \\*A\>ft,  Vq  <tvrtw- 
unicMie  a,  pltMsant  biUtsr  fFavor,  and  confer  OU  Vke  \iWit  lii^  '^t^axv^tTVl  ^j"^ 
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kcopinR  without  injury.     The  ilowera  of  the  hop  contain  a  hitter, 

priucipks  oalletl  iupiUtn,  and  itn  esscnliul  oil. 

Whew  the  wori  bus  been  stiflioienily  boiled,  it  ia  drAim  from  lk«  eoppr, 
and  tiooletl  us  rnpidly  as  poaiiible,  to  near  the  <irdln4iry  t^tupcralur?  of  t 
Bir*  in  ordoT  lo  avoid  nu  irregular  acid  fernientaliati*  to  which  it 
otbornisti  be  liable.  It  is  then  transferred  to  (be  IcrmeuiiDg  veeseU, 
iu  largo  brewcriee  are  of  great  capacity,  and  nuxed  wiilj  m  *ji 
yeast,  the  produci  of  a  preceding  operation,  bj  which  ihe  change  i 
induced.  This  la  the  most  critical  part  of  the  wbolc  ope  ration,  nnd 
which  the  skill  and  judgment  of  the  brewer  are  most  called  into  pl«J' 
procesi!  is  in  seme  measure  under  control  by  atleniion  to  Uie  tcmpermti 
of  the  liquid  ;  and  ibe  extent  to  which  the  change  ha^  been  carried  is  tru»i] 
knonn  by  the  diniiiiished  density,  or  attenuation  of  the  wort.  The  fenuebl 
lion  i.^  never  suffered  to  run  U»  full  course,  but  in  always  stopped  ii4  m  p»r> 
tieiilar  point,  by  separating  ihe  yeast,  and  drawing  off  the  beer  into  c*sk! 
A  ^low  and  almost  iuHen^ible  fermeDlahuni  i^ncceed»,  which  !&  time  rcadtri 
the  beer  stronger  and  less  sweet  than  when  new,  and  chargeii  ii  with 
bonic  acid. 

Highly  colored  hcer  is  made  by  adding  to  the  malt  ft  small  qnaatlty  of 
Btrongly  dried  or  charred  malt,  the  sugar  of  wkieh  has  been  ciiaug^  te 
ciiraniel;  porter  and  «tont  are  so  prepnrcd. 

The  yea«t  of  beer  is  a  very  remarkable  substance,  and  has  excit«»d  much 
nttenlion.  To  the  naked  eye  it  is  a  grecuish-yellow  soft  solid,  nearly  in- 
Boluble  in  water,  and  dries  up  to  a  pale-browuish  ma»4,  which  riradily 
jiutrefiep  wb*?n  moistened,  and  becomes  oifctisive.  Under  the  mieruaeopt 
it  exliibits  a  kiml  of  organised  appearance,  being  made  up  of  little  tmoJ- 
pareut  globuleM,  which  sometimes  cohere  in.  cluaixtra  or  string!^,  like  noiae 
of  the  loweat  members  of  the  vegetable  kingdom.  Whatever  may  be  Ihe 
real  unture  of  the  substiince,  no  doubt  can  exist  that  it  is  formed  from  thft 
soluble  aioljsted  portion  of  the  grain  during  the  fermentative  process.  X* 
yea«L  is  ever  produced  iu  liquids  free  from  azotizcd  matter;  rhal  added  fuf 
the  purpose  of  exciting  fermentntiun  in  pure  sugar  is  destroyed,  and  ren* 
dered  inert  thereby.  When  yeast  is  deprived,  by  straining  and  »lrii>A|| 
pressure,  of  us  much  water  as  po.s^iible,  it  may  be  kept  in  a  coul  plaee,  with 
unaUered  properties,  for  a  long  time;  otherwise  it  speedily  spoils. 

The  dii^tiller,  who  prepares  spirits  from  grain,  makes  his  wort,  or  vtuu^ 
mtieh  in  the  game  muiinL''r  as  the  brewer;  ho  uses,  however,  with  ihe  malt 
a  large  quantity  of  raw  griiin,  the  starch  of  wbich  suffers  eotiveniiim  into 
sugar  by  ibe  diaslu8e  of  ibo  malt,  which  is  sufilctenl  for  his  purpose.  He  doet 
not  boil  his  iufnsion  with  bops,  but  proceeds  at  once  to  the  fennen 
which  he  pushes  a.H  far  as  po^^^ible  by  ItLrge  and  repeated  dosiea  of 
Alcohol  is  manufactured  in  many  cftses  from  potatoes.  The  potato* 
ground  to  pulp,  tiiixud  with  hot  water  and  a  litlle  mult,  to  furnish  di^ 
made  lo  ferment,  and  then  the  ^uid  portion  is  diMiUed.  The  potato 
is  contaminated  by  a  very  offensive  volatile  oil,  again  to  be  meutioued:  ill' 
crude  proiluct  from  corn  contains  a  subfitance  of  a  similar  kind,.  The  busi- 
ness of  I  be  rectifier  consists  in  removing  or  modifylDg  these  volatile  oUib 
and  in  replacing  them  by  others  of  a  more  agreeable  character. 

In  making  Itrmti,  ihc  vinous  fermentation  plays  an  important  part:  Ihe 
yeaM  added  to  the  dough  converts  the  small  portion  of  sugar  the  meal  nat- 
urally conlains  into  alcohol  and  carbonic  acid.  The  gas  thus  disengaged 
forces  Ihe  tough  iin<1  luJhesive  materials  into  bubbles,  which  arc  aiill further 
expanded  by  ibe  heat  of  the  oven,  which  at  the  i^ame  lime  disaipates  the 
alcohol:  hence  the  light  and  spongy  texture  of  all  good  bread.  The  use 
of  trmu'H  is  of  great  aniiquity  :  this  is  merely  dough  in  a  state  of  incipient 
putretaclton.  Wlien  mixed  with  a  large  quantity  of  fresh  dough,  it  exoitea 
in  ikif  JaUcT  the  akohoUe  tetmeikVauoiL^  in  ike  same  mauiier  as  yeast,  hui 
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le^s  perfectly  ;  it  is  npt  to  communicate  a  dis^agTceaKle  8our  hisle  nnd  oflor. 
Bomelimijs  curbtmate  of  ammotiift  is  employ eU  to  lighten  I  he  dough,  being 
cotnplctol}'  vol.'ktilized  by  lh<*  high  ttHiipcrnturo  of  the  uven.  Brend  is  now 
sometimes  made  by  mixing  a  little  hydrocbtoric  acid  and  aoiJiiim  carbonate 
in  (he  doug^h  ;  if  proper  prrj  port  ions  be  taken  imd  the  whole  thoroughly 
[iixed«  the  operiition  iippciir;^  to  be  very  suceessfiiL 

Anotlu^r  mode  of  bread-njiikiiig^  now  practised  on  a  larf^c  acale  wilh  greftt 
accPHH,  is  that  invented  by  the  late  Dr.  Oaugliwb,  which  cousist^  in  nptat* 
ing  the  dough  in  a  strong  vessel  with  wnter  saturated  under  pressure  with 
brbonic  acid  ga-^.     When  the  dough  Ihua  treated  is  subsequently  released 
I  lhi»  pressure  and  exposed  to  the  air,  the  ga«  escapes  in  buhblen,  and 
en^  the  nia»a  a»  efTcctually  as  that  evolved  within  its  subftlunce  by  fer* 
nenfation,     Tlie  bread  thus  made,  called  ■* aerated  bread,'*  is  of  exuvlleut 
|imlity*  not  being  Bubjcct  to  the  deterioration   which  so  trequeutly  lakes 
Iplace  in  ordinary  bread*  when  the  fermentation  is  allowed  to  go  t(io  far. 
Vinom  fermmfalion,  that  is  to  say  the  coiiverj*ion  of  sugar  into  alcohol  and 
carbon  dioxide,  never  takes  place  except  in  presence  of  some  nitrogenous 
tbody  of  the  nlbtiminoid  class  in  a  state  of  decomposition  {p.  4GS}.     The 
Lfnanner  in  which  these  bodies  act  in  inducing  ferment  atiun  is  very  obscure; 
tlltey  neither  add  ftnythin^  to  the  augar  nor  take  anything  friiui  it;  but  the 
aotion  or  lii^turbance  of  their  purtioles,  while  undergoing  putrefaction,  is 
iipposed  to  be  communicated  to  the  particles  of  tbe  tiugftr  with  which  they 
kre  in  oontaet,  and  thus  to  induce  the  decoinpojsitioii  above  mentioned; 
kenoe  such  bodies  are  eallt^d  fermrnt«i.     Thero  are  other  modes  of  fermen- 
»tion,  which  sugnt  and  stibf-itnnces  allied  to  it  are  capable  of  uudergoingi 
and  the  particular  change  induced  Tart*'S  with  the  kind  of  ferment  prciient; 
thus  vinous  fermentation  is  induced  with  peculiar  facility  by  yeusl;  lactotis 

I  fermentation,  or   the  conversion  of  sup^nr  into  lactic  .acid,   by  putretying 
eheese.     Another  very  remarkable  circumstance  connected  with  ferinenta* 
lion  is  that  it  is  always  accompanied  by  the  development  of  certain  minute 
living  organisms — fungi   and   infusoria — like  those   already   nK'iitioxied  aa 
existing  in  yeast.     So  constantly  indeed  is  this  the  case,  that  many  chera- 
|»tj»  nnd  physiologists  regard  these  organisms  as  the  exeiting  cause  of  fer- 
mentation Jtnd  putrefaction;  and  this  view  appears  to  be  corroborated  by 
the  fact  that  each  particular  kind  of  fermentation  tiikea  place  most  readily 
in  contHrt  with  a  certain  living  organism,  or  al  least  with  nitrogenous  mut- 
ter containing  it;   thus  boer-yeast  contains  two  species  of  fungus,  called 
Torvulu  reretyUm  and  Pfnidliium  ylaurifm,  the  cells  of  which  are  of  very  dif- 
fereai  siies,  so  thwt  they  may  be  separated  by  filtering  an  infusion  of  the 
^^^eafit,  the  larger  colls  of  the  Tormtln  remaining  on  the  filter,  while  those  of 
^Hlhe   Pmieillium^  which  are   much  smaller,   pass  through  with   the   liquid* 
^^Mow,  it  is  found  that  the  residue  on  the  filter  brings  a  solution  of  sugar 
^Hlato  the  itate  of  vinous  ferment iit ion,  ivhereas  the  filtered  liquid  induces 
^Bftctous  fcrtnentation.     But  whether  this  efFeet  is  duo  to  the  fungi  ihem- 
^■netrefi,  or  to  the  peculiar  state  of  the  albuminous  matter  in  which  they  oc- 
^■%lir,  la  a  question  not   yet  decided.     The   investigation   is  attended   with 
p*»culiar  di^fliculties,  arising  chiefly  from  the  universal  diffusion  of  the  germs 
of  these  minute  organisms,  which  are  present  not  only  in  all  decaying  albu- 
minous matter,  and  on  tlie  :*ltins  of  fruits,  leaves,  and  other  parts  of  plants, 
but  are  likewise  diffused  through  the  air:   so  that  in  experiments  made  for 
the  purpose  of  ascertaining  whether  fermentation  can  take  place  without 
them,  it  is  extremely  diffitnilt  Jo  insure  their  complete  exclusion  from  the 
£ubstanoes  under  cxaminaiion.* 
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ALCOHOLS   AND   KTHERS. 


ETHYLIC  1ETOBB& 


Etbyl  Chloridti  or  Chloretbane,  C,U(Cl,  or  C 


fSf-. 


often  called 


i 


4roehU>nc  ttktr. — To  prepare  Ihia  compound,  rectified  EplHL  of  win# 
saturated  with  cirj  hydrochloric  ncid  gan,  and  tbe  product  rlislillcd  w{ 
very  penile  Iteat ;  or  a  ntixture  of  3  parts  oil  of  vitriol  aud  2  parta  of  al 
ho)  \9  inmred  upon  4  pHrt«(  of  dry  comnion  fiiilt  in  a  retort^  and  heat  applii 
in  eitiicr  ciine  Iho  viipor  of  the  hydrochloric  ether  ahoiiJd  be  can«luci 
ihi'ougb  a  lit  lit?  tepid  wuter  in  a  ivash-botile,  and  then  conveyed  inta 
small  receiver  flurrounded  by  ice  and  salt.  It  is  purified  from  adhrr 
water  by  contact  with  a  few  fragments  of  fused  calcium  chloride,  ilyd 
chloric  ether  is  a  ihh),  colorless,  and  excessively  volatile  liquid,  of  a  pe 
trating,  aromatic,  atid  ivomewhat  alliaoeoUH  odor.  At  the  freeiing  point 
water,  its  sp.  gr  ia  U-'Jlil,  and  it  boils  at  l^-o**  C,  (55°  F.);  it  in  »atuhle 
10  parts  of  water,  in  but  iQcompleicly  decompoaed  by  solution  of  bH 
nitrate  when  the  (wo  are  heated  together  in  a  sealed  tube,  but  is  4|uiol 
resolved  into  potjijtAitim  chloride  and  ethyl  alcohol  by  a  hot  aquooud  6ol 
tion  of  caui^tic  potash: 

CjH^Cl        +         KOH        ^        Ka        +        C^lfiOH. 

With  alcoholic  potn.-^h,  on  the  other  hand,  or  poUsBloffl  ethylate,  it  yields 
ethyl -oxide,  or  common  ether: 

C,U,C\     +     CjHjOK     =     KCl     +     (C,Hj),0. 
Heated  witL  eodii-lime,  it  yields  etbcne  or  olefiant  gast 

2(  jlI^C  1     4-     ONa,    =    2N»Cl    -f     OU,    +     C^H^. 

When  vnpnr  of  ethyl  chloride  is  mixed  with  chlorine  gi^s  ia  a  ve; 
posed  first  to  diffused  daylight.  And  aOer wards  to  direct   sunshine,  hydn 
chloric  acid  h  formed,  and  the  chlorine  displaces  one  atom  of  hydrogen 
the  ethyl  chloride,  producing  moncichlorinaled  ethyl  chloride,  or   dirtiloi 
ethnne,  CjIIXly  a  colorless,  oily  liquid,  isomeric  with  ethene  chloride 
Dutch   liquid.     By  the  prolonged  action  of  chlorine  in  excess,  the  com- 
pounds r^H^nj,  CjHjCL,  C^Hrig,  and  CjClg  are  produced,  the  last  of  which 
is  A  crystalline  botiy,  ideniica!  with  the  carbon  trichloride  produced  bj  tlie 
action  of  chlorine  on  Dutch  liquid, 
•  Ethyl  Bromidep  or  Bromethano,  (^.H^Br,  also  called  fltfdrvhrtymie  ffhrr, 

pff'pnrt'd  by  ^Hi^tilling  a  mixture  of  8  parfs  bromine,  1  part  pho^tphoru 
and  IV,^  p/irts  aleohoK  !t  is  a  very  volatile  liquid,  heavier  than  watcrj  faa^ 
ing  a  penetrating  taslc,  aud  odor,  boiling  a:  41**  C  (lOG**  F). 

Ethyl  Iodide,  or  lodethaBs,  f^rigl.  alwo  CFilled  titfdriodie  tther,  may  be  con* 
renienlly  prepared  with  5  pnrts  of  pliosphorua»  70  parts  of  alcohol  (of  tj 
Bp.  gr.J  auil  100  parts  of  iodine.  The  phosphorus  is  introduced  into  a  I 
bulatcd  retort,  covered  ^vith  part  of  the  alcohol,  and  heated  to  fusioi 
The  rest  of  the  alcohol  is  poured  upon  the  iodine,  and  the  solution  th 
obtained  is  allowed  to  flow  gradually  througli  a  tap-funnel  in(o  the  reloi 
The  brown  liquid  is  at  once  dccolorfxetl,  and  ethyl  iodide  distils  over,  whioj 
ia  condensed  by  a  good  cooling  appnralus.  The  di?«tilliite,  consieting  of  a' 
cohol  and  ethyl  ioilide,  is  figfiin  poured  on  the  residuary  iodine,  which 
thus  rapidly  dissolved,  introduced  into  the  retort,  and  ultimately  entirel; 
couverted  into  ethyl  iodide.     The  latter  is  washed  with  water   to  remove 

I  adhering  akohol,  separnied  from  this  water  by  a  tap-fuunel,  "Hgnsled  wi 
calcium  chloride,  and  rectified  iu  the  water-bulh.      Etbyl  loiJide  may  al 
be  forntt<'d  by  healing  iu  a  sealed  glass  vessel  ii  mixture  of  hydn'odic  act 
And  Qlet^ni  gna.     Dydriodic  elUer  \%  ia  eQ\Qt\«%%Vv^\:ad^  oC  ^«ii«LrfLtin^  elJt«* 
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real  odor,  haTing  a  density  of  1-92.  and  boiling  at  72o  C.  (162<>  F.).  It  be- 
comes red  by  exposure  to  light,  from  a  commencement  of  decomposition. 
This  substance  has  become  highly  important  as  a  source  of  ethyl,  and  from 
its  remarkable  deportment  with  ammonia,  which  will  be  discussed  in  the 
Section  on  Organic  Bases. 

Ethyl  Oxide,  or  EthyUo  ether,  C4HipO=C,H5(OC,H5)=(C,H5),0.  This 
compound,  also  called  common  ethers  or  simply  ether,  contains  the  elementa 
of  2  molecules  of  alcohol  mimu  1  molecule  of  water : 

2C,H,0      —      OH,      »      C^HjoO; 

and  it  is  in  fact  produced  by  the  action  of  Tarious  dehydrating  agents, 
such  as  zinc  chloride,  phosphoric  oxide,  and  strong  sulphuric  acid,  upon 
alcohol.  The  process  does  not  appear,  howcTer,  to  be  one  of  direct  dehy- 
dration, at  least  in  the  case  of  sulphuric  acid ;  for  when  that  acid  is  heated 
with  alcohol  to  a  certain  temperature,  it  does  not  become  weaker  by  taking 
water  from  the  alcohol,  but  ether  and  water  distil  oyer  together,  and  the 
sulphuric  acid  remains  in  its  original  state,  ready  to  act  in  the  same  man- 
ner on  a  fresh  portion  of  alcohol.  The  reaction  is  in  fiftct  one  of  sub- 
stitution, the  ultimate  result  being  the  conTersion  of  alcohol,  C2Hj(0H), 
into  ether,  C^]l^(OG^}i^),  by  the  substitution  of  ethyl  for  hydrogeii.  The 
manner  in  which  this  takes  place  will  be  better  understood  when  another 
mode  of  the  formation  of  ether  has  been  explained. 

When  a  solution  of  sodium  ethylate,  C^lifi'Sh,  in  anhydrous  alcohol,  ob- 
tained by  dissolving  sodium  to  saturation  in  that  liquid,  is  mixed  with  ethyl 
iodide,  double  decomposition  takes  place,  resulting  in  the  formation  of  so* 
dium  iodide  and  ethyl  oxide : 

C,HaONa    -f    CjH.I     =     Nal    -f    C,H,(0C,H50). 

The  result  would  be  the  same  if  chloride  or  bromide  of  ethyl  were  substi- 
tuted for  the  iodide:  morcoyer,  when  methyl  iodide  is  added,  instead 
of  the  ethyl  iodide,  an  oxygen  ether  is  formed  containing  both  ethyl  and 
methyl : 

CjHaONa      +      CH,I    =      Nal      -f-      C.HftOCH^ 
Sodium  ethylate.         Methyl  Methyl-ethyl 

iodide.  ether. 

In  each  case  the  reaction  consists  in  an  interchange  between  the  sodium 
and  the  alcohol-radical. 

Now,  when  alcohol  is  heated  with  strong  sulphuric  acid,  the  first  result 
is  the  formation  of  ethylsulphuric  acid,  S02(0C,H|)0II,  by  substitution  of 
ethyl  for  hydrogen  in  the  acid : 

SO,(OH)(OH)    4-    C.HjrOH)    =    H(OH)    +    SO,(OC,Hj)(OH); 
Sulphuric  Alconol  Water.  Ethylsulphuric 

acid.  acid. 

and  when  the  ethylsulphuric  acid  thus  formed  is  brought  in  contact,  at  a 
certain  temperature,  with  a  fresh  portion  of  alcohol,  the  reyerse  sub- 
stitution takes  place,  resulting  in  the  formation  of  ethyl  oxide  and  sulphu- 
ric acid : 

SO.(OC,H,KOjfI)    -f.    C,H,(OH)    =    C,H.(0€,H,)    +    SO/OH), 
Ethylsulphuric  Alcohol.  Ether.  Sulphuric 

acid.  acid. 

The  sulphuric  acid  is  thus  reproduced  in  its  original  state,  and  if  the  sup- 
ply of  alcohol  be  kept  up,  and  the  temperature  maintained  within  certain 
limits,  the  same  series  of  actions  is  continually  reip^uA,^^,  wA  ^>i\i.«t  wA 
water  distil  over  together. 
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Thi?  most  frivorftble  tcraperature  for  etberification  is  helw^en  127^ 
151®  L\  (2m>*' and  310°  F.);  below  127^  Tcry  little  elhcr  in  pnMln,.-J 
above  164°  u  tlifferent  reaction  takes  place,  resulting  in  the   r 
olefiiiut  gas.     Tbc  ifiAiutenniicc  ot  tbc  teiuperaiurc  wlthia   tb 
duciiig  litnita  is  heat  effected  by  boiling  the  mixture  of  Kulplturic  <icjJ 
alcobol   in  a  flu^^k  into  wlitch  a  furlbpr  qjuanlity  of  alcohol  i^  «rippli^  j 
continuous  and  regulated  pI ream.  Tliis  is  called  the  eofi^ini/f  t'ru«i 

A  wide-tiecked   Husk   i^  fitted  with   a   Bound  cork,  per  tiift 

apcrinres^  one  of  wbiuh  isdeHlined  to  receive  a  tbermomci*.-!  ^kmh  lue  jffi 
nation  on  tbe  stem;  a  second,  a  vortical  portion  of  a  long,  narrow  tub 
turminatlug  tn  an  orifice  of  about  j^^  of  an  mch  ia  diameter;  tkud  tbe  J 


riff,  lU.* 


toOlkf 


a  wide  bent  tube,  connected  with  tbo  condenser,  to  carry  off  I  be  ?oUtiUti 
prod  net  ij.     A  mtiture  is  made  of  8  partiii  by  weight  of  concentrated  sul 
pburie  acid,  and  u  parle  of  rectified  spirit  of  wine,  of  about  l>"8ii-l  «p.  $T» 
Tbiji  18  ititrodueed  into  the  fia(«k,  and  heated  by  a  lamp.     The   liquid 
boils,  and  the  thermtHneior  very  shortly  indicates   a   temperature  of  1 
C,  {ii84*  F.).     When  this  happenw,  aleoliol  of  the  above  deui^liy  is  stuffiTi 

Ialowly  to  enter  by  the  narrow  tube,  which  i»  put  into  commuiitcatiou  w 
a  rerkorvoir  of  thai  liquid,  eoniiiiiting  of  a  large  bottle  perforated  by  n  li 
ai*t 


aifintiitl.    c.  Wt<|«<  tM-nt  111 ti(«  roTHifct'Hl  Willi  tUv  cirtiilrimvr  t*>^T 

r  lor  n-giiUlttig  Uici>  ttfuiiiierfttun»  of  Ihv  UuiliCk^  liAimtL 
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near  the  >>oett)m,  and  furnialioil  with  n  pmall  brnss  sinpcnrlc  fiUprl  hj  & 
'  cork.  The  dtci|jcrj€k  IsHecurtnl  to  the  eml  of  the  long  tuba  hy  a  crtoutchouo 
couriccfor.  An  tbi*  hih«  ptiBsca  nenrly  to  the  bottom  of  the  Uosk,  tho  al- 
cohol gptet  thoroughly  oiixeni  with  the  liCid  liquid,  the  hydroistmic  j>njasQre 
of  ihe  fluid  column  boliig  sufficient  to  iui*ure  the  reguluriiy  uf  the  flow  ;  tho 
quuritity  is  CJL!§iIy   ndju^^teil  hy  tbe  aid  of  tlio  t^lopcock.     For  c(mdotiiji].lioa 

III  Lii'hig'if  Goudeuser  miiy  be  used,  supplied  ^ith  ico-wator.  The  arrange- 
JBienl  i»  i^bowu  in  figure  191. 
L  The  intcn.Hiiy  of  the  heat,  and  the  supply  of  alcohol,  muBt  be  bo  ailjusted 
^hai  the  thermometer  may  remain  at  1-I0°*A  (284^  F.).  or  aa  noar  that  tern- 
^eraturo  as  poi^etibli^  whilo  the  eoriient::^  of  the  flosk  are  maintained  In  a  state 
Af  rapid  and  viftUni  titdUthn  —  a  point  of  cascotial  impor tonne.  El  her  and 
prater  distil  over  together,  and  collect  in  the  receiver,  foniihig  iwo  distinct 
ptruta:  the  mixture  slowly  hlackenu,  from  tfome  (flight  eucondary  u<]tion  of 
the  acid  upon  the  spirit,  or  upon  the  impuritiea  in  the  Intter,  but  retains, 
after  many  liotirs"  ebullition,  its  ctherifying  powers  unimpaired.  The  ncid, 
how^ever*  slowly  rolatilizes,  partly  jn  the  state  of  od  of  tcinr^  and  tbo  qnamity 
of  liquid  in  the  flask  is  found,  afler  the  lapse  of  a  considerable  iniervah 
scnolbly  diminished.  The  \os&  of  acid  eunstitntc^  the  only  limit  to  tho 
duration  of  the  process,  which  might  otherwise  be  continued  indefinitely. 

On  the  large  Hctile,  the  tljisk  tnay  be  replaced  by  a  Ye^^sel  of  lead,  tho 
tubea  being  alno  of  the  same  metal:  the  stcni  of  the  thermometer  mny  be 
made  to  panss  nir-tight  through  the  cover,  and  heut  may  pcrbopa  be  advan- 
tageously iipplied  by  higli-preasure  Bteam,  or  hot  oil,  eirculating  m  a  spiral 
tube  of  metal  immorii^ed  in  the  mixtoro  of  acid  riuil  .**pirit. 

The  cruile  ether  is  to  be  separated  from  the  water  on  which  if  floatB, 
agitated  with  a  litlle  solution  of  caustic  potash,  and  re-dial lUed  by  the  beat 
of  WHrm  vvoier.  The  ftqiieous  portion,  treated  with  an  alkaline  J^olution, 
and  distilled,  yiehls  alcidiol  containing  a  little  ether,  Sotiietimea  the  spon* 
tAQeous  separation  before  mentioned  doea  not  occurp  from  the  accidental 
presence  of  a  larger  qnantily  than  usual  of  undecomposed  alcohol;  tho 
Addition  of  a  little  wiiter,  however,  always  suffices  lo  determine  it. 

Pure  ethylic  ether  in  a  colorlef*'^.  transparent,  fragrant  liquid,  very  thin 
and  mobile.  Its  sp.  gr,  at  15  5°  is  about  i>-720;  it  boils  at  S'liP  C,  {*h°  F.) 
under  the  pressure  of  the  atmosphere,  and  bears  without  freezing  the 
severest  cold.  When  dropped  on  the  Unnd  it  occasions  a  sharp  pentiation 
~  cold,  from  its  rapid  volntilization.  Ether  ii*  very  combustible,  and  burns 
th  a  white  flame,  getieraiing  water  and  carbon  dioxide.  Although  the 
tubstance  ilself  is  one  of  the  lightest  of  liquids,  its  vapor  is  very  heavy, 
having  a  den-iity  of  2  58ti  (referred  to  air).  Mixed  with  oxygen  gas,  and 
fired  by  the  electric  spark,  or  otherwise,  it  explodes  with  the  utmost  vio- 
lence. Preserved  in  an  imperfectly  stopped  vessel,  ether  absorbs  oxygen, 
and  becomes  acid  from  the  production  of  acetic  acid :  this  attraction  for 
oxygen  is  increased  by  elevation  of  tempcruture.  It  is  decomposed  by 
tranaiiiission  through  a  red-hot  tube  into  ethene,  methane,  aldehyde,  and 
etkine^  and  two  Hubstances  yet  to  be  described. 

Kther  is  miscible  with  alcohol  in  all  proportions,  but  not  with  water;  it 
diiiifiolves  to  a  small  extent  in  that  liquid,  K)  parts  of  water  taking  up  iibout 
1  part  of  ether.  It  may  be  separated  from  alcohol,  provided  the  qiuvntity 
of  the  latter  is  not  excessive,  by  addition  of  water,  nnd  in  this  manner 
BBmple«i  of  commercial  ether  may  he  conveniently  examined.  Fiber  dis- 
AoWes  oily  and  fatty  substances  generally,  and  phosphorus  to  a  snirill  extent, 
also  a  few  i^allne  compounds  and  aome  organic  principles;  but  its  powers 
in  this  respect  are  much  inn  re  limited  Mian  those  of  alcohol  or  water, 

AnhydrouM  ether,  subjected  to  t lie  action  of  cU\orme,  T^\«;\A^V\v^V\Y5feft  ^vJti- 
BUtution-proihtcLH  CJf^t%0,  C^ri^ri/}.  and  Cf\^jd.  tV^ft  ^t%\  V^<4  tt't  >?i\\vO«v 
arc  Jiqutda,  irhih  tbt*  third,  produced  by  the  prijlon^tA  ikcV\o"a  ci^  t\Aox\\v<a 
tfa  ether  la  sunslimt^  ss  a  cry st alii ne  solid,      Tlif5  8CCOUt\  c\\\ot:\U'!^  «i«i\x%^Q^^^ 
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is  cniiTertcd  br  hjdrogen  sulphide  Into  the  two  crystalliiM 

Lf^lil-m'ftKf/l  '•xoif^  Ethyl-methyl  ether^  Etkjfl  mHkylaie^  or  Methyl  Mylaii, 
C,Hyj  =  C,HjI.h;H,.  is  produced,  u  alremdj  mentioned,  bj  the  action  of 
mi*:uyl  ioiide  oa  (>oi&j»e^ium  ethjlate,  or  of  ethjl  iodide  on  potnMinmme- 
thytare.     It  i:«  x  rerj  infl^iinmAble  liquid,  boiling  at  11^  C.  (52^  P.). 

Zthyl  Ktnte.  r^H^NO,.  or  i^HflSOr^Xitne  ether.— If  hen  nitric  acid  it 
heated  with  alcohol  aloue.  part  of  the  alcohol  ia  oxidiied,  and  the  nitrie 
acid  is  reduced  to  nitrous  acid,  which,  with  the  remainder  of  the  alcdid, 
forms  etbyl  nitrite.  r^H.NO^  together  with  other  prodncla;  but  bj  adding 
urea  to  the  liquid,  which  decomposes  the  nitrous  acid  as  fast  aa  it  is  formed, 
thl<  action  may  be  prevented,  and  the  alcohol  and  nitric  acid  then  fom 
ethyl  nit  me.  The  experiment  is  most  safely  conducted  on  a  small  scale! 
and  the  di^^t ilia: ion  mu<t  be  stopped  when  seTen-eighths  of  the  whole  have 
pa<^ed  orer:  a  little  water  added  to  the  distilled  product  separates  the 
nitric  ether.  Nitric  ether  has  a  density  of  1*112;  it  is  insoluble  in  water, 
ha«  an  agreeable  sweet  taste  and  o<lor,  and  is  not  decomposed  bj  an  aqneons 
solution  of  caustic  potash,  although  that  substance  dissoWed  in  alcohol 
attacks  it  even  in  the  cold,  with  production  of  potassium  nitrate.  Its 
vapor  id  apt  to  explode  when  strongly  heated. 

Ethtl  NiTBiTE,  CjHjONO. — Xitrow  ether, — Pure  nitrous  ether  can  only 
be  obtained  by  the  d'irect  action  of  the  acid  itself  upon  alcohoL  1  part  of 
starch  and  10  parts  of  nitric  acid  are  gently  heated  in  a  capacious  retort 
or  fla!<k.  ami  the  vapor  of  nitric  acid  thereby  evolved  is  conducted  into 
alcohol  mixed  with  half  its  wefght  of  water,  contained  in  a  two-necked 
bottle,  which  is  to  be  plunged  into  cold  water  and  connected  with  a  good 
condensing  arningement.  All  elevation  of  temperature  must  be  carefully 
avoided.  The  product  of  this  operation  is  a  pale-yellow  volatile  liquid, 
having  an  exceedingly  ugreeuble  odor  of  apples:  it  boils  at  16-4°  C  (61®  F.), 
and  has  a  deni<ity  of  U-'J47.  It  is  decomposed  by  potash,  without  darkening, 
into  potassium  nitrite  and  alcohol. 

Nitrous  ether,  but  contaminated  with  aldehyde,  maybe  prepared  by  the 
following  simple  method.  Into  a  tall  cylindrical  bottle  or  jar  are  to  be  in- 
ti'o<luced  successively  1>  parts  of  alcohol  of  sp.  gr.  0830,  4  parts  of  water, 
and  8  parts  of  strong  fuming  nitric  acid;  the  two  latter  are  added  by 
means  of  a  long  funnel  with  a  very  narrow  orifice,  reaching  to  the  bottom 
of  the  bottle,  so  that  the  contents  may  form  three  distinct  strata,  which 
slowly  mix  from  the  solution  of  the  liquids  in  each  other.  The  bottle  is 
then  loosely  stopped,  and  left  two  or  three  days  in  a  cool  place,  after  which 
it  is  found  to  contnin  two  layers  of  liquid,  of  which  the  uppermost  is  nitrous 
ether.  It  is  purified  by  rectification.  A  somewhat  similar  product  may  be 
obtained  by  carefully  distilling  a  mixture  of  3  parts  rectified  spirit  and  2 
of  nitric  ncid  of  1-28  sp.  gr. :  the  lire  must  be  withdrawn  as.  soon  as  the 
liquid  boils. 

The  strrvt  spirits  of  nitre  of  pharmacy,  prepared  by  distilling  three  pounds 
of  alcohol  with  four  ounces  of  nitric  acid,  is  a  solution  of  nitrous  ether, 
aldehyde,  and  perhaps  other  substances,  in  spirits  of  wine. 

Etbyl  Snlpbates. — There  are  two  of  these  ethers,  corresponding  to  the 
methyl  sulphates. 

Arid  Eihyl  sulphate,  Ethylsulphuric  arid  or  Sulphovinir  acid,  CjH^SO^trr 
02njOS<),n'r.3S(),(()CJl5)(0"H)=:^S(>4(C»n5)H,  which  has  the  composition  of 
sulphuric  ncid.  80411^  with  half  the  hydrogen  replaced  by  ethyl,  is 
formed  by  the  action  of  sulphuric  acid  upon  alcohol.  To  prepare  it,  strong 
rectified  spirit  of  wine  is  mixed  with  twice  its  weight  of  concentrated  sul- 
phuric acid ;  the  mixture  is  heated  to  its  boiling  point,  and  then  left  to  cool, 
nil  on  cold,  it  is  diluted  with  a  large  quantity  of  water,  and  neutralised 
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with  clialkf  whcri^bj  much  calcium  sulpliflte  ts  produced^  Tho  muss  is 
placofl  upon  [I  duth  filter,  riruhied^  iiiid  prt-ssed ;  and  ihe  clear  soluiinn  ia 
evapciniTeJ  to  a  «iiiaU  bulk  by  tbc  bt-fit  of  ft  wiAtvr-buth,  HIltTt'd  from  a 
liLllo  siilphiitt;,  itnd  kit  lo  fry?-t5i]li/.c:  the  prudiiol  in  an'num  H/ti/la,ifpfiate, 
in  beuutiruU  colorluBii,  tnuispareat  crystals,  tiontftiiimg  (»SO^V,(C,jHj)^C»i'''. 
liOlLj.  Tliey  dissolve  in  an  mjual  weight  of  cold  water,  aud  emorescc  in  a 
dry  ntratis|ihere. 

Barium  elhiUidphaff,  (SO^ljfCaH^IBa'^ .  20H^  equally  soluble,  an«!  still 
more  bL^autiful,  niny  bo  produood  by  mibstituting,  in  the  above  prooess, 
bariiiin  cnrbouritc  for  chalk:  froiu  tbis  mibsiauce  the  acid  may  ho  procured 
by  eiaclly  prt^cipilatingr  ibe  base  with  dilute  sulpburic  acid,  ami  evaporat- 
ing  ibe  fihere^i  Buluiion  in  a  vaciiuin  at  tbe  temperature  of  Ibo  ain  It 
forma  a  sour,  syrupy  liquid,  in  which  sulphuric  acid  cannot  be  rccogni2i»d 
by  rUe  ordinary  reag».ail^,  and  is  very  easily  deoompojiod  by  heat,  and  even 
by  long  exposure  in  the  Tacuum  of  the  air-pump.  All  tbe  etbylsulpbatos 
are  soluble;  the  solutions  are  decomposed  by  ebullition.  Tbe  lead-Bait  re- 
sembles the  barium-coin pound.  Tbe  potassium  sall\  SO^(ryllj)K— easily 
made  by  decompiling  calcium  ethylsiilpliale  with  potastsiunj  carbonate — ie 
ftiibydrous,  permanent  in  tbe  air»  very  ti(>lubl«»  and  crj-slsillixes  well. 

Fotapsium  etbyl^ulpbate  distilled  with  concent  rated  sulpbuHc  acid,  gives 
ether;  with  dilute  9ul|diuric  acid,  aleobol  i  and  with  Rirong  acetic  acid, 
acetic  ethi;r.  The  ethylaulpbates  heated  with  calcium  or  barium  bydraie, 
yield  a  nulpbate  of  the  basiu  and  alcoboL 

Ufthionk  acid,  CjH^SO^.  nrj  acid  JHoineric  with  ethylaulpbunc  noid,  h  ob- 
tained, ait  already  observed,  by  boilin|r  ctbionic  acid  (p*  011^)  witb  water; 
ftNo  by  tbe  prolonged  action  of  strong  aulphurie  acid  or  sulpburic  oxide  on 
alcohol  or  ether,  and  is  found  among  the  residues  of  the  prepJiratiun  of 
ether.  It  is  a  viscid,  strongly  acid  liquid,  Avhich  decomposes  actioles  and 
common  salt,  bears  without  iJeeomposilioti  a  heat  of  15cy°  C.  (^iXd'^  k\),  but 
blnckens  at  a  bigber  teruperature. 

Tbe  tiietallii:!  uethionates  are  solublo  and  crjatalUxable,  and  are  dislin- 
gnii.*ihed  from  the  ethylsulphaics,  with  wbicli  they  arc  ijiomeric,  by  llieir 
niucb  greater  stability,  most  of  them  austaining,  without  aileratiun,  a  tern' 
peraturo  of  JOC^  0.  {:192°  F.). 

Potassium  isetbionate,  C2l!glCSt>^,  distilled  with  pbospboniB  pcntachlo- 
ritle,  yieldit  i^irthtonk  chloride^  C^ll^SO/'l,;  and  this  ei>nipourid,  beaieil  in 
sealed  tubes  with  amrnQuia^  is  eonvei  ted  into  (aurift^  a  neutral  crysialiizablQ 
ftubist^noe  likewise  obtained  from  bile: 


Iscthionic 


4^     NH,    +     on,    ^    2HCI     +    C,H,NSOy 

Taurin. 
chloride, 

Taurin»  treated  with  nitrous  acid,  is  reconverted  into  isethionic  acid. 

Neutral  Ethfl  nnlphate,  StyCjlJj)^.  or  8i>3(0(,*jHa]j,  is  formed  by  passing 
(be  vapor  of  sulphuric  oxide  into  perfectly  anhydrous  ether,  A  syrupy 
liquid  ia  produeed,  which,  when  shaken  with  4  vols,  of  water  and  1  vol.  of 
ether,  separate<i  into  two  layers,  the  lower  containing  etliylgul|)huric  acid 
aud  various  other  compounds,  while  the  upper  layer  consists  of  an  ethereal 
iulution  of  neutral  etbyl  sulphate.  At  a  gentle  heat  the  ether  is  volutiUaed, 
Atiil  the  ethyl  sulphate  remaina  as  a  colorless  liquid.  It  cannot  bt»  distilkHl 
without  decomposition, 

Ethjrl  Bnlpbites. — Tbe  «ciV/  Mvfphife,  or  Efhifhulphitrom  arid,  iSOj(CjFj)H, 
Is  produced  Uy  the  action  of  nitric  acid  on  eth3l  sulpbbydrtite  or  sulplio- 
cyanaie.  When  concentrated  by  evaporation  it  is  a  heavy  oil  of  spectlic 
gravity  1'30,  U  is  a  monobasic  acid»  forming  cryataUitahle  salts,  which 
deoooipoife  when  heated,  giving  off  sulphurous  oxide, — ymtral  Eth*il  »ut- 
phiti^  SO|(C,tfg|,,  is  obtained  by  adding  aba^lule  ftl<johtt\\i\  (iVQ«%^\.^  <iVVMXv^<i 
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btflutpbide  (p.  20^\.    Hjclrochlorie  acid  10  eTolireil^  Mid  «ul]ibur  d«ponlcd, 

%htle  the  ethyl  sulphite  distUe  hs  a  limpid  strouglj-eiDellitig  Ui|uia^  of  up, 
gr.  1*085,  bvlliug  at  170*;  it  ia  glowly  decompi>«ed  by  irat«r. 

Ethyl  Fbotpbalei. — Three  ethjl  orthopboffpb^lrs  b«Te  been  obUiBcd, 
two  «citl  Aiid  one  neutral,  analugous  in  coinposiiion  to  the  8o4iimi  ph»- 
plxiites  ;   also  a  neutral  pj^  rap  hasp  Lute. 

M*mHh*ihc  phonphttf,  or  E(hiilphi>9phor\t  and,  PO^tC.H^)!!^  or  fPO)^' 
(OCjlijH  OH  )^  libo  called  Phoitphovtntc  uad.  This  acid  is  bibasie.  Its  barium 
fijkU  ia  prepared  bj  heating  to  ^2^  C  ( l^^  F. )  a  mixtiue  of  equal  weightt  af 
strong  alcohol  and  sjropy  pUospUorto  acid,  diluting  ibis  mixture,  after  the 
]ap«e  of  24  houra«  with  vraler^,  and  neutralliing  with  barium  carbonate* 
The  solution  of  etbjlpbo^phate,  separated  hy  tiltration  from  the  insoluble 
phosphate,  is  evaporated  at  a  moderate  temperaiure.  The  salt  crjratallises 
in  brilliant  hexagonal  plate«,  which  have  a  pearly  lustre,  and  are  more 
soluble  in  cold  than  in  hot  water;   it    '        '  ' '       rts  of  water  at  20* 

C.  (<>8'=  F.)-     The  crjstab  contain    i  From  this  saU 

the  acid  may  be  obtained  by  precipii ^    ...  ,  ,.  .  ''  <lii>.i.-  ^ulpborie 

acid,  and  eTaporiiting  the  filtered  liquid  in  the  vaci  jump:  it 

fortnd  a  colorless,  syrupry  liquid^  of  intensely  sour  t a  -  <*xhibit- 

ing  appearances  of  cry«taLUiation,  It  is  very  soluble  in  water,  alcohol* 
ttnd  clher,  and  easily  decomposed  by  heat  when  in  a  concentrated  slat«, 
Tlie  ethylpboaphates  of  calcium,  silver,  and  le-ad  possess  but  little  s^duhiK 
ity;  thos«  of  the  alltaU-meta.lB,  magnetiumi  and  strontium^  are  freely 
soluble. 

Dutkylie  photphate^  or  Difthflpkoiphoric  add,  PO^fCjITjlJI,  or  (?0)''' 
(Ojf'gllj^jiOtl),  is  a  monobasic  acid,  obtained,  together  with  ih*>  t.t^...  .v*),ng, 
by  ttic  action  of  syrupy  phoiiphoric  acid  upon  alcohol     Its  l>  er. 

and  ](!!ad-8atts  are  more  soluble  than  the  metbylphoaphates*  lum 

sail,  (I'O^yC  Hgi^Ca^',  and  the  lead-salt,  (PO^),!  C^HjI^b'',  arc  aiihydrouiL 

Trit/hjfUc phwphaif,  i^O^{^\il^\^,  or  (P0i^''^Ut'yHj)5,  is  obtained  in  iotall 
quauiity  by  hoatittg  the  lead-salt  of  diethylphoi^pboric  acid  to  KKP»  mors 
«aKily  by  the  action  of  etbyl-iodide  on  triargcntic  pho^phate^  or  of  phos- 
phorus oxychloride  on  sodium  ethytate:  ^^M 

aCifljONa     ^     (P0)"^C1,     =     3NaCl    +     fPO)'"(OC,njy,*    ^^H 
It  IB  a  limpid  liquid  of  »p.  gr,  1  072  at  V2^  C.  (64o  F.),  boiling  at  21S<^P 
(V2\P  F.),  auhible  in  alcohol  and  el  her,  und  also  -in  water,  by  which  howw 
ovi-r  it  is  slowly  decotupoHed. 

Trfrftht/iie  Vyropho^phaU,  PiO/*^^!!^)^,  produced  by  ths  Mtaon  of  ethyl 
iodide  on  argetitic  pjrophosphaic,  i:*  a  viscid  liquid  of  sp.  gr.  1-172  at  17^ 
C.  («h1°  p.],  decomposed  by  potash,  with  formation  of  polAasiimi  diethyl- 
phosphate. 

Ethyl  Boratsa. — Three  of  these  ethers  are  Icnown,  Tii<: 
Triethylic  borate  ,         (<^iH4),B0y 

Monet  hylic  borate         ,  C^H^liO,, 

EtLjlio^  .nhydrobomt.,    1  op  n^BO, .  B.O^ 
or  biboralo        ,  ,      j        t    *      *       »  r 

Trkthjlk  horatf.  is  formed  by  the  action  of  boron  trichlortde  on  alcohol : 

8C,Hj(0n)     +     BCl,    ==    SHCl     +     (C,H»),150,. 

It  ia  a  thin  limpid  liquid,  of  agreeable  odor,  pp.  gr-  U'&86,  boiling  al 
11*,»*  t;,  (24tt*  F  ),  decompoi'ed  by  water.  Its  alcoholic  solution  burns  with 
a  ^ne  /rr*^en  flume,  t browing  otf  a  thick  enioke  of  boric  acid. 

MonethtjUc  h*,rtttt,  l\jlljlU>^  \»  twrncd,  n«\V\v  w^T«.>;\*ati  ^A  \»aH«s  acid,  by 
iliii  acfi  on  of  alcohol  on  I  ho  aTi\iyt\To\»oT^Vfe\ 
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It  is  a  colorlcHS,  mobile  liquid,  reBcmbling  trieihylio  borate.  The  anhy- 
drofjorate^  -ICjII^BO,  *  BjUj,  is  fi»rmed  by  llie  uctitm  of  boric  oiitle  on  uq 
equal  weigbt  at'  aubjilrous  iilcobob  and  may  be  ubtiiined  by  coucentration, 
ill  tb©  form  of  a  r'lncid  liquid,  wbich  solidifies  ai  30(F  0.  (572®  F.),  giving 
o^  aleobol  Tapor  and  etbene  gaa,  and  leiiviiig  boric  oiide. 

Etbyl  BiUcatM.  —  Tetreihylk  wilicatt,  (C,llj)^SiO^.  or  Si''(0C,TT4L,  is  pro- 
duced by  treating  ailioiu  chloride  witb  %  aiuaU  qmmLlty  of  anhydrous  al- 
cohol: 

^C.HjOH     4-     SiCl^    =^    4HCI     ^    Si(OC,I]j)^. 

Tt  it  ft  colorless  liquid,  having  a  rather  pleasant  ethereal  odor,  and  strong 
peppery  taaie;  sp.  gr.  0-1)93  at  2U°,  li-  boils  wiihout  decomposiliou  be- 
tween 1^6^  and  160"  C,  (329° -330*  F.),  and  when  set  on  fire  burns  with  a 
daziling  flame,  difu^ing  Ji  white  fiuioku^  of  ftndy  divided  silica.  It  is  de- 
compoiied  slowly  by  water^  quickly  by  auimonia  and  I  be  fixed  alkalies. 

Ihtthylic  iilicate,  (C,,H^)^8iO^.  or  {SiO)'^(OC^H4).j,  ia  produced,  according 
to  Ebelmen,*  by  the  action  of  silicic  chloride  on  a<|aeous  alcohol: 

2C^Efill    -f    OH,    4-    SiCl^    =    4HCI    +    (SiO)(OC,H,)^ 

It  if  a  colorless  liquid^  of  fq>,  gr.  1*079,  boiling  at  350°  C  (^^2°  F  ),  decomposed 
by  water,  wttli  separation  of  Htlica.  On  iliintilling  it  wi*li  a  small  quautily  of 
aqtieoua  alcohol,  a  liquid  reniainH  in  the  retort  conaisling  of  diethylic  di- 
silicate,  (C,!!^)/!)/*^.  or  (C  HskSiO, .  SiO,. 

Heitthuiic  iliniUmfe,  {(\\is,h^\fiv  ^^  b(C  Hj^SiO^ ,  2SiO«— Friedel  md 
Crafts*  were  not  able  to  obtain  the  two  cthylic  silicates  last  mentioned; 
but  having  prepared  a  considerable  quantity  of  tet  ret  hylic  silicate  with  al- 
cohol that  was  uot  quite  anhydrous,  they  found  that  ibe  greater  part  of  th© 
product  distilled  over  tuward  240*^,  and  that  it  was  not  possible,  by  distil- 
lati<:»n  under  the  ordinary  atmospheric  pressure,  to  obtain  a  product  of 
tletinite  boiling  point.  By  distillation  in  a  TACUum,  however  (under  a  pres- 
sure of  H  lo  6  millimetres),  they  obtained,  after  eight  fractionations,  a  pro- 
duct boiling  between  Vlh'^  and  \W°  C.  (257*^-206''  F.),  and  having  the  com- 
position of  hfxetkiitk  dmtk^iie.  Thi^  etber  ifi  a  slighily  oily  liquid,  having 
a  rather  fragrant  odor,  like  that  of  tetrcthylic  silicate,  and  a  specific  graT- 
ity  of  1019ti  at  0*>, 

Silicic  ethers  containing  ethyl  and  methyl,  aod  ethyl  and  amyl,  have 
likewise  been  obtained. 

The  ethylic  ethers  of  organic  ftclds  (carbon  acids)  will  be  described  in 
connection  with  those  aciilZ 

Ethyl  Sulph-hydrata,  or  Mereaptan,  CJI^jSH, — This  compound,  the  sul- 
phur analogue  of  ethyl  aleuhol,  is  produced  analogously  to  methyl 
aiilph-hydrate  (p.  51o),  by  the  action  of  polaasiuin  sulph-hydrale  on  cal- 
cium ethyli*ulpbii.te.  A  solution  of  caustic  potash  of  sp.  ^t.  1'28  or  1-3,  is 
itatttrated  with  sulphuretted  hydrogen,  and  mixed  in  a  retort  with  an  equal 
volume  of  solution  of  calcium  ethylsulphate  of  the  same  density.  The  re- 
tort is  connected  with  a  good  condenser,  and  heat  is  applied  by  means  of  a 
bath  of  salt  and  water.  Mercaptan  and  waler  disitil  over  togriher,  and 
are  easily  separated  by  a  tap-funneb  The  product  thus  obtained  is  & 
cobtrless,  limpid  liquid,  of  sp.  gr.  084^2,  but  slightly  sohible  in  water,  easily 
miscible,  on  the  contrary,  with  alcohol.  It  boils  at  3tp  C.  (THJ"  F.).  The 
Topof  of  mercaptan  has  a  most  intolerable  odor  of  onions,  wbicti  adheres 
to  the  clothes  and  person  with  great  obstinacy :  it  is  very  inflammable,  and 
burns  with  a  blue  flame. 

When  mercaptan  \a  hTonghi  into  contact  wUU  mQTQUT\Q  o^\^"ft,»  «^wi  ^a- 
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lh«  cold,  Yiolent  reaction  caBnea,  water  is  formed,  and  a 
pro<]ucedf  solulilc  in  alcoholi,  mid  sop&raiing  from  tbal 
cryBtttla  which  contain  (CjHj)j.S,Hg^'.  This  compound 
gulphuretteil  hydrogen,  mercuric  sulphide  being  thrown  down,  sad 
citpian  reproduced.  By  adiJiiig  solutiona  of  loAd,  copper,  Mlver,  «id  |«li 
to  ati  akoholic  solution  of  nieroipt&n,  correspoDdiogcornpouad^  amt»iBii( 
those  metals  ure  formed.  Causiic  potash  produces  no  effect  upon  o^mf' 
tan,  but  potasHium  displaces  hydrogen,  and  gives  rise  to  a  crystaQinlit 
compound,  C,H^SK,  soluble  in  water.     Sodium  acta  in  a  similar  mamier. 

Ethyl  Sulphidoi. — Three  of  these  compounda  hare  been  abtained,  *iial»' 
gou«  iu  compuHition  to  the  methyl  sulphides,  and  produced  by  simper  -^ 
actions.     The  monmiiiphide,  (0,0^)8,  or  C^IIjSCjH^.  U  a  colorless  oil\ 
having  a  verj'  pungent  alliaceous  odor,  a  specific  gravity  of  0'825  ui  ^ 
(♦>H^  F.),  and  boiling  at  72"  C.  {162<'  F.),     It  ia  very  inflanimahle«  and  bttrni 
with  a  blue  iouie.     \^'hen  poureil  into  chlorine  gas,  it  talccs  fire  ;  but  wb«fi 
dry  chlorine  is  passed  into  a  flask  containing  it,  not  at  first  into  the  lii| 
the  vcsiel  being   kept  cool  and   in    Ihe    shade,    substitution^pro^jQCta 
formed  and  hydrochloric  acid  is  copiously  evolved.     The  product  e«i 
chiefly  of  dithtortth^Hc  jtufphide,  (CjII^CU^.     If  the  action   take 
diflTuBed  ilaylight,  and  without  external  cooling,  the  compound^  ' 
and  (CjIlt^l^^S  are  obtained,  which  may  be  separated  bj  frat  t 
lation,  the  first  boiling  between  IHa**  and  J9*i*»  C.  (372**-378"  F. 
betwePTi  'JW  and  1^22° U.  (423-432*'  F,).     The  action  of  chlorine  • 
sulphide  in  sunshine  yields  a  more  highly  chlorinated  compound,  l 

Ethpl  bittdphidt,  (^i^^a)>'%  obtained  by  distilling  potaaaium  biaalpiti 
liitli  potassium  ethylHulphate  or  with  ethyl  oxalate,  is  a  colorless  oily  b(|r 
Tory  inaamniiible,  boiling  at  1^1°  C.  (302^  F.).  The  trtMnlphtde,  {CJI^^l 
18  a  heavy  oily  11  quid ^  obtained  by  acting  In  like  manner  on  potaaAi 
pentaaulpbide. 

Triethylinlpbnroni  GompDnndi>  — When  ethyl  monoBrulpbide   and  frib; 
iodide   are  heated  togethtT^  they  unilo   and    form   frftlphuro\t$   imlotrirl^*^ 
(CjlIjj^S.C^lljT,  or  8''(C^ilj)jl,  which   cryslalUies  in  needles.      Th«  luiini' 
compound  is  formed  by  the  action  of  ethyl  iodide  on  ethyl  sulpb -hydrate: 

2C,ffJ        +        C,H.SH        =        HI        +       'stCA)tI. 

or  of  hydrogen  iodide  on  ethyl  monosulpUide : 

HI        +        2(C,H,)^S        =        C.HaSH        +        S(C,H^),L 
Sulphurous  iodotrlelhidc  i^  insoluble  in  ether,  slightly  soluble  in  aloohoU  itl' 
eryetallizes  from  the  sohition  in  white  deliquescent  needles  belonging  lotbf 
monociinic  system.     It  unites  with  metallic  chlorides. 

Ethyl  chloride  tind  ethyl  bromide  unite  in  like  manner,  but  less  readily 
with  ethyl  sulphide,  forming  the  compounds  S(C,H4),Cl  and  S(0,Ht),Br, 
both  of  which  cryBtalliie  in  niH"tllr-j«. 

IJy  treating  the  iodine  compound  with  recently  preoi  pi  tainted  silver  oxiiJi*i 
a  strongly  alkaline  solution  is  obtained,  which  dries  up  over  oil  of  vfiriol 
to  a  crystalliiio  deliqueHcenl  mass,  consisting  of  sidphumu*  tritt),-  '/*J 

lal^  (CjHg^,8(0H).     The  solution  of  this  substance  disftolvos  \h  ftf 

causiie  potash,  and  forme  similar  precipitates  with  various  meuiiiH  "iiial 
It  neutral izcs  acids^  forming  definite  crystallixable  salts,  t.g.^  the  nitraM^I 
(C-H^VSONOy  the  acftate  \V^n^)^{Oi\l\^0),  &o. 

The  formulie  of  these  compounds  show  that  sulphur  ia  at  lea^t  qnadr^ 
Talent  (p.  237). 
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It  hftfl  already  been   oheerved   thjU   iiiQ  tliriu*- carbon  akohol,  CjH^O,  Is 
Buscepiible  of  two  isoiuDric  mctdiiiculiotis,  namely  : 


Kormftl  Propyl  alcohol 


iBopropyl  alcohol 


C^  H,  or 

Oil 


■ 

CHjOH 

V 

HCOH 


eiMsli  of  which  may  give  rise  ti>  &  corresponding  a«t  of  ethera  and  other 
dcrWatlves.  The  normal  propyl  compounds,  however,  are  bui  little  known^ 
none  of  thoin  htiving  yet  been  prcpan^d  synlhctiically,  eici*pt  propylamino 
and  propyl  cyamde,  to  be  afler wards  considered.  Chanctd,  in  1H53,  by 
subjeoling  the  fuHel-oil  of  marc  brandy,  prepared  in  the  Botiih  of  France,  ] 
to  fractional  diatillaiion,  obtained  a  number  of  a!eoboU>  among  which  was 
on©  to  which  be  aniiigued  the  composition  <JjHgH;  th\n  has  usually  been 
regarded  aa  normal  propyl  alcohol,  but  it  was  not  obtained  pnre,  and  is 
allogelher  Tery  little  known. 

Iiopropyl  Alcohol,  CI! (Cnj)jOH  — Thh  akohol  h  prepar<*d:  1.  From 
acetone,  (C'0)"(Cll3)^  by  direct  addition  of  hydrogen,  eTolred  by  th« 
action  of  water  on  Hodiiuu  amalgam: 


V 

CO 

Acetone. 


+ 


H.        = 


H.C  CH, 

V 

IICOIC 

Isopropyl 

alcotiol. 


This  mode  of  pyntheaia  affords  direct  proof  of  the  conatitntion  of  iso- 
propylic  alcohol,  the  addition  of  the  two  hyiJrogen-alom«  beiiif^  tjiritAniomit 
to  the  rcpUcement  of  the  bivalent  radical  oxygen  by  the  two  monad  radi- 
cals, hydroj^eii  nnd  bydroxyl. 

2.  laopropyl  iodide  is  prepared  by  the  action  of  iodine  and  phosphortii 
on  glycerin  ;  thia  iodide  is  easily  converted  into  the  oxalate  or  acetate  by  ] 
treatment  with  tilver  oxalate  or  acetate;   and  from   eitber  of  these  etlien ' 
tho  alcohol  may  be  obtained  by  distillation  with  potash  or  soda. 

Iflopropyl  alcohol  Is  a  colorless  not  very  mobile  liquid,  having  a  peculiar 
odor,  a  specific  gravity  of  0  791  at  lij''  a'{m°  ¥.),  boiling  at  8H''  to  M'^  C. 
(I81'^-18«J'*F. ),  under  a  barometric  prejiaure  of  7^19  millimelrea,  not  freeziug 
at  '2t)^.  It  does  not  act  on  prdarijied  lipht.  It  is  very  difficult  to  dry,  as  it 
mtxofl  with  water  in  all  proportions,  and  forms  with  it  three  definite  and 
▼ery  atJible  hydrates,  vij.,  St^llgO.  21*1!,^,  boiling  at  78^^P  C.  (172^-17fi*' 
P.);  2*\H,0,0K,,  boiling  at  Ht>°;  and  SO^HsO.OH^  bailing  at  81*^.  The 
second  of  these  hydrates  exhibits  a  very  close  resemblance  to  elhy!  alcohol, 
and  ha^  the  same  percentage  compn.sitioiK  boils  at  nearly  the  same  tem- 
perature, and  likewise  yields  ncetie  acid  by  oxidation  {«»fle  p.  632) ;  more* 
orer  it  retains  it«i  water  of  hydration  so  obstinateVy,  Mh^*^  \1  '\Q'e.%  \i^V  ^^^exv 
cliange  the  white  color  of  anhydrous  cupric  au\p\\ale  it)  \i\\\t.  '^y*^  xisflv^\s^'eX 
made  of  distiaguiahing  between  thia  hydrale  and  ct\i^\  aX^ioVx^  v-a  Vft  «^'«^'*' 
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Ihem  to  the  tut! fin  of  ioditie  and  phosphoruis.  wfaercbj  the  former  if  coB- 
verted  iiuo  isopropyl  iodiilc%  the  Ititter  imo  ethjl  iodide. 

Tbe  cbiirootenstic  praperLj  of  isopropjrl  alcobol  is  that  it  yield»  icvtost 
by  oxidalion  with  diluro  chromic  acid,  ibis  transformatioD  being  the  rtterif 
of  Ihftt  hj  which  it  id  produced: 


H.C  €H, 

V 
HCOH 


O        = 


H,C  CH, 

V 

CO 


-h     OH, 


On  puHhiQf^  the  oxidntiott  farther,  the  Aceione  bre«kB  up  into  acetio  i 

carbon  dioxide  uud  water: 


CO{CH,V 

Aceluiiti. 


+     0, 


co(cn,)OH 

Acetic  acid. 


+     C0»     H-     OH, 


The  evolution  of  carbon  dioxido  in  this  reaction  affords  m  fiirihcr  < 
tiofi  between  hjd  rated  is  op  ropy  I  akudiol  and  ethyl  alcohuL 

The  forniatioii  of  a  kiitune  by  oxidation  is  the  essential  chiiraot eristic  4)/ 
a  gecondary  alcohol^  and  U  an  immediate  consequence  of  its  atruetare. 
The  primary  ulcohols,  C^  Ht^+^O,  are  dirpclly  converted  by  oxidatioa  lai" 
aldehydes,  C»  HfeO,  and  acid«,C,  Ha.Oy  not  ijilo  ketones ;  Lhua ; 


CH, 


0  = 


OH* 


OH 


Ethyl  alcohoL 

C,H,0 
Aldehyde. 


+ 


Aldehyde. 

C.B.O. 
Acetic  acid. 


Tsopropyl  alcohol,  heated  with  acetio  acid,  or  with  pnta8«iium  aeelaie  i>d 
Bulphuric  acid,  h  couTcrted  into  i^opropjft  acetate,  CH(CHj),OCjHj|U, 

IsornoPTi.  loiiiDK,  CIl(rilj)J,  ia  most  conveniently  prepared  by  the  if- 
tion  of  hydriodlc  acid,  concentrated  and  in  larger  excess,  on  gljfceiio 
(propenyl  alcohol)  €|H|0}: 


C,H,0,    +     6HI 


CjH^I     +     30H,    H-     21, 


The  iodine,  nn  fast  as  it  is  set  free  by  (be  reaction,  may  be  rcconrerted 
into  hydr iodic  ncid  by  meiius  of  phosphorus,  and  will  then  be  rvndf  t^ 
act  upon  another  portion  of  glycerin.  It  may  also  be  pro^lueed  by  the  *<;- 
tion  of  hydriodlc  acid  on  isopropyl  alcohol,  allyl  iodide,  Cgligl,  propene,  or 
propcne  alcoboL 

Isopropyl  iodide  is  an  oil  boiling  at  89«-tX>o  C.  (lt>2»^194'»  F,),and  hariftf 
a  epecific  gravity  of  }'HX  Wiih  mdium  in  presence  of  ether  it  yields  pro- 
pene,  propane,  and  di -tsopropyl,  ^4^14-  Bromine  cipcls  the  iodine  lail 
forms  isopropyl  bromide* 


b- 
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Theory  indicates  the  existence  of  four  aleoboln  included  in  ibo  fonERtll 
C^UiqO^  two  primary,  one  iiacoadary»  aiui  <iii«  V'm\:v*.t^\  iJbius^ 
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Prim  a  r  J* 


Socoudarjr.       TerUarj. 


Propyl  earbinol 


ClI 


H,C^ 


,COH 


Isnprojiyl 


cl.. 

H,€QH 


n.ci  CO, 

V 

COM 


DH^ 


Trimi'thyl 
carbiuol. 


Propyl  C&fliiiiol, 


fCll-CILCUj 

(uic 


. — This  alcobol  is  obtained  from  quartyl 


cliloridc,  C^IIgCl  (prodyced  hy  the  action  of  chlorine  or  quartane  or  diethyl, 
Ci^Hig),  by  UL'aiing  that  cbh>ride  wilh  potiiiiii^juiii  uceialu  auit  Hlroiig  ucviio 
acid,  whereby  il  is  cotiverUvd  into  qiiartyl  aeeljile,  mid  trettlini?  ihstt  coiu- 
pouiici  with  barium  hydrate.  The  alcohol  thuB  prepared  yieldti  hutyric 
ncid  by  oiidaliou.^ 

Iiopropyl  Corbinol,  C  4  II,  ^- — This  vnriety  of  primary  butyl-alcohol 

[oh 

was  foimd  by  Wurti  in  the  fusel-oil  obtained  by  fermeniing  ihe  TnolasspB 
of  beet-root  su^j^ar.  To  separate  it,  tJuH  oil  is  Eiubtnitted  to  fractional  di?til« 
lation,  and  the  liquid  boiling  between  1D8''  atid  IIH^  i«  repeatedly  rectified 
over  potasaiinn  hydrate,  till  it  boila  constantly  at  llD**  G-  {2Sijl°  F.). 

Tiire  iflopropyl  carbinol  is  a  crdorless  liquid,  having  an  oiJor  sotnewhat 
like  that  of  aniyl  ahohol,  but  le.»?fl  pungent,  and  more  Tinoua:  9p>  pr.  ^ 
0  8032  at  18-5**  C.  ((>5°  F.).  U  dissolves  iu  10 J  limes  it«  weight  of  water, 
and  is  separated  therefrom*  as  nm  oil,  by  calcium  chloride,  sodium  chloride, 
and  other  soluble  salts.  By  oxidation  it  is  converted  into  butyric  acid, 
C^TT|Oj.  whence  it  appears  to  be  a  primary  atcohol.  Formerly  also  this  alco- 
hol was  assumed  to  ha^e  the  conaiiiniion  reprei»cnted  by  the  firtsi  of  tbe  for- 
mula? above  given ;  in  other  words,  to  consist  o(propffl-ct2rtiinol,CU.j{l\Uj}iill ; 
and  all  the  other  alcohols  of  the  series  produced  by  fermentation  were  ?up- 
poaed  to  be  similarly  const  it  u  led.  This  assumption,  however^  did  not 
re»t  on  very  exact  esperiuiental  data;  and  from  recent  experiments  by 
Krlenmeyer.f  it  appears  that  butyl  alcohol  produced  by  fermentation  con- 
flists  of  isoprrtptfl-carbinol^  CH-[ClI(CII,)j]OH,  or  is  represented  by  the 
aecond  of  the  formuh^^  above  given  for  the  primary  four-earbon  aleuhol. 

laopropyl-cnrbinol  is  acted  upon  by  acids  and  other  chemical  reagents 
much  in  the  same  manner  a»  common  alcohol  (methyl-carbinol).  With 
Btroug  gulpkuric  acid  it  yields  qunrtal-sulphuric  and,  80^1*1  (C^ll,),  if  the  mix- 
ture IS  kept  cool ;  but  on  healing  the  liquid  gnarimt^  or  hutt^frjie^  C^H|  ia 
given  off  mixed  with  sulphurous  oitidc  and  carbon  dioxide.  Heated  with 
hydroehliirk  atid  in  a  sealed  lube,  or  t rented  with  phnftpftortts penNichloride  or 
oxj/rhiondt,  it  is  converted  into  qifnrft/l  e/doridf,  C^H^tU,  or  thloroquartane^ 
an  ethereal  liquid,  liaving  a  pungent  odor,  and  boiling  at  TO**  C.  (158*'  F,); 
qunrff/l  bromidr,  (T^ff^Mr,  oh  rained  In  like  manner,  boila  at  S9**,  the  iodide 
(!^|II,I,  at  12P  (_\  (2Ai!  F.).  The  iodide  18  decomposed  by  potassium  or 
sodium,  yielding  diquartyt  or  dihui^l^  CgHjg,  probably : 

•  »hif¥ftt,  Ann.  Ch-  Pfmrm.  rxnx^  23S.  . 

/  XiitmUrift  fur  Chvaiie,  Ntfti«  Hoihn,  ill  117.    TU«  d«UU»  ol  V\w»  \ii^t«Vti»AWii  ««i  ^wA- 1**" 
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HiCs 


HjC-' 


'  ii 


CH. 


a  limpid  liquid,  lighter  Ibati  Tiratcr,  and  boiling  al  11)5**  C,  (221®  F*)*    Tbi 
gamo  hydrocarbon  i§  obtained  bjr  the  electroljaia  of  Talerio  acid,  0.11^0. 


Methyl' dthyl  Carhin«l,  or  Seeondary  Bntylie  Alcohol, ^ — C 


(  OH 


nit 


mlcohol  is  obtained  from  erytbrite  {tryikTomamdtt)^  %  saccharine  aubfllaaei 
having  the  composition  of  a  tetratomic    alcohol,  C4H,/>„  or    C^HjjOH 
The  erythrite,  distilled  with    fuming  hjdriodic  acid,  yieida  melhyi-f-thjl 
iodomeihane,  or  aecondary  butyl  iodide,  CV(7H,)(C,H^)HI,  and  tJiis  liquK 
treated  with  moist  silver  oxide,  is  couvertea  into  meihjl-ethjl  carbinol 

€(Cn,)(C,!l,)Hl     +     AgOH     =    Agl     -f- 
MethyUethyl  iodo-  Silver  Stiver 

niethaae,  hydrate.        iodide. 


C{CH,)(CJij)HOH. 

Methyl-cthyl- 
carbinol. 


m 

1 


Methyl-ethyl  carbinol  is  a  colorless  oHy  liquid,  having  a  fllrong  odor  Ba4 
burning  tii»Lt%  a  specific  gravity  of  t}'Hi>  »*t  0",  and  boiling  ui  4>o^-Wf  CS 
(208''-UUH*'  F.)  (about  10"*  C.  (IS'*  F.)  lower  than  the  primary  alcuhol).     Wb«flB 
heated  to  2r>t>°  U.  (482*  F.)*  it  ia  for  the  most  part  resolved  into  wat«r  r"**  ^ 
quartene  or  butylene:  €^11^,0  ==  OH,  ^  C|Hg. 

Mftkifl-tlhyl  iodomtihanf^  or  Secondary/  Butyl  iodidt,  prepared  as  above,  Ofj 
by  the  action  of  i^troog  hydriodic  acid  on  the  alcohol,  is  a  liquid  haviti^  I 
pleasant  ethereal  odor,  a  specific  gravity  of  1-632  al  0°,   l*t;00  il  2CP  dl 
(68*»  F.)  and  I  -584  at  m""  C.  (^O**  F. ).     It  boils  at  1 18"  C,  (244«  F. ).     Kromiot  ] 
decomposes    it,    expelling   the   iodine    and   forming   quartene    dihromi^lt! 
C^H|C1,.     When  diatilled  with  alcoholic  potash  it  gives  off  quart ene,     Tliil  ' 
tendency  to  give  off  the  corresponding  olefinc  is  characteriMic  of  bH  tlit 
aecondary  alcoholH  and  ethers,  as  will  be  further  noticed  in  connccUoa  witJi 
the  five-carbon  compounds. 

Ttimethyl  Carbinol  or  Tertiary  Butyl  Akoholr  C I  J^r.  *'*,  ts  produced  by 

treating  tine  melhide  wilh  carbon jl  chloride   (phosgene   gas)   or  acetyl j 
chloridei  and  submitting  the  product  to  the  iictiou  of  water.* 


an 

liiB 
he  1 


2C0C1,    4- 
Carbonyl 
chloride. 

Zn(CII,), 

2iua 
ncttiide. 

—     ZnCl,    +     2C0CH.a 
2ino.               Acetyl 
chlorido.          chloride. 

COCH/^l     -f 

z„(rii,), 

=     ZnO       +     C{^^^^»^< 

Acetyl 
chloride. 

Zinc 
methide. 

Zinc.              Triniethyl 
oxide.         chlorom  ethane, 

Triniethyl- 
chlorumethaoG. 

Water. 

=   nci     +   c{''^'U.)» 

Trtmethyl 
eirbinol. 

I     When  aeetyl  cbloHde  is  used,  the  formation  of  trimelhyl«ehlorome(han# 
takes  jtlaue  by  a  very  BiinpU*  reaction.     In  the  case  of  carlKUiyl  chloride  il| 


•  MmUUrmtf,  '/«itiia»t\tl  Dit  Cfewft.  lanA  V>ms«u  V%^^^c«^  ifA,  TOa. 
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takes  place  by  two  stages,  the  first  of  which  is  the  prodaetion  of  acetyl 
chloride.  The  other  tertiary  alcohols,  to  be  noticed  hereafter,  are  obtained 
by  similar  series  of  reactions. 

The  properties  of  t-his,  and  of  the  other  tertiary  alcohols,  hare  not  been 
much  studied.  They  are  distinguished  from  the  primary  and  secondary 
alcohols  by  the  products  which  they  yield  with  oxidiziuR  agents.  Primary 
alcohols  of  the  series  C.  H^+^O,  oxidixing  with  chromic  acid,  yield,  as  already 
obseryed,  the  corresponding  acids,  C.  H^O,;  secondary  alcohols,  the  corre- 
sponding ketones.  Tertiary  alcohols,  on  the  other  hand,  are  split  up  by 
oxidation,  yielding  bodies  containing  a  smaller  number  of  carbon-atoms : 
thus,  trimethyl  carbinol  is  couTerted  by  oxidising  agents  into  fnrmio  a&d 
propionic  acids : 

C4Hh,0    +    0^    =    CH,0,    +     C,H,0,    +    OH, 
Trimethyl  Formic         Propionio 

oarbinoL  acid.  acid« 


QUINTTL  OB  AMTL  ALCOHOLS  AND  XTHIBS. 

The  formula  C^HipO  may  include  six  different  alcohols:  two  primary^ 
three  secondary,  and  one  tertiary,  Tiz. : 


Primary      C  • 


CHjCHjCHjCHi 
H 
H 
OH 
Butyl  carbinoL 


and 


C 


Secondary  C- 


CH.CH.CHm 
CH, 
H 
OH 

Methyl-propyl 
carbinol. 


C 


CH(CH.). 


OH 

Methyl-isopropyl 
carbinoL 


CH,CH(CH,), 
H 
H 
OH 
Isobutyl  carbinoL* 

CH-CH, 

CHjCH, 

H 

OH 

Diethyl 

earbinoL 


C 


rCHjCH, 

CH 
Tertiary       C-  ^u'        Dimethyl-ethyl  carbinoL 

[oh* 

Of  these,  howeTcr,  only  two  haye  been  distinguished  with  certainty,  tiz., 
a  primary  alcohol,  produced  by  fermentation,  and  a  secondary  alcohol  ob- 
tained from  the  corresponding  define,  namely,  quintene  or  amylene. 

Isobutyl  Carbinol,  CH,(C^Hy)OH.  — This,  according  to  Erlenmeyer,  is  the 
ordinary  amyl  alcohol  produced  by  fermentation.  In  the  manufacture  of 
brandy  from  com,  potatoes,  or  the  must  of  grapes,  the  ethyl  alcohol  is 
found  to  be  accompanied  by  an  acrid  oily  liquid  called  fuMelroil,  which  is 
very  difficult  to  separate  completely  from  the  ethyl  alcohol.  It  passes  over, 
however,  in  considerable  quantity  towards  the  end  of  the  distillation,  L.nd 
may  be  collected  apart,  washed  by  agitation  with  several  successive  por- 
tions of  water  to  free  it  from  ethyl  alcohol,  and  re-distilled.  The  liquid 
thus  obtained  consists  chiefly  of  amyl  alcohoL  sometimes  mixed  with  pro- 
pylic,  butylic,  and  other  alcohols.  The  amyl  alcohol  may  be  obtained  pure  by 
fractional  distillation,  the  portion  which  passes  over  between  128*^  and  132^ 
C.  (202^-270*'  P. )  being  collected  apaH.  Potato  fusel-oil  consists  alm<w.lN«V\Q\V5 
of  ethyl  and  amyl  alcohols,  the  latter  constituting  iVvc  grcatex  v\>iiwwV\V^ . 


•  The  tonr-earbon  nuUatI  derired  fimm  in«*thvl  by  •ali«tltatioii  ol  \»ov«>V1^^ 
of  bjdrogw  umj  b0  emlled  koqnmriyl  or  i«obat  JL 


Vit  wMb  «tooi 
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Amy}  ulcohol  is  an  oily»  colorless,  mohile  liquid,  Imvtiig 
to  il»iilf,  Atid  a  burning  Aorid   taste,     lis   vapor    when    :< 
coughing  aail  oppreti^iou  of  the  chest.     Its  specific  gravity 
dropped  on  papiT  it  forms  li  gveasy  staia*  wh)ch»  however,  diaappcit 
IL  while.     It  is  not  perceptibly  suluble  in  wiiler»  but  flimls   on  liiv 
of  that  lir]uid  like  an   oil;  commoa  &lcobol,  eilier,  and  TarioUA 
oils  dii^solve  it  readily. 

Amjl  iilcobol  usually  exerts  a  rotatory  action  on  polmriied  ligbi,  batt 
rotatory  power  varies  con^idernbly  in  different  aatnples.  Pasteur,  '  ' 
bng  shown  thiit  oniinary  aiuyl  alcubol  is  a  mixture  of  two  isomeric  i 
having  the  same  vapur-den^aity,  but  differing  m  their  opiieit]  prop 
one  of  tbem  turning  the  plane  of  polarization  to  the  right,  wbcr 
other  15  o|>ticaily  Inactive.  They  are  eepn rated  by  con verung  the  ( 
ainyl  alcnhul  into  amy Isulphuric  acid,  saturating  with  bjuriam  oarbootfi^' 
and  ery^tallixing  the  barium  amy  I  sulphate  thus  formed.  The  9alt  obiiiw 
from  the  active  amyl  alcohol  is  2^  more  soluble  than  tbkt  obtaiaetl  l^va 
the  inactive  tilcohol»  and  consequently  the  latter  crystAllixes  out  fimt;  tid 
by  precipitating  (be  barium  from  the  solution  of  either  salt  with  vttlptiiim 
acid,  and  distilUug  the  amyl^ulphuric  add  thiia  separated  w  jib  water,  tbt 
corresponding  amyl  alcohol  is  obtained.  The  difference  of  optical  ch«ncl<r 
between  the  two  alcohols  —  which  m  traceable  through  many  of  thdr  *1»* 
rtvaiivcs  — baa  not  been  saliBfactorily  explained;  but  it  probably  deproiii 
upon  the  arrangement  of  the  molecules,  rather  than  upon  that  of  iheatoiui 
within  the  molecule. 

Vapor  of  amyl  alcohol  passed  through  a  red-hot  tube,  yields  4  mixien 
of  ethene,  propenct  quarlenc,  and  quintene  or  amylene. 

Amyl  alcohol  takcB  fire  easily  and  burns  with  a  blue  flame.  When  ei- 
posed  to  the  air  in  contiiel  with  platinum  black,  it  is  oxidized  to  valeric 
acid,  C(|fl|oO,.  The  same  acid  i^  obtarued  by  heating  unyl  alcohol  with  a 
uiixturc  of  potiiisiurn  bichromate  and  aulphuric  and, 

cHj{Cjj,)on      -f      0,     =     on,      + 

Amyl  alcohol, 

Amyl  alcoboU  healed  to  220"^  C.  (42^"  F,)  with  a  mixture  of  pofas^tm 
hydrate  aud  timty  is  converted  into  valeric  acid,  with  evolution  of  bydl^gva; 

C,H,,0        -f        KIIO        =        C,H,KO,        -f         n^  I 

Amyl  ftl-  Polasaium 

cuhol.  vaJeraic* 

Potftnmtm  and  sodinm  dissolve  in  amyl  alcohol  a«i  in  eibyl  alcohol,  yield* 
ing  the  couipauud,  lljHjjKO,  and  CjlI,,N,iO,  which,  when  treated  with  amjll 
iudiile,  yield  itmi/i  ontU  or  ttm^l  Hhtr^  {*^'t}^ii)i^^i  ^^*^  ^*^^  ethyl  iodidd/l 
ethj/l-amt/l  oxidt,  {C^U^){C^U^^)0, 

Chlorine  acta  upon  amyl  alcohol  as  upon  ethyl  alcohol,  excepting  Ihmt 
filially  removes  only  four  atoms  of  hydrogen,  itiatead  of  five : 

Amyl  alcohol.  Chloraniylat, 

Amyl  alcohol  is  acted  upon  by  acids,  like  common  alcohol,  yieidirl 
elheirs.  Whi?n  mixed  wilh  strong  tu^Aaric  aaV/,  it  is  converted  into  aniyl^ 
eulphuriti  acid,  (CgHijlH^O^;  and,  ou  distilling  the  mixture,  amyl  oxiaf 
('^'il'ii)/^  passes  over,  together  with  aroylene,  and  several  other  hydro 
bonS' 

AMTLKTts,  Oil  QuiKTEWE.  C^H,^,  IS  likewise  obtained,  together  with  quin 
tane,  OjH,j,  and  higher  homologues  of  both  the.*?c  bodies,  by  difitilltfig  am) 
alcohol  with  xinc  chloride.     It  i«  a  oob>rless  liquid,  having  a  peculiar  aud:l 
0OJiicwiiat  utJ pie aatLid  odor *^  Wv\&  at  ^Ijp  ^ .  v.^I>*^ ^  V  ^^^  ^Uvm  «vt  ou  firt^ 


CO(C,H,)DIL 
Valeric  acid* 


^     alco 
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btirnH  with  a  brigliU  wry  smoky  flame,  —  Vapor  of  amylcne  ia  complc(cly 
I  absorbed  by  amimuuy  pentiicbloride  and  sulphuric  oiidc-  —  Strong  puI- 
1  pburic  acid  diBSolTcs  atiiykme,  when  the  two  ure  ahivken  up  together,  but 
I  the  hydrocarbon  soon  sepnrutea  as  tin  oily  luyer^  which  however  coufeista. 
Knot  of  amyletie,  but  ol  diamtjUnt  (pammf/ienc),  C,^Ifjo.  Amylenc  uuiies 
[-with  hydrotihloric,  hydrobroDjic*  atid  hydriodic  acid,  lormiug  coiupomida 
laonacrio  with  umyl  chloride^  kc. 

AuTL  Chloridk,  CjHjjOU  is  prepared  by  distilling  equal  weights  of  amyl 
alcohol  and  phosphoriiH  pcntachlorid©,  wayhing  Ibe  product  rcpeuti^dly 
with  alkaline  %valer,  and  rt'otifying  it  from  calcium  chloride.  Lens  pure  it 
I  may  be  obtained  by  jtaturaliug  amyl  alcotiol  with  hydrochloric  acid.  It  ia 
\m  colorless  liquidf  of  agroeablo  aromatic  odoTi  iufioiubl«  in  water,  and  neu* 
I tral  to  test' paper:  it  boils  at  102°  C*  (tiUP  F-),  and  ignites  readily,  burn- 
I  log  with  a  flame  green  at  the  edges.  By  the  long-continued  action  of  chlo* 
Ixioe,  aided  by  poiverful  miushinet  it  i»  converted  into  orfochlorutated  am^l 
t^hlQridn,  or  nonochlorvqumtunf,  CjH^Clj,  a  Tolatile,  colorlcHS  Ij^juid,  snieUing 
I  like  camphor:  the  whole  of  the  hydrogen  ha^  not  yet,  however,  been  r&- 
[  mo  Ted. 

AsttL  BttoMrDK,  C.n,|Br^  in  a  volatile,  colorless  liquid,  heavier  than 
J'water.  It  is  obtained  by  dislilling  amyl  alcohol^  bromine,  and  phosphoruH 
[logcLhcr.  (8ee  ethyl  bromide,  p.  52*i.)  Its  odor  is  penetrating  and  allia- 
l>e€ous.  The  bromide  la  decomposed  by  an  alcoholic  solution  of  potash;,  with 
l^producrion  of  the  alcohol  and  formation  of  potassium  bromide. 

Amtl  loDiDB,  fsH|,I,  is  procured  by  distilling  a  mixture  of  15  parts  of 
amyl  alcohol,  8  of  iodine,  and  1  of  phosphorus.  It  is  colorless  when  pure, 
heavier  than  water,  volatile  wilJiout  decomposition  at  140"  C.  (111^5  F.),  and 
in  other  respects  reaembles  the  bromide:  it  ia  psirtly  decomposed  by  ex- 
posure to  light.  Heated  to  200**  C.  (5ij4°  F  )  in  sealed  tubes,  with  zinc,  it 
yields  diamtfl^  ^m^^ir  ^^^  t^8^T,| .  C^H.^  a  colorless  ethereal  liquid,  boiling  at 
155**  C.  (3li°  P.),  and  isomeric,  or  jdentical  with  decane  (p.  474).  At  the 
same  time  there  is  formed  a  compound  of  xtnc  iodide  with  zinc  amylide, 
Znf€jjHj,).|.  which  is  decomposed  by  contact  with  water,  yielding  zlno  oxide 
anu  quintane  or  amyl  hydride  (p.  478); 

ZMCftlTi,),     +     OH,    =.    ZnO    +     2C,H,^ 

Amtl  Oxide,  (Cjnn).jO,  obtained  by  the  processes  already  mentioned, 
ifl  a  colorless  oily  liquid,  of  specific  gravity  of  0'77U°,  and  boiling  at  170". 

Amti.  StJiPHuaHj,  or  Sdlphamtlto  Acm,  frjH^|)H80^,  or  CjHjiOSOjH. — 
The  barium  salt  of  this  acid,  i05H||)^lia'''(8O^i, .  2  uq.,  prepared  like  the 
ethylsulphate  (p.  &!27),  crysiulliises  on  cvapc^niting  thesoluiion  in  small  bril- 
liant pearly  plates;  the  difference  of  solubility  of  ihe»ult^  prepared  from  op' 
tically  active  and  optically  inactive  amyl  alcohol  has  already  been  mentioned. 
The  biirium  may  be  precipifated  from  the  salt  by  dilute  sulphuric  acid,  and 
the  sulphamylic  acid  concentrated  by  spontaneous  evaporation  to  a  syrupy,  or 
even  crystalline  state:  it  has  an  acid  and  biller  taste,  stnmgly  reddens 
litmus-paper,  and  in  <lecompo#Jed  by  ebullition  into  amyl  alcohol  and  sul* 
phuric  acid.  The  potassium  salt  fonn**  groups  of  small  raibated  needles, 
very  soluble  in  water.  The  sulphamylates  of  calcium  and  lead  are  also  sol- 
uble and  cryslnlliiable, 

Amt/t  iutpk'hydraU,  CjH^RIT.  and  Amijl  nulphidf,  (r^n„)„S,  have  likewise 
been  obtained;  they  resemble  the  ethyl  compounds  in  their  properties  and 
reactions, 

Fmehoil  or  Orain-tpirii.  —  The  fusel  oil,  lepttTtileA  Vtl  \ikT^^  cs^%T*;vC\fe% 
t^om  graiQ'Spirli  bjr  the  London  rectifierB,  couaiaU  cViV^tL'j  ol  iwa^\  tJiiQ^^^ 
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mixed  with  ethyl  alcohol  and  water.  Sometimes  St  eoatains  la  addhioa 
more  or  less  of  the  ethyl-  or  amyl-compounds  of  certain  fatty  aeids  thought 
to  have  been  identified  with  ocnanthylic  and  palmitic  acids.  These  last- 
named  substances  form  the  principal  part  of  the  nearly  solid  fkt  prodaesd 
in  this  manner  in  whiskey  distilleries  conducted  on  the  old  plan.  Haider 
has  described,  under  the  name  of  corn-ail,  another  constituent  of  the  crude 
fusel-oil  of  Holland:  it  has  a  very  powerful  odor,  resembling  that  of  some 
of  the  umbelliferous  plants,  and  is  unaffected  by  solution  of  caustic  potash. 
According  to  Mr.  Rowney,  the  Aisel-oil  of  the  Scotch  distilleries  contains 
in  addition  a  certain  quantity  of  capric  acid,  C,qH,^0^  Amyl  alcohol,  in 
addition  to  butyl  alcohol,  has  been  separated  ftrom  the  spirit  distilled  tnuM 
beet-molasMeH,  and  from  artificial  grape-susar  made  by  the  aid  of  sulphu- 
ric acid.  Although  much  obscurity  yet  hangs  orer  the  history  of  these 
substances,  it  is  generally  supposed  that  they  are  products  of  the  fenncn- 
tat  ion  of  sugar,  and  have  an  origin  contemporaneous  with  that  of  < 
alcohoL 

H,C  CH, 

CH 

Kethyl-Uopropyl  oarhinol,  CH(CH,)[Cn(CH,)J'OH  =       I 

HGOH 


or  Aaylp 


L 


ene  hydrate,  (CjlI,o)'^  {  JJii •  —  This  is  a  secondary  alcohol  produced  firom 

aniyleue,  CgHjo,  by  combining  that  substance  with  hydriodic  acid,  and  de- 
composing thu  resulting  hydriodide,  CsHjo-HI,  with  moist  silver  oxide, 
whereby  silver  ioditic  and  aiiiylene  hydrate  are  obtained: 

2(C5lf,o.III)  -f- Ag/)  4-  H,0  =  2AgI  H-  2[C5H„,.H(OH)]. 

A  portion  of  the  hydriodide  is  at  the  same  time  resolved,  by  the  heat 
evolved  in  the  reaction,  into  hydriodic  acid  and  amyleuc ;  and,  on  submit- 
ting the  resulting  liquid  to  fractional  distillation,  the  amyleno  passes  over 
first,  and  then,  between  105°  and  108°  C.  (221°  and  226°  F.),  the  amylene 
hydrate  or  methyl-isopropyl  carbinol. 

This  alcohol  is  a  liquid  having  a  specific  gravity  of  0*829  at  0°.  and  a 
pungent  ethereal  odor,  quite  distinct  from  that  of  ordinary  amyl  alcohoL 
Heated  with  strong  sulphuric  add,  it  is  converted,  not  into  amylsulphuric 
acid,  hut  into  hydrocarbons  polymeric  with  amylene,  viz.,  diamylene,  or 
decene,  CjoHao*  *"^^  trianiylene,  or  quindecene,  CijHjo.  Hydriodic  acid  con- 
verts iU  at  ordinary  temperatures,  into  amylene  hydriodide,  C.H,o*^'« 
boiling  at  130°  C.  (200°  F.),  (amyl  iodide  at  140°  C.  [2%°  F.]).  Uydrochlorie 
aciVf  converts  it  (even  at  0°)  into  amylene  hydrochloride,  Cjlljo  HCl,  having 
a  boiling  point  10°  C.  (18°  F.)  below  that  of  amyl  chloride.  On  mixing  it 
with  two  atoms  of  bromine  at  a  very  low  temperature,  a  red  liquid  is  formed, 
which,  as  soon  as  it  attains  the  ordinary  temperature  of  the  air,  is  resolved 
into  water  and  amylene  bromide.  Heated  for  some  time  to  100°  G.  with  strong 
acetic  arid,  it  yields  amylene,  together  with  a  small  quantity  of  amylene 
acetate.  Sodium  dissolves  in  amylene  hydrote  with  evolution  of  hydrogen, 
forming  a  colorless  translucent  mass,  which  has  the  composition  rjHj^NaOU, 
and  is  decomposed  by  amylene  hydriodide  in  the  manner  shown  by  the 
equation: 

r,n,,NaOH   +   c^n.^Hi  =   c^n^o   +   C6H,oH(on)   +   NaL 

Sodium  com-  Amylene       Amyleno.  Amylene 

pound.  hydriodide.  Yv's^Vt^l^i. 

From  ihcae  reactions  it  is  appaTCui  iYiaV.  wsv^\wi<k  \i>i^T%XA  w  ts^^vxtsV 
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isopropyl  oarbinol  is  especially  distinguished  from  amyl  alcohol  or  butyl 
carbinol,  by  the  facility  with  which  it  giyes  up  the  corresponding  define. 
This  peculiarity  is  exhibited  also  by  all  the  secondary  alcohols  of  the  series. 
These  alcohols  indeed  may  be  regarded  as  connecting  links  between  the 
primary  monatomic  alcohols  and  the  secondary  alcohols,  or  glycols;  e.g.i 

C.H„(OH)  C.H„{H^  C,H„{g| 

Amyl  alcohoL  Amylene  Amylene  glyooL 

hydrate. 


8EXTTL,  OB  HSXTL,  ALCOHOLS  AND  ETHERS. 

The  number  of  possible  modifications  of  an  alcohol  increases  with  the 
number  of  carbon-atoms  in  its  molecular  formula.  Thus  we  have  seen  that 
there  may  be  two  propyl  alcohols,  CjHgO,  four  butyl  alcohols,  Qfiyfi,  and 
six  amyl  alcohols,  CgHj^O.  The  -six-carbon  formula,  CfH,40,  will  in  like 
manner  be  found  to  include  ten  isomeric  alcohols — three  primary,  four 
secondary,  and  three  tertiary ;  but  as  the  manner  in  which  these  modifica- 
tions arise  has  been  sufficiently  explained  in  the  preceding  pages,  the 
further  development  of  the  theoretical  formulsD  may  be  left  as  an  exercise 
for  the  student. 

The  number  of  modifications  of  the  six-carbon  alcohol  actually  known,  is 
five ;  of  which  two  are  primary,  one  is  secondary,  and  the  remaining  two 
are  tertiary. 

Primary  Hexyl  Aloohols. — The  normal  alcohol,  or  Amyl-carbmol,  CfH,, 

(OH),  or  C  •{  H,     ,  is  prepared  by  treating  sextane,  or  hexyl  hydride. 


CfH,4,  obtained  from  American  petroleum,  with  chlorine,  conyerting  the 
resulting  hexyl  chloride,  C,Hi,Cl,  into  hexyl  acetate,  C,Hi3(0C,H,0), 
by  treatment  with  siWer  acetate,  and  distilling  the  hexyl  acetate  with 
potash.  The  hexyl  alcohol  thus  prepared  boils  at  about  l&QP  C.  (Z02?  F.), 
and  smells  like  amyl  alcohol. 

Another  primary  hexyl  alcohol  was  found  by  Faget  in  fusel-oil.  The 
statements  respecting  it  are  not  yery  exact,  but  as  ii  is  produced  by 
fermentation,  it  is  probably  constituted  like   ordinary  amyl  alcohol,  and 


rCH,CH,CH(CH,), 


therefore  in  the  manner  represented  by  the  formula,  C  4 

(oh 

Both  these  alcohols,  when  oxidized  by  chromic  acid,  yield  caproic  acid, 

(  CH,CH(CH,), 
1  CH 
8eooiidar7HezylAlMhol,probably][ethyl-isobTit7loarbinol,C  An'  ' 

(  OH 

or  Hexylene  hydrate,  CeHi,/Jg.  — This  alcohol,  discovered  by  Wanklyn 

and  Erlenmeyer,*  is  produced  from  mannite,  a  saccharine  body  having  the 
composition  of  a  hexatomic  alcohol,  C,H,(OH),,  by  treating  that  substance 
with  a  large  excess  of  very  strong  hydriodio  acid,  whereby  it  is  converted 
into  secondary  hexyl  iodide,  or  hexylene  hydriodide,  C,H„.HI: 

C,H3(0H),    +     llHI     »     C,H,,HI     +     eOH,    +    61^, 

and  digesting  this  hjdriodide  with  silver  oxide  aikd  tv^I^t  \ 

Ct,ff,,HI    ^    Hfi    4-     Ag,0     »    2Agl     -V     ^%^x:^V^^^- 

•  Journal  of  the  Chemical  Society  ^1\,  I.  ^SCL. 
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It  18  a  Ttscid  liquid,  haviug  a  pleasani,  refreshing  odor;  botU  »t 
liaii  a  Bp.  gr.  of  O^m'il  at  0°,  0-8200  »t  lt>%  and  0-7482  ut  *J^^,  so  liiat  it  ft 
pand;}   Homewlint  rajiidlj^*  by  beat,     iitroug   bytirochloric   acid  ^onvrrU  i 
iulo   tbe  cor  responding   hydruchlondc,   rjU,^HCl,  which   boik  At  120*  Cj 
(-4b**  k\)t  and  yiMa  Ueiylene  Vfh^n  digtssted  at  ItKP  C,   wilii 
potash, 

Iloxylene  hydrate,  or  methyl-isobtityl  carbinol,  is  ooDvertcd  by  oxid 
with  pota»aiium  bicbrtimattt  and  eulphurio  acidi  lutO'  a  Jtetoiiif,  C^HJO  i 

C-j  CH^  ,  which  iloca  not  absorb  oxygen  from  tbo  lur;  bat,  wkei' 


f  Ctl, 

■        ftirtlier 


ftirtlier  treated  with  the  oxidizing  mixture  juat  mcnlioned,  yields  hot jriib  ^ 
acetic,  and  earhouio  acids,  and  water.     Thi»s«  reacliooa  show  thai 
cohot  in  qneMtion  Ia  a  secondary  alcohol. 

XerUax7  H«Jtyl  AlcohoU,^— Three  of  these  alcohoU  are  posaible,  i 

Methyl-diethyl  carbinol 


Propyl-dimclhyl  carbinol 


Isopropyl-dimelhyl  carbinol 


i  OH 

(oh. 


The  third  has  not  yet  been  obtained.     The  first  is  prepared  by  Ireatiag 
zinc  ethyl  with  aeetyl  tUltiride,   and  decomposing  the  resulting  meUiy^ 

diethyl-chlorethane^  C  \  (CjHj)^  with  water ;  the  second  by  proceediitg  tfi 


like  mannor  with  liao  methyl  and  butyryl  chloride,  C0(C2tlf)CL 

h 

m         Of  these  compounds  only  the  normal  primary  alcohol^  CfH|.(OH)| 
(  f.H„ 
Merirl  cttrbin&l^  ^i^h     »  ^  known  with  certain ty«     It  is  prepared*  eitbvr  I 

I  Oil  I 

by  the  action  of  nascent  hydropen  (evolved  by  the  actioQ  of  aodittm  anal* 
gam  on  water)  on  avnantbylic  aldehyde  (oenanihol): 


SEPTYU  OR  itRPTVU  ALCOHOLS  AND  ETUERS. 


CTI„0 
Aldehyde* 


4-       H, 


CJI»»0; 
AtcohoL 


or  from  fieplane  or  heptyl  hydride^  CjHj|,  in  the  same  manner  as  Eexjl 
alcfthol  from  heiyl  hydride  (p*  530),  It  is  a  colorless,  oily  liquid,  insolubli 
in  water;  but  its  propertias  are  not  murh  known. 

Another  h<»ptyl  alcohol  was  separated  by  Faget  from  fusel-oil;  and  t 
third  ha^  been  ssiid  by  several  ctK»nttsti«  to  be  obtained^  together  with  ootfl 
nlcnhdl,  by  distilling  ctisfur-oil  with  excess  of  pola.^h;  but,  according  to 
the  most  trustworthy  experiments,  there  la  but  one  alcohol  obtained  by  thii 
rocesSf  ?ii.,  aa  8-oarboi\  ako\ko\l 


J 
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Alcohols  haTtng  lh«  compoailion  C,HnO  are  obtained :  1.  From  th«  ootAne 
or  octyl  hydride  of  Americaa  petroleaiu,  by  the  seriea  of  proeeftaes  ttlre«Jy 
indicftted  in  tha  oaso  of  tit^xyl  akoboL  2.  By  tiistilUng  castor-oil  willi 
pi>tmsh.  TJiC  firat  is  nn  oily  liquid,  huTitig  n  ifpepilio  ^aTity  of  0  HiJH  at 
10^  und  boiling  at  1 80°-184''  C.  (;i5li''-;itia«  F. ).  lt»  structure  is  not  exactly 
knowQ,  but  it  cloBely  resemblea  the  alcoliol  obl&ioed  from  cttstor-oilf  both 
in  it«  physical  properties  itnd  in  ita  reacllonii. 

The  chloride,  CgH,^Cl,  obtuiiu'd  by  the  action  of  chlorine  on  octane,  la 
also  very  Biniiilar  in  ii8  properties  to  that  ohti&int>d  from  thu  alcohol  of 
oastor-oil  by  the  aotion  of  phospboryg  pfjuiachloriilo. 

Secondary  Oetjl  AIooIlqIi  or  Kethyl-h«xyl  €af  biaolf 

C^H^  H     II    11    H    H        ...Clfj 

CH,         or      H.C— C^— <L^— C— C  -:; ' 

till 
OHH    H    11  CHj 

This  alcohol  is  produced  by  heating  caiilor-oil  with  excess  of  solid  potaa- 
nhiiii  hydrate.  Castftr-oil  oonlains  ricinnleic  acid^  C19HJ4OJ;  and  this  acid^ 
when  heated  with  potn>iih,  yiclJa  free  hydrogen^  a  distillate  containing 
methjl-bexjl  carbinol,  together  with  productii  of  its  decomposition,  aod  js, 
residue  of  potassium  scbate: 

C„1I„0,    +     2K0II    =    C,TI„0    +    C„H„K,0. 

RiciDokio  Ocijl  Potiijssjum 

acid.  akohoL  aebate. 

To  separate  the  alcohol,  the  distilUle  is  repeatedly  rectified  over  fu»ed 
potash,  the  portion  boiling  below  ^iOO**  C.  (3U2^  F,)  only  being  collected: 
thi;*  liquid,  subjected  to  fmciiomil  distillation,  yields  a  portion  boiling  at 
181**^  which  is  the  pure  aecotidary  octyl  alcohol.  The  portions  of  the  orig- 
inal distillate  having  a  lower  boiling  point,  consist  of  olefines,  amongst 
which  ootylene,  CgFl,^,  boiling  at  125*^  C.  (357**  F. N  preponderates,* 

Mcthyl-hexyi  carbinnl  is  a  limpid  oily  liquid,  havitig  a  strong  aromatic 
odor^,  and  making  grease  spots  on  paper.  It  has  no  action  on  pohirtzed 
light.  It  has  a  specific  gravity  of  0823  at  17^  and  boils  at  181®  C.  (SfjS* 
F.J.  It  is  itisoluble  in  water,  hut  dipKolves  in  slcohol.  ether,  wo^vd-spirit, 
and  acetic  acid.  It  mixes  with  sulphuric  acid,  forming  octyl-sulphuric  add, 
CjFI|,IISO^,  generally  also  ootylene  and  neutral  ootyl-sulphate.  Fused  xino 
chloride  converts  it  into  octylenCt  With  potassiiim  and  sodium  it  yields 
Etib>jiituiion-pro»luct8. 

Metliyl-hexyl  carbiDoI^  oxidized  with  potassium  bichromate  and  sulphu- 
ric acid,  yields  the  corresponding  ketone,  tIi.,  methyl-CBnanlhol, 


+     "r 


(C0)"(C,H9)(CH,\  or  C 


ion 

Melhyl-heiyl 
carbinol. 


|cil/; 


thtia^ 


-f    0    =    OH,    +    C 


46 
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By  the  prolotig<^d  action  of  the  oxidixing  mixture,  this  ketone  i&  further 
oxidized  to  cuproic  and  acetic  acids: 

C,H„0     +     0,    -     C,H,jO,    -f    C,n,0,     4^     OHy 

Mettyl  Captoic  Acvuo 

oinjiiniifil.  acid,  ncid. 

Tbesp  rejictioMs  rHciw  lliat  the  Alcohol  produced  from  onstor^oil  is  «  si» 
ondary  alcohol ;  and  from  further  conaiderations,  for  which  we  musl  refer 
to  Stihorleiinncr'H  paper  above  cited,  il  i»  iiifoiTed  to  conlain  the  rndicat 
jBopropyi  that  is,  to  have  one  of  its  carbon*atoms  directly  conibiDcd  with 
three  others. 

CMtfl  ehlffHde,  Cgfl|.ri,  pro^hioerl  by  the  action  of  phosphorus  pentachlo- 
ride  on  the  akob<d»  bus  a  specifie  grnvily  of  0*892  at  18"  C.  (iM°  F,),  aud 
boils  at  I7r><»  C.  ('Ml°  K,).  Healed  with  alcoholic  potash,  it  yields  octene, 
C|H  .Q ;  by  alcohol  and  poia^sium  ucetale,  it  is  converted  into  ootcne  and 
octyl  acetate. 


Konyl  Alcohol,  Cgll^O,  or  Ootyl  Oarbliioli  ^  \  ^K     i  t^  obtihiiied  by  the 

seriflB  of  reactiona  abova  dcecribed  from  noTiane  or  rtonyl-hydride,  which 
ia  one  of  the  co^stitueiilH  of  AniericaQ  petroleuni,  and  likewise  occurs,  to- 
gether with  uonene,  Cgll^,*  tu  that  portion  of  ihc  liquid  obJained  by  diii- 
tilling  aniyl  alcohol  with  xiuc  chloride,  which  boiU  belweeu  134''  and  150* 
C-  (273^  and  di)'2°  F. ).  Nony!  aleohol  boils  at  about  2tH>«.  Nonyl  chloride* 
(\H|,Cl  has  A  specific  graviiy  of  0'^1»9  at  ltj°  i\  {(iO°  F. ),  and  boila  at  \%(^, 
The  alcohols  of  the  series.  C„Ha>-f  jO,  containing  from  10  to  16  carbon- 
atom^,  are  not  known,  but  com  pound  ethers  containing  12  and  II  carbon'- 
atoms  appear  to  occur  in  spermaceti. 

flexdecyl,  or  Cetyl  Alcohol,  C,|,fl5^0^C^FT3j(OH),  also  called  Ft^al,  ia  <y\ 
tained  from  aperoiacoii,  a  cry^uilhno  faUy  !<uhHtance  found  in  peculiar  emit 
ilies  in  the  bead  of  the  sperm  wb*iie  \  Pht/itftrr  marrf>ffphtihtw)^  This  PUB 
atance  con^ints  ot  erfi/l  palmitaU,  t'ajllt/lp  or  f'|flH;„0^  C'li'^ai'  ^^^  *'he 
heated  for  some  time  with  solhl  potaali,  va  resolved  into  potaissium  palmit 
and  cetyl  alcohol: 

The  celyl  alcohol  Is  diss§olved  out  from  the  ftised  rimsa  by  alcohol  and  ether^ 
and  purified  by  sevenil  crystallijiHtions  from  ether, 

Celyl  alcohol,  or  elhal,  ia  a  while  cryj*tollii»e  mass,  which  melU  at  about 
50°,  and  cryMnllize^  by  i^btw  cooling  in  tohiiiing  laminie.  It  has  neither 
laste  nor  BnielU  i^  int^oluble  in  wuter,  but  dissohea  in  all  proportion*!!  in 
alcohol  and  eiher.  When  heated  it  disiilfl  wilhout  deconipoi»«itiou.  With 
sodium  it  gives  off  hydrogen  and  yielils  hodiuni  celylote,  Oi^lI^^KO,  It  is 
not  di,H?iolved  by  iiqueons  alkalies;  but  when  heated  uilh  n  mixture  of  pot- 
ash and  lime,  it  gives  off  hydrogen,  and  is  converted  into  palmltlo  acid: 

C^ifj^O     -f     KOH     ==     C,(HjtO,K    -f     2Hr 

Distilled  with  phoBphorilS  pentachloride  it  yields  cei^l  chhndr,  frtH^n,  ft 

limpid  oily  liquid,  having  a  specific  gravity  *of  0  841^  at  12^  and  Jietilling 

with    parliul   dpcom  posit  ion   at   a   temperature   above   200^      Crttff  iadtdr, 

r^jHj^I,  obtained  by  treating  the  alcohol  with   iodine  and  pboaphorus,  i«  a 

solid  s»nbstance  which  melts  at  22°,  dipsotves  in  alcohol  and   etker.  and 

crystuUiics  from  alcohol  in  interlaced  lamime. 

.4r('oniing  to  HeinU,  cetjl  akolud,  or  ethal,  prepared  aa  above,  is  not 

a  dvfiniti'   compound,  but  a  mviiUwij   c\?  ftexAecsX  tfvcc^vftV,  v^^^\ ^^:s ^  with 

ffmali  ij  nun  titles  of  Ibr'-'*  -•h*^  a\colio\B  ot  i\i«  %&m^  i6<iV\t*,  'tK3\i\»A3i»ax'^T^ 
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vpeeliTelj  t2,  14,  and  18  atoms  of  earbtiti,  Lnasmuch  as^  when  fused  with 
potgaU-lime*  it  jieIJa  the  corresponding  fatty  acida  CaHaaOj* 

Cfrofirt. — Tbis  uleoliol  is  obtfthied  from  Chinese  wux  or  Pela>  n  secretion 
cnTeloping  the  branches  of  certain  trees  in  China,  and  snppoHod  lo  be  pro- 
dueed  by  tht^  punettire  of  nn  insect.  Tlile  wax  consiats  mainly  of  ecrpl 
ceroiaU^  *^fi^S5^*3  *  ^'r^sa*  *^"'^  '*  decomposed  by  fused  potash  in  ihc  same 
manner  a»  speruiaceiii  yielding  potadsiuiu  cerotate  imd  ceryl  alcohol; 

C„H„0,.C„Hi5    +    KOH    =    C„HaO,K    +    C„H^(OII). 

On  di^sitDf^  the  fused  mass  with  balling  water,  n  aolution  of  potassium 
Oe rotate  is  obtained,  liolding  ceryl  uleoliol  in  sonpension;  and  by  precipi* 
tattng  the  ccrotic  acid  with  barium  chloride  anrl  treating  the  reMulting  pre- 
cipitate with  alcobot,  the  ceryl  alcohol  dissolves,  and  niny  be  purified  by 
repeated  cryutalliiation  from  alcohol  or  ether.  It  then  forms  a  waxy  snb- 
itance,  melting  at  97°  tj.  {I0y\^  F*).  Healed  with  potash-lime,  it  gives  off 
hydrogen,  and  is  converted  into  potassium  eerotnte.  At  very  high  temper- 
atures it  diatila,  partly  undecompoaed,  partly  resolved  into  water  and  aro- 
tfftf^  0«fHu;  by  tKi?j  cbaracter  it  would  appear  to  be  related  to  the  secon- 
dary alcohols.    With  sulphuric  acid  in  excess,  il  forma  hydrated  ncuiral  ceryl 

Myricyl  Alcohol,  CjolI^jO  =  CjoHfi(OH).  —  Thi§  alcohol,  the  highest 
known  member  of  the  series,  Cp  H^ -|-./>,  i*  obtained  from  myricin,  the  por- 
tion of  common  hces'-wax  which  is  iosohible  in  boiling  alcohol,  Myricin 
oonsists  of  myricyl  palmitate,  Ci^nj,i>,j ,  C^ll„,j.  and  when  htuted  with 
potaAli  ia  decomposed  in  the  same  manner  as  spermaceti  and  Chinese  wax, 
yielding  potassium  palmitate  ami  myricyl  alcohol.  On  diPSolTimg  the  pro- 
duct in  water,  precipitating  with  barium  chloride,  eihansting  the  precipi- 
tate with  boiling  alcohol,  and  dissolving  the  ayb>tancc  deposited  from  the 
alcohol  in  miiierHl  naphtha,  pure  myricyl  tilcohol  separates  as  a  crystalline 
Biibstance,  having  a  silky  lustre.  When  healed,  it  partly  sublimes  unal- 
tered, and  is  partly  resolved  (like  ceryl  alcohol)  into  water  and  melene» 
CjoH  ^,  With  8l  r  0  ng  gulp  h  uric  ucid  it  y  i  eld  a  my  r  icy  I  sulphate.  H  ea  ( ed  w  i  t  b 
potash  limef  it  givea  olf  hydrogen,  and  is  converted  into  potasj§ium  melissate  ; 

C«H«0     +     KOII     =     C^llsgO.K     +     211,. 

The  mother-liquor  from  which  the  inyriejl  alcohol  has  crystallixed  out, 
»a  above  mentioned,  retains  a  small  quantity  of  an  isomeric  alcohol,  which 
melts  at  72**  C  {UVI^  F.),  and  when  treated  with  polaeb-lime  yields  an  add 
eontaiuiug  a  smuller  proportion  of  carbon. 


0,  Monatomifl  Alooholi,  C^lTj^O,  or  C.H^_jOH, 
Two  nlcoholsf  of  this  series  arc  known,  \H. : 

Vinyl  alcohol,  CjH;0  -^  C,^Xi^(OU). 
Ally  I  alcohol,  Cjll/i  :r^  t^H^fOH). 
The  fifHt,  discovered  by  neribelot*  in   W^K  h  produced  by  combiain^ 
Albino  or  acetylene  with  sulphuric  acifl.  and  «1istilling  the  product  witli 
water,  just  ag  in  the  preparntion  of  ethyl  alcohol  from  ethcnc: 
SO^riH  -f         t^ITj         ^  SO^^(C^R^^. 

Sulphuric  acid.  Elhinc*  T\tvyVau\^\\\w\<i  i 

•  Oomptas  nnodm,  I,  VH^ 
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sojTir.Ha)     +      "^^11      =      so  Jilt       -f       r,iJ,(OHi 

Vin^vi'»uU  Waler,  Sul|rhurt<s  Vmyl 

pliurit;  iicid.  acid,  mlcolioV 

It  is  iLQ  easily  decom potable  liquid,  liaTtng  a  liighly  pungent   odor, 
wlmt  more  volutlle  ihuu  water,  solubk  in  10  ro  15  p*rl«  of  tUat  liquid, | 
}irecipitiLti;il  froin  the  Holytiuu  by  polassium  carbonate.      Ita  chemical  n 
tiona  have  not  been  mucb  examined,  but  it  w  probabl^r  m.  tiecondarj  alrd 

reproscntcd  by  tlto  formula  ||  .     It  is  isomeric  wllb   Aoeiie  aide! 

vnoii 

and  efhyleiiG  oxide  (p.  484).  Tlie  uniiralent  radical  vinjl^  ^t^^  whidil 
be  supfjoscd  to  exist  in  it»  is  related  *o  ihe  iriviilcnt  radical  etnefijl  (p.  ** 
in  tlie  same  manner  m  ally  I  to  propenyl  (sec  below). 

CH, 


Allyl  Alcohol,  C,0„  =  CjHjlOH) 


-TliiBiklcohckl,  < 


I 


CHjOH 
by  Cahours  and   Ilofmann  ♦  in   T86G,  may  be  suppoted   ta   contain 
univalent  radical   allTl,    C*U.,    derived    from    a  saturated    bjdrvearb 
CH, 

.'H,  by  abstract  ion  of  one  atom  of  hydrogen,  and  isomerio  with  the  trifi- 


CH, 


lent  radical  propenyl,  (C^E^y^^,  derived  in  like  manner  from  the  biraleat 
—  Clij 

radical   propene,  — CII  ^  or  from   the  saturated  hydrocarbon   propane. 


CH,,  by  abstraction  of  three  atoms  of  hydrogen.    Allyl  and  propenylcom- 

CH, 

pounds^  indeedf  are  easily  converted  one  into  the  other  by  addition  or  lah- 
traction  of  two  atoms  of  a  tnonnd  element  or  radical. 

Ti>  obtttin  the  alcohol,  allyl  iodide  is  first  prepared  by  the  action  of  phot* 
pborus  tetriodide  on  propenyi  alcobol  (glycerin): 


2(C-ig^^^(on), 

Propenyi 
alcohol. 


+    p.!,    =    2C,H»I    +    2P(0HV,    +    V 

Allyl  Photup  borons 

iodide*  acid. 


The  alljl  iodide  is  next   decomposed  by  silver  oxalate,  yielding  allyl 
oxjilale: 


2C,H,I 

Allyl 
iodide. 


+ 


and   the  ally!  oxalate  is  decomposed  by  ammonia,  yielding  oxamidc  and 
allyl  alcohol: 


^H       and 


CO  Ag,        = 
bilver 
oxalate. 


2Agt 

Bilver 

iodide. 


+ 


oxalate. 


4 


-H 


2Nn,     = 

Ammonia. 


(CA)"(Nn,), 

Oxamide^ 


+        2C,H,(0H) 


•  Tbi\.TT«a^\«Sl,>\- 


Allyl 
aleohol 


i 
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llljl  alfloliail  IS  A  colorl^HS  llquiil,  haTin^  n  pungent  odor  and  a  npiriiuous 
Il}iirmng  laate.  It  mixes  in  all  propoHioim  wjlU  wftler,  common  ulcohol, 
[»nrj  ether;  boila  at  103*  C.  (217**  F,) ;  burua  with  a  brighter  tlanie  than 
,  common  iilcohtiL 

Ally!  iil<?obol  is  a  primnry  alcohol,  similar  in  all  its  ordinary  reactions  to 
[  «thyl  aleohoL  By  ojtiiJjition  in  contnct  witli  plutinum-blaok,  or  more 
I  quickly  by  truatmcnt  with  putasi^ium  bichromate  and  nulphuric  acid^  it  is 
'  convorttui  into  acrylic  aldehyde  (acrolein),  CjHgOt  and  acrylic  acid,  €,11^0^ 
I  €nni pounds  related  to  it  in  the  f*ame  manner  a:^  common  ald<?hy^de  and  ueetio 
[•bid  10  ethyl  jilcohol.  Heated  with  phosphtiric  oxide,  it  yields  allylenc, 
IC3II4-  With  poUissium  and  sodium  it  yiebHssubi^tilntion-produtiis.  iSlrong 
k«ulphuric  AOid  couverte  it  into  allyUBulpbnric  aM.  With  the  broniitieB  and 
luhlorides  of  phosphorus  it  yields  allyl  bromide^  C-HjBr,  and  allyl  chloridop 

Allyl  Bromides. -^Tho  monobromide,  C„HjBr,  prepared  as  just  men- 
tinned »  or  by  distilling  propene  broiiiiilet  C^UgLlr,,  with  alcoholic  potash,  is 
a  liqiii^l  of  sp.  gr,  1*17,  and  boiling  at  C2®  V.  (144^  F.).  A  tribromidt  of 
athji,  CjHjBr,,  is  obtained  by  adding  bromine  to  the  tnono-iodide  in  a  veasol 
surrounded  by  a  freezing  mixture.  It  is  a  liquid  of  Hp.  gr.  1-4^30  at  23*^  C. 
(7a^  F.),  boiling  at  21P  C.  (422^  F.),  and  solidifying  when  cooled  below 
1 10*'  C-  (')0°'  F,)»  It  is  isomeric  with  propimyl  bromide  or  tribrombydrin, 
"l^btained  by  the  action  of  pboaphorus  pentabromide  on  glycerin. 

A  dmii^l  titrabromitk,  CjHujBr^,  is  formed  by  the  direct  combination  of 
dmllyl  {p.  487)  with  bromine ;  it  is  a  crystallino  body,  melting  at  37**. 

Alltl  Iodidxs.  —  The  mono-iodide,  C^HJ,  oblained,  as  aboTO  described, 
by  distilling  glycerin  with  phoFpborus  letriodide,  is  a  liquid  of  sp.  gr. 
1-780  at  Ifi^C.  (f50^  F.),  ^nd  boiling  at  100°  C.  (820^  F.],  It  is  decom- 
posed by  sodium,  with  formation  of  diallyl,  <*all|o  By  the  action  of  zino 
or  mercury  nwl  hydrochloric  or  dilute  sulphuric  acid,  it  is  converted  into 
propone  (or  allyl  hydride) : 

2nci   — 


ZnCI,    +     ZnT,     +     2rji,. 
a  crystalline  hudj  obtained  by  dissolving 


DiaUifl  tetriodidf,  f^^Hj^jI^.   i 
iodine  in  ellallyl  at  a  gentle  heat. 

ALLTL-suLruuRic  AfTiD,  Sn^TIi  r^H.^)»  ia  produced  by  adding  allyl  nU'ohol 
to  strong  sutpb uric  neid.  Tlit^  solution,  diluted  unth  water  mid  neuiralized 
with  barium  carbonate,  yields  bariutn  aUylsiitphate,  (804)jBa'^(CjHJ,, 

Allyl  Oxtr>F.  (C^lT;J.^O,  \n  produced  by  the  acfion  of  ally  J  iodide  on 
potan!<iuin  ally  late  (ttie  gelatinous  mass  obtained  by  di  absolving  potassium 
in  allyl  alcohol): 

It  is  a  colorless  liquid,  boiling  at  82*^. 

Allvl  SiJLPBtnK.  fCjlTs^^S  — This  compound  exist^^  together  with  a 
BfniiU  quantity  of  allyl  oxide,  in  Tohiiilo  oil  of  gJirlic,  and  i»  formed  arti- 
^ficially  by  distilling  utiyl  iodide  with  potassium  monosulphide : 

2C,H^l        -f        K,S        ^        2IvI        -f         (C,H,),S. 

To  prepare  il    from   garlic,  the  .<?liced  bulbs  aro   diatilkd  %vttli  water,  and 
the  crude  oi!  thus  oblained  — which  ia  a  mixture  of  the  sulphides  tt.T\vV  v^Vvi^ 
of  allyl  —  is  ?tnbjectcd  to  the  action  of  melaWk  poVa?>*\\\TO^  Te^^«vJ^^A.ww^}^.^V 
t/w  «ii!phfdG  mtiy  in"  fdMaiued  pure  hy  rVaisliUivUon.     \u  V\i\ft  «X^V«i\\.^«i^T»* 
#6'  * 
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ft  colorless  liquid,  ligliter  than  water*  of  bigh  refracUTt?  power,  _ 
in  a  high  degree  ihL'  peculiar  odor  of  the  plnnt,  and  capable  ol  h&ag  ^^ 
tilled  u  jthimt  dccompositioii.  Alljl  Bul|ibidc,  dU^otr***]  with  atcokal  lad 
mixed  willi  aolutrous  of  platinum,  eilrer,  and  inoroury,  give*)  ri*H?  io  fTj>- 
lalliric  compoundsi,  cousii^ritig  of  u  doiiblo  sulphide  of  alljl  tukd  Uic  mtuX 
either  rIgik*  or  niixed  with  a  double  chloride. 

Volatile  oil  of  mustard  conaists   of  ailyl  sitlphocjaaalc,  C^H^ .  CNS.  aa-l 
will  be  described  in  connection  wiih  tho  siilphocyamo  ethera. 

ALLYL     SULPH-HYDRATI,    Of    AlLYL    MeHCAPTAX,    C^rf^    '    't  ^J 

distilling  iilljl  iodide  with  potastiium  !!ulph~h>dr»te,  ii»  a  ^  ..i, 

having  an  odor  like  that  of  garlic  oil.  hut  more  etherc;*.,  i"..i,t,^  .♦.  1»<F 
C.  (IM*'  F.).  It  attacks  mcruuric  oxide,  like  9lh^l  mer^saptaxi,  fofinlnf  tW 
compound  (CjH4}^,Hg'''. 


y.  MoiAtomio  Alcoholi,  V,  n,^_,0,  or  C^  H^_,OH, 

Only  ono  alcohol  of  this  scries  ia  at  preiont  known,  tIi.  : 

Camphol,  V^JR^fi     —      C,5H„(0H). 

Of  Ihii  compoiLod  there  are  aeveral  phjraical  inodificattons,  ditttjoguishtd 
from  one  another  by  their  action  on  polurixed  light. 

Oito  rariety,  called  Ilormot  or  Jiormeo  camphor^  is  obtained  from  Prfih 
bahtnoptt  cumphora^  being  found  in  cavities  of  the  Irunkaof  old  ir"<<-"f 'bal 
Bpccica,     It   haa  a  dextro-rutalory   power  =  34*4 ''^     A   aecou  .   a 

dextro-rotatory  power  of  44*9'^,  in  produced^  together  with  c*     ^  'd» 

by  tbo  action  of  alcoholic  polnsh  on   common  cnmphor,   lo  which  iade«i 
camphol  beara  the  same  relation  that  etbjl  alcohol  bears  to  aldehyde; 

2C,oH«0     +     Oil,    =    r„TTj,0     +     C^H,.0, 
Camphor.  Camphol.       Caniphic  aoid. 

A  third  variety,  possoMing  a  dextro-rotatory  power  of  4*&*,  is  obtatvc^ 
by  diMilling  amber  with  potaiih ;  and  a  fourth,  called  litro-eaMphoi,  which 
has  a  laivo-rolatory  po%ver  of  33  4°  (equal  and  opposite  to  that  of  bitrnvol), 
IS  ftiuQd  in  the  alcohol  produced  in  ibe  fermentation  of  sugar  Iniiit  uia4- 
dcr-rool. 

Dextro-rotatory  camphol,  both  natural  and  artificial,  forms  amall  tranti* 
parent,  colorless  cryatalfl,  apparently  having  the  form  of  regular  k«ia|!»» 
nul  |»rism:it  insoluble  in  water^  very  soluble  in  alcohol  and  ether.  It  meltl 
at  1!}B**  C.  (388°  F),  and  boils  at  2I2«C.  (414°  F. ),  distilling  without  altera- 
tion. Lujvo-rotalory  catnphol  forms  cryi^tallinc  taniiiiie,  or  a  white  powder, 
jipnringly  [soluble  ici  water,  easily  in  acetic  aoid,  alcohol,  and  ether.  Uoth 
varieties  smell  like  pepper  and  common  camphor. 

Camphol,  dis^itillvd  with  phosphoric  oxide^  gives  up  wnt'^r  '**-^  *  ;-.i,i-  g 
hydrocarbon,  <7\^H|4,  inomorjc  with  turpentine  oil.     When  ;« 

acid,  it  givei  off  two  atorai  of  hydrogen,  and  is  reduced  t<  .      I* 

ing  aldehyde,  vit.,  common  or  laurel  camphor,  C, (^11,(0,  which  is  dextr«-or 
lievfi-rotatory,  according  to  the  variety  of  camphol  used.  With  oth«r  aHd". 
camphol  hehnves  like  alcohols  in  gencrnl,  forming  ethers:  thu* 
hen  ted  in  a  sealed  tube  with  strong  hydrochloric  acid,  it  form«  ^ 
ch/orufi,  tj,^ll,7CI,  a  cry^tJilline  Imvo-rointory  itnbstance  iRomcric  wmi  uy 
drtwUlornii"  of  turpini\\ue  <>\\,  ^\^,\^^,  Ht'l  fp.  4W)*  With  benxuie  acid 
eam/rbul  rorius  eamphyl  6«!aoaic,  ChiW^Y^.^I^j^W^^ 
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^,  Xonatomie  Alooliolty  G^E^^,  or  C.H,^OH. 

These  alcohols  correspond  to  the  aromatic  hydrocarbons,  and  are  there* 
fore  called  aromaUe  aleohoU,  The  lowest  member  of  the  series  corresponds 
to  benxene,  and  therefore  contains  six  atoms  of  carbon.  Now,  the  consti- 
tutional formula  of  bensene  (p.  498)  shows  that  in  this  hydrocarbon  every 
carbon-atom  is  directly  combined  with  two  others.  Hence,  when  one  of 
the  hydrogen-atoms  in  benzene  is  replaced  by  hydrozyl,  the  resulting  alco- 
hol must  be  a  secondary  alcohol.  The  relation  of  this  alcohol,  called  |»Aeiioi, 
to  benzene,  is  shown  by  the  following  formulss : 


H— C— C— H 

H-ii-H 

H— C=C—H 
Benzene. 


H— C— C— OH 

H  J    C— H 

H— i=C-H 
Phenol. 


It  appears,  then,  that  there  can  be  no  primary  six-carbon  alcohol  of  the 
aromatic  series.  But  with  the  higher  alcohols  of  the  series  the  case  is  dif- 
ferent. For  in  any  homologue  of  benzene,  —  formed,  as  already  observed, 
by  replacing  one  or  more  of  the  hydrogen-atoms  in  that  body  with  an  alco- 
hol radical  of  the  series  C.H,.  4.,,  viz.,  methyl  and  its  homologues, — the 
substitution  of  hydroxyl  for  hydrogen  may  take  place  either  in  the  benzene 
molecule  itself,  or  in  the  methyl,  ethyl,  &c.,  attached  to  it ;  in  the  latter 
case  the  carbon-atom  united  with  hydroxyl  will  be  directly  combined  with 
only  one  other  atom  of  carbon,  so  that  a  primary  alcohol  will  result;  but 
in  the  former  case,  the  carbon  united  with  hydroxyl  will  still  be  combined 
also  with  two  other  atoms  of  carbon,  so  that  the  resulting  alcohol  will  be 
secondary;  thus, 


H— C— C— H 

i  'I  XT 

H— C    C— H 

H— C=C— CH, 
Methyl  benzene,  Or 
Toluene. 


H^C— C— H 

It     " 
H-^    C—H 

H— C.-=C— CHjOH 
Primary  alcohol. 


H— C— C— OH 

II     II 
H— C    C—H 

H— C=C— CH, 
Secondary  alcohoL 


In  the  higher  terms  of  the  series,  a  greater  number  of  isomeric  alcohols 
may  exist,  inasmuch  ns  each  of  the  isomeric  hydrocarbons  containing  a 
given  number  of  carbon-atoms  (p.  494)  may  furnish  a  primary  and  a 
secondary  monatomic  alcohol.  Thus  the  formulas  C,Hjo  include  sethyl  ben- 
zene, Of  ^((C^Hj),  and  dimethyl  benzene,  C8H4(CH3),,  to  each  of  which  there 
corresponds  a  primary  and  a  secondary  alcohol : 


H— C— C— H 

hJ  J-h 

H— C=C— CHjCH, 
Ethyl- ben  zone. 

H-^-C— nJ— H 

H— O     C-^^Hj 

S—C:=C—CHg 

Dimetbjl-benzene. 


H— C— C— H 

H— C=C— CH,CH.OH 
Primary  alcohoL 

H— C—C— H 

H-C    C— CH, 

H— C=C-XJH,OH 
Primary  alcohol. 


H— C— C— OH 

hJ  Lh 

H-C=C— CHjCH, 
Secondary  alcohoL 

H— C— C— OH 

H— H    C— CH^ 


AROMATIC   ALCOHOLS   AND   BTHKRS. 

The  canstiiaUon  of  the  primnrj  aromatic  alcohols  is  similar  to  tli 
the  alcohols  of  the   methyl   aeriea,  in   this   respect,  that   the    carboo-a 
combined  with  hjilroxyl  in  al!«o  directly  aeaociated  with  t^u  ainms  <^  1 
dri);rt*n;  and  acconliixgly  these  alcobob,  when   subjected   to   the 
oxidiiiug  ageut9,  easily  ^tve  up  these  two  atoma  of  hjdro^en  tu  ftse 
for  an  mom  of  oxygeUt  ^nJ   v^re  thereby  converted  into  aciciar  ike 
CHjOU,  being  converted  into  COO H,jti8i  «w  in  the  cotivereton  of  « 
alcohol,  CK/;H.0H,  into  acetic  acid,  CHjC^X^B.     But   in    ilte  eeecwlaiy 
nromatio  alcohoV  or  phenols,  the  carbon-atom  united  with   hydr 
its  three  other  unit5  of  equiTaleuce  aatiafied  by  comhinntion  %ritlf  I 
carbon-iitoms,  and  there  is  no  hydrogen   in  its  immediate   Dcigli 
t<>  ho  exchanged  for  oxygen:  hence,  these  aleobols  are   not    conre 
oxidation  into  adds  containing  the  wime  number  of  carbon-aioma. 

The  actually  known  alcohok  of  the  aromatic  series  arc  the  folio wiof; 

Primary, 
Benzyl  alcohol,        CgHj*  CH^OII 


eeeoarfaiy 

igid|H 

irefM  ^^1 


Xylyl  alcohol,  CJT^ .  Cn^On 

Cymyl  alcohol.        0,11^  .  CH^OH 

Sycoceryl  alcohol,  C„H^ .  €H,OH 


PhenoU       C.Hjbn 
CrcHol,         CeU,tCII,)OH 
ridorol.       CgHjC,UJOH 


{I'ldorol.       L\U^ 
Diuicibyl 
phenol,  C^ITji 


Thymol,      C^ 


jUcir),OH 


OH! 


The  secondnry  aromatic  alcohols  are  often  designated  by  the  geoe 
name  ^t  pht^mU;  thus  cresol  is  methyl-phenol,  pblorol  is  ethyl-phenol, 
There  are  also  diatomic  and  trl&tomio  pheaolsi  which  will  be  noticed  here- 
after. 


PRXMAKT  Alton ATIC  ALCODOLS. 


leiisyl  Alcohol,  T  n^0EzC,H,(DH}=an4,CH,0H:  al»o  called  Bmi'^^ 
ci/foAo/.*  — This  ulcotiol  is  produced:  1,  fty  the  action  of  alcoholic  poi**li 
on  benzoic  uldebyde  (bitter-almond  oil): 

2C,IJ,0        +        KOH        =        C,H,a        ^        CjRjO^ 

lien  JO  ic  Benzyl  Pota.4*ium 

aldehyde.  alcohoL  benxoate. 

2.  From  toluene.  C^Hg,  by  coiiToriitig  that  compound  into  ben ly I  cblort* 
CJI7CL  by  the  acUon  uf  ehloriue  at  high  tcmperaturea  (p,  4W>)^  and 
tilling  this  cbloride  with  pntai^h  : 

CyfT,Cl        ^         KOn         =         KCl         ^^         C^H^OH. 

3.  Tcgcthcr  with  other  products,  by  the  action  of  oaseent  hydrogen  01 
beucoic  or  hippuric  acid  {^ca  thos^c  acids). 

Benzyl  aleuhol  is  a  colorless,  strongly  refracting,  oily  liquid,  having' 
specific  gravity  of  I  051  at  11"  (1  (57®  F),  aud  boiling  at  2066^  C,{ 
FA.     It  is  insoluble  in  water,  hut  soluble  in  ftll  proportions  in  common 
coiiol,  ether,  acetic  acid,  mid  carbon  bisulphide.     By  oxygen  in  preH-m 
of  platinum  black,  or  by  niiric  aoid,  ii  Is  converted  into  benzoic  aldehydi 
by  aqueous  chromic  acid,  into  bcniok  acid: 

c^rfj,riLon      -f      o      =      oh,      ^^      c»nj,ron 

Benzyl  alcohol.  Bentuio  aldehyde. 

f\n,.cri,on      -f-      o.     ^      oh,      ^     c,H4,cn(ott) 

Bemyl  ahnibol.  '  Eenioie  aoi«L 

•   Oiuntr-atu,  A»n>  CU-  V\\ai«\.UwV\V.  Va»%  ^^-'tWi,  -wW,  Vw. 
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HcntiHl  Willi  borio  oxid&r  it  is  ooDTertod  into  6eiuy2  ^xidki  C,HfDCfIl»  or 

2C^H^(0H)  —  OH,  ^  (C,H,),0. 

SlTOtig  liydrochloric  ftci«l  conTcHs  it  into  hemt/l  ehli>ridd,  C,H,Cl  (p.  400)* 
Di^UUed  Willi  acelic  aoiil  antl  strong  sulphuric  aciil»  it  is  convcrttNl  into 
hm£ffl  arftaff,  C-f(l^(OLyj^O),  ik  liquid  Imving  un  odor  of  peara,  and  boiling 
at  210°  C.  (410  F.) 

Xylfl  Alcohol.  C^BipO  =  CJlJOn)=C^lJT.  Cn.QlI,  or  €Jl^{CJl)^.€U,Qn, 
also  called  TolHtflk  mcuhol. — The  furmaliori  uf  this  conipuurid  \»  exaclly 
nnfthigous  lo  Ujat  of  the  preceding,  viz.:  L  Tcjgelher  vvilh  loluic  ncid, 
(C^Hj,Oj),  by  tJiQ  action  of  alcoholie  poUish  on  toluic  ttldebydc,  (CsH„0). 
2*  By  dii^tUling  xjlyl  chloride  (p.  4(*8)  with  potttsh.  It  is)  a  white  crystnl- 
line  body,  %vliich  molts  belvveeti  58  5=*  and  ijU >S°  C,  (K^B°  jind  lAif  ¥.),  und 
boils  at  217^  C,  (422^  F.),     Nitric  acid  converts  it  into  toluic  nldehydo. 

Xylyl  chloride,  C^llyCl,  is  obtained,  us  already  observed,  by  the  action  of 
chlorine  on  xylene- vapor  at  hiyjh  t em perat tires;  and  this  chlorid©,  treated 
ivith  Bulph-bydrate  and  potassium  sulpblde,  yielda  xjiflyl  auij^h-fi^firate, 
C^I!^(Sl!),  and  ry/y/  sulphidtt  (Cj^lI^J^S. 

Cymyl  Alcohol  r,„H,40^CjJl,s((>H)  =  CaHjjri!jnn,  also  colled  Cum}tVie 
AUnhoi. — This  alcohal.  diwcovcred  by  Kraut^*  ia  produced  by  the  action 
of  tilcobolic  potai$li  on  cumioic  aldehyde: 

2C„H„0    4-    KOU    =    C„H„0,K    +    C,„n„0 
Cuminio  PotnsHiuni  Cyniyl 

aldehyde.  ouminate.  alcohol. 

It  is  n  colnrle?8  liqnid,  boiling  at  243'*  C.  (470*'  F.),  insoluble  in  water, 
Bolnblo  in  all  proportions  in  cotninon  iikohol  and  ether.  Nitric  acid  con- 
certs it  into  cummic  titid.  Moiled  with  alcoholic  potjuib,  it  is  converted  into 
2>o(a*iiium  cuminatt  and  ctfmrne  : 

8C,,H,,0     Jf     ^011    =    C,,H,iO,K 
Cyoiyl  Potas^sinm 

alcohol.  cnminaie. 


Cymene. 


20Hj 


Hydrochloric  acid  gas  converts  it  into  cj/mt/l  ehloridc,  Q^^^CL 

Sycoeeryl  Aicoliol,  r,Jf5^0=CiBn«(OH)=GII,7lI„.rH,OH.— Thia  com- 
ponndt  discovered  by  De  hi  line  jtntl  Miiller.f  is  firouiiced  by  the  action  of 
Alcoholic  soda  on  sycoceryl  acotate  (a  crjstftUine  subi^tancc  extracted  from 
the  Tcuiti  of  Fieuit  ruhti/mfum)^  and  purified  by  precipitation  with  water  or 
by  crysiiillization  from  common  alcohol.  It  forma  very  thin  orystals  re- 
sembling caffeine,  and  nieltiug  at  {H)°  to  a  Ui|uid  heavier  than  water.  It 
18  slowly  attacked  by  dilute  nitric  acid,  yieldinjf  a  cryslnHine  ma**3  ap- 
parently conflicting  of  a  mixture  of  *f/rortrtr  arid^  ^-^lyTTjj^Oj,  and  ntfrotf/cofrrie 
acid,  CigH^(N(K)Ojj.  Itoiled  Avith  dilute  aqiieoua  chromic  acid,  it  yields  thin 
prisms,  probably  of  Si/t:^}crrw  afdrhi/dft  Cu  11,^0,  With  acetyl  chloride,  it 
forms  cry  stall  ino  aycoceryl  aceiaU: 

CaO^OH    +    C.HjOCl    =    HCl    +    C,JI^OC,H,0 

Sycoceryl  Acetyl  Sycoceryl 

alcohol.  chloride.  acetate. 

With  benzoic  Jieid  it  yields,  in  like  manner,  rtfmcertft  htmoaft^  C^jHj^OC^IIjO, 
which  cryMtalliies  in  prinms  from  solution  in  benzene  or  clilorotonu. 

The  resin  of  Fi^*i4  nibt<;mana,  an  Australian  plant,  is  resolved  liy  treat* 
meBi  with  alcohol,  into  about  73  per  cent,  of  gyeuretin,  soluble  in  cold  alcohol, 


•  Ana.  Cb.  Pbarm.  Xdt.  60. 
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14  per  cent,  of  Pjcoceryl  acetate,  soluble  in  hot  alcohol,  and  18  pereent  of 
residue,  consiHting  of  caoutchouc,  sand,  and  fragments  of  bark.  Sjfwiua 
in  nn  amorphous  white  neutral  resin,  Tery  brittle  and  highlj  electric;  it 
melts  in  boiling  water  to  a  thick  liquid  which  floats  on  the  surface.  U 
dissolves  easily  in  alcohol,  ether,  chloroform,  and  oil  of  turpentine. 


SECONDARY  AROMATIC  ALCOHOLS;  PHXKOL8. 

Phenol,  CJlfi=C^llfiH.— Phenyl  alcohol,  Phenie  aeid.  Carbolic  mid,  00^4^ 
crcoMite. — This  compound  is  produced:  1.  By  the  action  of  nitrous  acid  ea 

auiliuc  (aniidobenxcnc) : 

C.Hj.XII.)     +    NO(On)    =    C,H,(OH)    +    OH,    +     N, 

Auilinc.  Nitrous  Phenol, 

acid. 

2.  By  the  dry  distillation  of  salicylic  acid: 

c,w.o,     =     CO,     +     c,n,o 

Salicyliu  Carbon  PhenoL 

acid.  dioxide. 

It  mny  be  conveniently  prepared  by  heating  crystallized  salieylie  acid 
stronjily  and  quickly  in  a  glass  retort,  either  alone  or  mixed  with  pounded 
glass  or  quicklime.  Plienol  thcu  passes  over  into  the  receiver,  and  crys- 
tallizcH  almost  to  the  lust.  <lrop. 

3.  Phenol  is  produced  in  the  dry  distillation  of  coal,  and  forms  the  chief 
constiiuout  of  tiic  acid  portion  of  coal-tar  oil:  this  is  the  source  from  which 
it  is  must  froqui'iitly  obtained.  Crude  coal-tar  oil  is  agitated  with  a  mix- 
ture of  .slaked  liuiu  and  water,  the  wliule  being  left  for  a  coustiderublc  time: 
the  aqueous  liquid  is  then  separated  from  the  undissolved  oil,  decomposed 
by  hydrochloric  acid,  and  the  oily  product  thus  obtained  is  purified  by 
cautious  distillation,  the  first  third  only  being  collected.  Or  the  coal-tar 
oil  ii  subjected  to  distillation  in  a  retort  furnislicd  with  a  thermometer,  and 
the  portion  which  passes  over  between  the  temperatures  of  100**  and  200®  C. 
(oOj^and  :->l)0°  F.)  is  collected  apart.  This  product  is  then  mixed  with  a  hot, 
strong  solution  of  caustic  potash,  and  lett  to  Htand,  whereby  a  whitish, 
somewhat  crystalline,  pa.Hty  niHHs  in  obtained,  which  by  the  action  of  water 
is  resolved  into  a  light  oily  li(|uid  and  a  dense  alkaline  solution.  The  latter 
is  withdrawn  by  a  siphon,  decomposed  by  hydrochloric  acid,  and  the  sepa- 
rated oil  purified  by  contact  with  calcium  chloride,  and  redistillation. 
Lastly,  it  is  exposed  to  a  low  temperature,  and  the  crystals  foi-mcd  are 
drained  from  the  mother-liquid  and  carefully  preserved  from  the  air. 

Pure  phenol  forms  long,  colorless,  prismatic  needles,  which  melt  at  35^0. 
(9'>°  F.)  to  an  oily  lit|uid,  boiling  at  180°  C.  (300°  F.),  and  greatly  resem- 
bling creosote*  in  many  particulars,  having  a  very  penetratiug  odor  and 
burning  taste,  and  attacking  the  skin  of  the  lips.  Its  Pp.  gr.  is  lOOo.  It 
is  slightly  soluble  in  water,  freely  in  alcohol  an<l  ether,  and  has  no  acid 
reaction  to  test-paper.  The  crystals  absorb  moisture  with  avidity,  and 
licpiefy.f  It  coagulates  albumen,  and  is  a  powerful  antiseptic,  preserving 
meat  and  other  animal  substances  from  decomposition,  and  even  removing 
the  fetid  odor  from  them  after  they  have  begun  to  putrefy.     It  haa  also 

•  A  con^ld^mWc  portion  of  the  rrooAote  of  conimerce  coiwlflts  of  phenol  or  carbolic  add, 
muri'  or  I«'»n  pure.  ,,     „ 

t  I'hvuul  prepansd  firoD  MUcylic  acid  is  much  Icm  deliqaeKent  than  that  obtained  ftom  coal- 
tar. 
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^Hbe«n  successfully  iiscil  by  Ur.  Ci-oukea  for  de»troymg  the  inf«etic»n  ^f  cattle 
^V'plAgue.  8ul|)bur  aod  ioiiino  di^jiolve  in  it;  uUric  ftLUil,  cliLorme,  And  bro- 
f  iiiitie  iiltaok  il  wilU  eneriryt  forming:  subslitutiou-prodiicts,  all  uf  wUich  are 
I  of  acid  diftnicter:  thus  with  ebloritie  it  forms  tUu  twu  uompounds,  C,|Ii^€ljU 
and   CqIIjI'IjO;     Atid    wiib    nitrio    ucid   the    tbr(5o    produotjj,   CJlg(^NU,jU, 

Willi  sulfthuritJ  acid,  pbeiiol  forms  xulphophmic  acid,  CjITgSO^,  or  CJTj 
080jHt  which  aassunies  a  sympy  Bttite  in  a  dry  vncuuim«  This  ncid  is  i*j  iv 
CiTtriin  exleiit  analogoiiu  in  eunipoGiiitiii  lo  elliylHul|dninc  acid,  and  foruia 
It  sokibli!!  barium  tMilt,  which  crystuJIizuii  from  ulcuLiol  in  miuulti  noedlea. 

Ph(*nol  dii(«olTet<  la  alkiiliL»M,  funning  Fulta  culled  jffttntitc*,  which,  how- 
ever, are  difficult  to  obtain  in  definite  form.  PoUurinm  phmatf,  CgH^KO, 
obtained  by  heating  phemd  with  pota^ijium,  or  with  fiolid  polaa^iuui  liy- 
drate^  cryatalUzca  in  iinp  white  tieedles.  On  heatinj?  this  poli*8»ium-com- 
pound  with  iodide  of  nicihyb  ethyl,  or  amyl,  double  ethers  aru  produced, 
Tix.,  mclhyl-pheoate,  or  anisob  ^'a^'sOCHj;  elliyl-phenate,  or  phi'nelol, 
CgFI^OCjjlIj,  and  amyl-phenate,  or  phenftniylob  r'jIljtJCjH,,*  These  bodies 
I  reeerable  the  mixed  ethera  of  the  ordinary  alcohoU  (p.  (tWj  in  composition 
I  And  mode  of  formation,  but  differ  p^reatly  from  them  in  their  behuviar  with 
sulphuric  and  uitrio  acids,  with  which  in  fact  (hey  behave  jiitiL  Eke  phenol 
itself,  forming  subslitution-products  posBCssiBg  acid  properliea, 

Mrthijl  phrnntf,  or  Amsol^  C^ll^^tl  —  C-H^OCHj,  is  ftlso  produced,  with  evo- 
lution of  carbon  dioKide,  by  Ihe  dry  distillation  of  methyl  ealicylate,  t'^Hj 
Oj  .  CHj,  ju*jt  a^  phetiol  i^  Qbt^med  from  siiUcyUc  tioid  tir  hydrogea  uabcy- 
late,  C,llj0.1l: 


Methyl 


CO,      +       c,H,tr.rH, 

Methyl 
salicylate.  phetia.te. 

In  the  same  manner  also  may  ethyl  phenatc  iind  amyl  phcnate  be  obtained 
from  the  corresponiling  ethei'fit  of  Hiilieylic  acid. 

Anisid  is  a  colorlesw,  very  mobile  Ikjtiid,  having  a  pleasant  aromatic  odor, 
a  specific  gravity  of  0'91ll  at  l^**  V.  [h\\^  F.),  an<l  boiling  without  dccompo- 
sition  at  Vyl°  V.  (;^<}i;*>  F.).  It  dissolves  coinpk-tely  in  strong  sulphuric 
acid»  forrnittg  nidphmiUoiic  tteid^  C-lIj^Sll^.  Fuinint^  nitric  acid  acts  strongly 
on  aijisol,  forming  three  substitution-products,  each  of  which  when  t.reated 
with  a,  reducing  agent,  such  as  ammonium  sulphide,  yields  a  corresponding 
bade  aiuido- com  pound  :  thus, 

Kitriiulsidine. 


i 


eji,(No,)0 

Nitranisol. 
DinitranisoL 
Trinitranisol^ 


C,1!,(SR,)^ 
Diuitrauisidina, 


Trinitratii}*idine. 

No  such  substitution -product  14  are  obtained  from  the  mixed  or  compound 
ethers  of  any  primary  alcohol. 

Phenol,  di»tillei|  with  phonphoms p^^Uachloridf,  yields  a  distillate  contain* 
ing  a  small  nuaiitity  of  phenyl  chloride  or  chloro- benzene,  fflllut'l  (p-  494), 
and  a  residue  containing  a  triphenyl  phosphate,  I'f^f^'fiHj^lj,  or  diphenyl 
phosphate,  r^^f^VlJj^ljH :  but  the  conditions  under  which  one  or  the  other 
of  theso  compounds  ig  formed  have  not  been  exactly  determined. 

With  bnuok  rUortdf,  phenol  yields  a  white,  fitsible  crystalline  compound 
OOiUiBtmg  of  phenyl  t)cnxoate,  or  beniyl  phenol; 

C-H,(Oii)    +    r.H.ori    ^   HCi    -f    c^jR^or^n^o 

PhcnoL  Benioio  Plienyl 

chloride,  \^%ixxcia.\.^^ 


5o2  ALCOH0L3  AXD  STHKB8. 

Ph(^nr«1.  h(Nir^*]  f'>r  &  long  ua«  wiiii  gmmciua  in  M&Ied  tubes,  is  CQBTcrt«4 
int'i  aniline.  l.'^ll.N. 

Chlorf,pitrn»jU. — Mono^rhlorophenol  h^s  noc  be«n  obias^ed. 

lMr.hh*ri,pluitO^  ttT  i'rJ*jr*.p''i^n^vC  tfrdl  C^H^l'ljO.  l*  pr«>iucctl   by  thlt  CCB- 

fiftran^<:!y  fe«'rilf-  action  of  cb:>>riDe  cd  pbenol.  bai  is  b«st  obCAiAcd  bv  ikf 
iivj  <li-ri[Urion  of  •liciil"r'^>al;';vlic  &c:-L  U  U  A  TolA&ile  oiL  iajolnblc  ii 
yki^xi'T,  f.ikniiy  fioIuMe  iu  alc-^LoI  or  ether. 

Tnfhlorr, phenol,  fit  OdorufhffitMif  aetd.  CJi^Clfi.  is  ibe  principal  prodvci 
of  r.he  net  ion  of  chliirine  on  pheQ>^l.  It  maT  b«  conrenienilj  prepared  frtw 
tiio<tf!  Tiorfion.'s  of  crmle  coal -oil  which  boil  between  1^2^  and  :!04°  C.  (3€QP 
bii'i  (UJ"'  F.^.  Thf;  o:l  lit  feaiurate<l  with  chlorine,  and  distilled  in  the  open 
air,  the  fir.-t  »»•!  la^t  fioriiuna  toeing  rejected :  and  the  product  U  again 
trt'utfr'l  uith  chli^riho  until  the  whole  9oli*iifie«.  The  crT«iaIs  are  drained 
an'l  •ii-''olv«'«l  ill  hor  'lilute  -oluti'jn  of  ammonia:  on  cooling,  the  sparingly 
••oiiiblf:  aiiiiiioniiiiu  ciiloroph<ruis:ite  crjatallixefl  oat.  This  is  dissolved  in 
jiriTK  water,  (leooruiHt-f"!  by  iiy<Jrochloric  acid,  washed,  and  lasilj  distilled. 

<'hlorophiini-<ic  aci<l  f^rrus  exceedingly  fine,  colorless,  silky  needles, 
w^ii^li  riK'U  when  gently  heated:  it  has  a  very  penetrating.  persi»tent,  and 
cliai-iicrerirttic  f^ior,  in  very  «|iuri9gly  soluble  in  water,  but  dis^olres  freely 
in  alcohol,  ctiier.  an<i  hot  concentrated  sulphuric  acid.  It  slowly  sublimes 
at  roifiiiion  ifiiiftiTariireK.  and  (ii!<txl9  with  ebullition  when  strongly  heated, 
li  forniM  wcll-defineil  (•alts,  the  gcnpral  formula  of  which  is  CflipUCljO. 
When  ireuted  in  alcoholic  Holiitirm  with  excels  of  chlorine,  it  is  cvnTcrted 
into  pentaciiloro|iheuol,  or  chlorophcnusic  acid,  C^HCl^O,  which  is  also 
cryMtJiHine. 

lifiini'iflnnoln  — TlircM*  broniophcnols  have  been  obtained,  vii..  r^lIjBrO 
find  ^'r}\i\^T}),  by  di«t illation  of  inoni»broniur*alicylic  and  dibr^>mo&alieyIie 
acid":  aiiii  < 'cTi^^ri^'  'O'  '^'^  uc(if>n  of  bromine  in  excess  on  phenol.  The 
firHf  if*  li<|ijid  ;   ibe  oihirr  two  arc  crystalline. 

hulnithfuutu,  i\\\.\K),  ^',,11,1/),  and  ^'glljljO,  arc  produced  by  the  action 
of  iodine-fdiloriile  on  piieiiol. 

Nitn,phitiitU. — Three  of  the-c  compound.''  are  known,  all  of  acid  character. 

MniunuintfiUmol^  r»r  \ttruphrna«ie  actrl^  *-»;^'','  N <>..)().  it>  obtained  by  distilling 
plienol  with  very  dilute  nitric  ncid,  in  be.'iiitifur  yellow  needles,  soluble  iu 
aniiiioiiiu  and  ]tota.Mli,  anrl  yieldinjr  a  beautiful  red  :<ilver  salt,  C£H4Ajr(N02tO. 

/Jinifrofi/n  nn/,  ur  Aitrojifii  nrxic  ac/V/,  CjIl^lNOjjjO,  may  be  prepared  directly 
from  the  oil  whirh  iM  employed  in  the  prepuratiou  of  mouunitrophenol. 
The  oil  in  earefully  mixed  in  a  larpre  open  ves.<iel  with  rather  more  than  its 
own  weij;ht  of  ordinary  nitric  acid.  The  action  is  very  violent.  The 
lirowhish  red  siiltMtaiice  produced  i.s  Mightly  wa»heil  with  water,  then  boiled 
with  dilute  aiiimoiiia.  ami  filtered  hot.  A  brown  mass  remaiiii*  on  the  filter, 
whieli  i.4  preNi'rved  lo  pre})Hre  triiiiiropheiiol,  ond  the  solution  deposits  on 
cooliii^r  II  very  im})iire ammtitiiacal  salt  of  iiitrophcne.><ic  acid,  which  requires 
H<*veral  HuceeKnive  crystallizations,  after  which  it  is  decomposed  by  nitric 
aeiil,  and  the  produet  is  crystallized  from  alcohol. 

Nitrophenesie  acid  forms  yrllow  pri»*matic  crystals,  very  sparingly  soluble 
even  in  boiling  wafer,  but  freely  soluble  in  alcohol.  It  has  no  odor.  Its 
faHle,  al  first  feeble,  beeomes  after  a  short  time  very  bitter.  It  melts  at  104®, 
lind  erystalliy.eH  on  cotdiii^.  In  very  small  (lunntity  it  may  be  distilled  with- 
out decomposition,  but  when  briskly  heated  il  often  detoiuites,  but  not  vio- 
lently. The  salts  of  this  acMil  are  yellow  or  orange,  and  very  beautiful; 
lliey  are  mostly  soluble  in  water,  and  detonate  feebly  when  heated. 

Tniiitniphrmtl,  or  SHri»ftfuui)*ir  at'til—  generally  calleil  Picric  ncid,  and  some- 
fiiiies  (\irfnizntic  avid — <'oH,Nj<),  ■  ('^Hai  NO-.^). — This  acid  may  be  eco- 
nomically ]ire]iared  from  impure  nitroplionesic  acid,  or  from  the  brown 
masH  insoluble  in  dilute  amiiionia  alreaily  referred  to.  It  is  purified  by  a 
proc'Cf4H  similar  to  thai  employed  iu  the  case  of  the  preceding  compound. 
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11  H  also  on<?  of  the  ultimate  producta  of  the  action  of  nitric  acid  upon 
imligo  and  nuiTierous  otUer  substances^  as  silk,  wool,  BCTertil  reeiufl,  espe- 
cially that,  of  A'fJftthorrata  hfistitis  (jollow  gum  of  Butany  Buy),  fluliein  and 
Borae  of  its  derivatives,  coimiarint  kc.  It  may  be  prepared  from  iadigo  by 
adding  tliaL  Butistance  in  coiirijc  powJcr,  and  by  Hmall  proportions,  to  10  ot 

12  times  its  weight  of  boiling  nitric  acid  of  sp*  gr*  !"4;i  When  the  last  of 
the  indigo  boa  been  added,  uud  the  action,  at  first  extremely  violent,  has 
become  moderate,  an  additional  quantity  of  nitric  acid  may  be  ponred  upon 
the  mixture,  and  the  boiling  kept  up  nniil  the  evolution  of  red  rumea  nearly 
ceases.  When  cold,  the  impure  picric  acid  obtained  may  be  rcmoTed,  con- 
verted info  potasftiara-6alt,  soTcral  times  recryHtallized,  and  las^tly,  decom- 
posed by  nitric  acid.  In  the  pore  state  it  forma  beautiful  pale-j'elloiv  scaly 
crystals*,  but  slightly  soluble  in  cold  water  and  of  ini*upporlably  bitter  taHte. 
Picric  acid  is  now  extensively  oscd  in  dyeing  yellow.  It  forma  a  series  of 
cryatalliiablc  salts  of  a  yellow  or  orange  color.  The  potassium  salt,  <%H,1C 
(HO-),Op  forms  brilliant  needles^  and  is  so  little  soluble  in  cold  water  that 
a  solulioo  of  picric  acid  in  occftsionally  used  as  a  precipitant  for  potassium. 
The  alkaline  salts  of  this  acid  explode  by  heat  with  extraordinary  violence. 

When  a  solution  of  picric  acid  is  distilled  with  calcium  hypochlorite,  or  a 
mixture  of  potassium  chlorate  and  hydrochloric  acid,  an  oily  liquid  of  * 
penetrating  odor  ts  obtained,  having  a  »p.  gr.  of  1'665,  and  boiling  belween 
IM^  and  115°  C,  (-237°  and  2a0«*  F).  This  eubstaiwe,  eMaropi^in,  has  the 
composition  CNO.jClj,  which  is  that  of  chloroftirm  (CHCl,).  having  the  hy- 
drogen replaced  by  nitryL  Mrofnopirrm,  CNt>^Br,,  \h  oblained  in  like  man- 
ner by  treating  picric  acid  with  calcium  hyp ubro mite. 

Crewjl,  VjEfl  "n*TI»(CH,l  .  OEI.  — This  eomponnd  exists,  together  with 
phenol,  in  the  so-called  coal-iar  creoi^ote,  and  is  separated  by  fractional 
diHt illation.  It  is  also  contained,  together  with  phenol  and  other  com- 
pounds,  in  the  (ar  of  pine-wood,  and  is  obtained  therefrom  by  treating  the 
oit  which  pas!*es  over  in  distillation  between  l-MF  and  220^  C.  (^(.)li^  and  408** 
F. ).  with  weak  soda-lye  to  separate  hydrocarbons,  supersaturating  the  alka- 
line liquid  with  sulphuric  acid,  and  repeating  the  treatment  with  soda-lye 
and  sulplmric  acid,  till  the  oil  becomes  perfectly  soluble  in  the  alkaline 
lii|uid.  The  oil  ihu^  obtained  Is  a  mixture  of  phenol  and  cresol,  which  are 
aeparated  by  fractional  distillation. 

Cresol  is  a  colorless,  strongly  refracting  liquid,  which  boils  at  203°  C, 
{897^  F, ),  It  is  slightly  soluble  in  water,  and  mixes  in  all  proportions  with 
alcohol  and  ether  U  reacts  with  potassium,  phosphorus  pentaehlonde, 
sulphtu'lc  acid,  and  nitric  acid,  in  the  same  manner  as  phenol,  forming 
analogously  constituted  compounds.  7Vimtr&ertaot„  or  Trinitrotrtttflic  acut, 
€j\l^{fiO.J/},  cryatalliiea  in  yellow  needles  like  picric  acid;  its  potassium* 
salt,  l^H^KiNOjljO,  in  orange- red  needles,  moderately  so  hi  hie  in  waicr, 

Crysol  18  isomuric  with  benzyl  alcohol  and  with  anisol:  the  difference  of 
constitution  of  these  throe  compounds  is  exhibited  in  the  following  dia- 


grams : 

H— C— C— H 

hJLh 

Benzyl  alcohol 


H— C--C— OH 

hJ?=C— Off, 

Cresol. 


H  —  C— '-O'— OCH, 

AniBol. 


Eght-carbon  Xylylic  Phenoli,  C^llj^jO,  ^This  formula  may  include 
fiecondary  alcohols,  isomeric  with  xylyl  alcohol,  Tiz.p 


Dimethyl-phenol 
Eibyl-pbcnol 
47 
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A  xylylic  phenol  i§  mentioned  by  Hugo  Miiller*  as  occurring  ui  i 
Thiii  is  probably  dimetbjl  pheuol,  musiuuch  as  products  obtained  bj  de> 
Btrucllre  ditililhaioii  have  biLliurlo  beeu  found  tocotituiti  only  luetbjt  deriT»- 
tiveH  of  benzene.  Tbe  portion  of  nloisol  (n  product  obtained  by  dblilliag 
Aloes  with  lime),  which  is  soluble  in  potash,  has.  according  to  RembolU«t 
the  composition  of  A  zylylid  pbenoU  luid  b,  perhapB,  ideatioml  wilJi  tint 
occiirritij^  in  coal-tar. 

Phhrol,  an  oily  liquid  obUined  by  the  dry  di^illation  of  the  birium  fill 
of  phlorctic  acid,  €^H,/>j,  bus  abo  the  composition  C,Hj<>0,  &nd  prob*bly 
Gonsiiiti]  of  etbyl-phenoL     Its  fonaation  is  represented  by  tbe  equAlion* 

c,H,A      =      CO,      +      c,n,.o. 

T'hlorol  id  b  colorle^***,  Rtrongly  refracting  oiV  baring  a  spec i fie  grmrily 
of  1  (KIT'I  at  12<»  C.  (54^  F.),  and^boiting  between  l9tJ^  and  *J(Xy>.  It  dia- 
8olve«  in  strong  sulphiirio  aeid,  forming  a  milpbo-acid  which  yielda  a  sidubU 
barium  wait.  With  rfdonne  it  forms  a  aiibBtilutJou-product*  It  reacte  Ti^>- 
kntly  with  strong  nitric  acid,  forming  the  compound^  C||U^(NO,),0. 

TDn-carbon  Phonoli. -^The  formula,  CnjHuO,  may  evidently  inclnde  a 
conHidcnible  numhi^r  of  phenola  isomeric  with  cymyl  alcohol  (p,  549); 
orjly  ono  of  iheae,  howevtr^  is  known,  viz. «  thymol,  and  even  of  this  th« 
exact  uon^tiiution  has  not  been  aBCcrt-ained« 

Thymol,  C|JIj^O*  is  a  crystalline  body,  occurring  (together  with  thymene, 
€,„U,j,  and  oymene,  Ciollj^  in  the  volatile  oil  of  thyme  {Thf/mut  vui^ari*}. 
It  MomctimcM  crystallizes  oiit  fipiintancoiiBlyt  and  may  in  all  cased  be  ifepa- 
rated  by  agitating  the  oil  with  8oda~soUitioii,  and  supersaturating  the  nlka* 
line  liquid  with  hydrochloric  acid.  It  is  also  obtained  from  the  volatile  oil 
of  borHc-mint  {Momtrda  punctata),  aud  from  that  of  an  East  Indian  umbelli- 
ferous plant  called  Ptifchotii  AJoivmu 

Thymol  erystailistes  in  transprireiit  rh omb old al  plates,  melting  at  ^^,  It 
has  a  mild  odor,  peppery  taste,  and  boiU  without  decom position  at  220'°  C. 
{428**  F.).  It  is  distingtiished  from  cymyl  alcohol  by  yielding  with  oxldii- 
jng  agents,  not  cuminic  acid,  but  tbymoil,  Cj^Htg^}  Wiih  sodium  it  fornifl 
the  compound,  C|^M,jNat>,  which  abjiorhs  carbon  dioxide,  forming  the  so- 
dium salt  of  thymotic  acid,  <^njri,40s,  or  C^IIj/LCO^  ^iTOT\%  »ulph uric  add 
converts  thymol  into  thyviyhidphurk  urid^  ^'^^\^0^.  AVirh  lirommf  in  sun- 
shine it  yields  pmtnbromothifmol,  Ci^llgBr^O;  and  with  chhrine^  (l'|^n,,Cl^O, 
or  Cj^fUjC^ljO,  according  as  the  reaction  takes  place  in  the  shade  or  in  »UJi-  ( 
tsbine;  buUi  these,  \\s  well  as  the  bromine-compound,  nrc  cryaiaUine.  * 

Tliere  are  two   mtro-thi/moLi,  i\^[{.jNO^)fi  and  f |plf,,(NO,),0,  obtained      ^ 
by  the  aciiori  of  nitric  acid  on  thymyt-sulpliuric  acid.    Both  form  potas^tua* 
ailtft,  which  crystaUiie  in  yellow  or  orange-yellow  necdlea.  ~ 


*.  Monatomio  Alcohol*,  rt^n^a^O,  or  C^Tl^^iOll), 

Two  only  of  these  bodies  are  known,  ▼!«,,  cinnyl  alcohol  and  cholestenn. 

Cinnyl  Alcohol.  Btyryl  Aleobol,  or  Btyrone.  f\ll,„0.  or  (%TI^OH,  h  obtained 
by  lipating  styriiciM  or  cinnyl  cinnnmate,  i'^llj(U<.'^lLO),  \i\  compound  con* 
taitied  in  Uifuid  storuic  aud  in  batsum  of  rerti.)  with  caustic  aikatieis.  It 
crystallizes  in  sott  f*ilky  needles,  having  a  swoet  titslo  and  an  odor  of  hya- 
cinths,  melting  at  ?*'>\°^  and  vo\a\\\u\ii^,  ^\iVvou\  dftt^i\\\'^c»*ltiqu.,  at  a  higher 

•  Ztiit*:iirin  fUr  Ch«mle,  \m,  v-  ^1,  \  *^™^  O..  V^>wwi^  ^xx»^^^Sfc. 
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temperature.  It  \a  moderatdj  soluble  in  water,  freely  in  alcohol  and  ether. 
By  oxi Jizing  agenta  it  is  converted  into  dnnomic  aldi-ht/fhj  V^Ufij  aod  cm- 
ntimic  arid,  CjHgUj»  being  related  to  ihoae  compounds  in  tlio  fttiine  manner  aji 
eihyl  alcohol  to  acetic  aldebvde  and  acctia  ucid.  With  fuming  gidphurie 
arid  it  forma  a  a ulph oxacid,  CgH]Q8U^  the  barlum-Balt  of  wiiicb  is  aoluble 
in  water. 

Choletterin,  CjjH^O  =1  CagB^fOHJ. — Tbia  subatance  is  fonnd  in  small 
qnanlity  in  viirious  parta  ot  the  auiiiml  sjideuiT  as  in  the  bile,  (he  brain 
and  nerves,  and  the  blood:  it  form»  the  chief  ingredient  of  Ifilian/  cakuU, 
froni  which  it  iu  easily  extracted  by  boiling  the  powdered  gull-stones  in 
alrong  alcohol,  and  filtering  the  solution  while  hot;  on  cooling,  the  choles- 
terin  crystallizes  in  brilliant  colorlesa  platcH.  It  is  a  fatty  aubatance,  in- 
soltiblc  in  water^  tasteless;  and  inodorous;  it  is  freely  soluble  in  boiling 
tspiril  and  in  ether,  and  cry^tallizeit  frotn  the  uleoholic  solution  lu  beautiful 
wbito  kminye  having  a  inother-of-pearl  luBtre.  It  raelts  at  137'*  C  {'27^J^  F,), 
and  sublimes  at  2(WP  C.  (392*  F.). 

Heated  with  strong  sulphuric  acid,  it  gives  up  water,  and  yields  a  res- 
inous hydrocarbont  Cj^H„.  Witb  nitric  acid  it  yields  cholegterio  acid, 
Cj^HjaOfi,  together  witb  other  products.  With  chlorine  and  bromine  it  forma 
§ubatitylion-prodiicts.  Heated  io  200**  witb  acetic,  butyric,  benzoic,  and 
stearic  acids,  it  forms  compound  ethers,  thus: 

C^H^iOlI)     +     C,,H^,0(OH)     =    C«ff..(OC,,H   0)     +     OH, 
Choleaterio.  ;5tcuric  Cholesteryl 

acid.  fitearate. 


CH/311 
CUjOH 


(C.HJ''(OH),; 


DIATOMIC  ALCOHOLS  A^D  ETHERd. 

The  diatomic  alcohols  are  derived  from  saturated  hydrocarbons  by  snb- 
stltution  of  two  equivalents  of  bydroiyl  for  two  atoms  of  hydrogen,  and 
may,  therefore,  bo  rogar<lod  nn  eompounrls  of  bivalent  alcohol  radicals  with 
two  equivalents  of  hydro xyL  ThuH  ethene  alcohol,  CjH^Oj,  may  bo  formii- 
l&ted  in  either  of  the  three  following  ways: 

fcrr, 
II 

Ql£ 
OH 

Ibe  first  of  wMeh  represents  it  as  a  denTaiiTe  of  methane,  CH^;  the  second 

ClI, 
as  ft  deriTfttiTe  of  etbane    I      ;  the  third  as  a  compound  of  ethene,  C^IL, 

with  hydroxyl;  or  tkn  derived  from  a  double  molecule  of  water,  Hj(OH)j, 
by  substituiioa  of  etiiene  for  two  atoms  of  hydrogen. 

Two  series  of  ihese  alcohols  are  known  j  the  first  derWed  from  the  par- 
ftffina,  tbe  second  from  the  aromatic  hydrocarbons, 

1.— Bialoraic  iUcoholi,  CH^+.O^  or  {C.Hfc)'^(OH)r 
The  alcohols  of  Ibis  series  are  designated  by  tbe  generic  name  of  y/f/* 
eoU.*     They  may  be  regarded  as  compounds  of  olefines  with  two  er|uivaleuta 
of  hydroxyL     The  following  arc  kuovvn  : 

*  TJiifl  ti^rm,  formtHt  frtmi  the  firM  riy[U\hlty  nf  fjJtfcnin  ^w\  \\\<!s  Vi»l  ot  a\tfil%i*,\x»\Vt».V«*  ^*-^ 
tb^  comptrntith  i»  which  it  in  ttpitUM  ary  liUcriaodlaiQ  bclwiMtiv  iVv«  •^w^c^a^c»^JasnOi^3^'^  v> 
cmUed^  Mad  ihv  glycerias  or  friAtomJc  alcohuU. 
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FonaaU.  BoiltaB  point. 

Ethene  alcohol .     .    .  C,H^O,  =  C,H4(0H),    197-6«»  C.  (888»  F.). 
Propcne  alcohol    .    .  C,1I,0,  =  C,HtCOH),    1880-18y»  C  (87d^-S72«»  PA 

^"^'"'roL'l^'i^''?'^  1880-1840C.  (861-.SW.F.). 

^^"'^roLl'^'^l^ic^  ^5H.(0H).  1770C.(8610F.). 

Octene  alcohol  .    .     .  C,H|gO,=  C,H,,(OH),  2S6'^"2WC.  {iSS^-AlWr.). 

Methene  alcohol,  CII,(OH)y  has  not  been  obtained. 

The  glycols  are  formed  by  the  following  processes: 

1.  By  combining  an  define  with  bromine ;  treating  the  resulting  dibro- 
mide  with  an  alcoholic  solution  of  potassium  acetate  or  with  sllrer  acetate, 
whereby  it  is  conrerted  into  a  diacetate  of  the  olefine ;  and  decomposing 
this  compound  with  solid  potassium  hydrate,  whereby  potassium  acetate 
and  a  diatomic  alcohol  are  formed,  the  latter  of  which  may  be  distilled  ofL 

CHjBr  CH,OCJI,0 

I  +    2AgOC,H,0     =  2AgBr    +      | 

CH,Br  CH,OC,U,0 

Ethene  bromide.  Silver  acetate.  Ethene  diao«tate. 

CH.OC.H.O  CH,OH 

I  +  2K0H      =       2K0C,IL0    +      I 

CH.OC,H,0  CH,OH 

Ethene  di-    Potassium  Potassium  Ethene 

acetate.         hydrate.  acetate.  alcohoL 

2.  By  treating  a  monochlorohydratc  corresponding  to  a  triatomic  alcohol 
(a  glycerin)  with  nascent  hydrogen  (cvoWed  from  water  by  sodium  amal- 
gam) ;  the  chlorine  is  then  replaced  by  hydrogen,  and  a  diatomic  alcohol 
results;  thus, 

(C,H,)'^'(0H),C1    +    HH    =     HCl    +     (C.H.)'(On), 
Propenyl  monochloro-  rropene 

hydrate.  alcohol. 

Properiiet, — ^The  glycols  are  colorless,  inodorous,  more  or  less  riseid 
liquids,  freely  soluble  in  water  and  alcohol;  ethene  alcohol  is  but  sparingly 
soluble  in  ether ;  the  rest  disitoWes  easily  in  that  liquid.  The  boiling  points 
of  ethene,  propene,  quartene,  and  quintene  glycols,  exhibit  the  singular 
anomaly  of  becoming  lower  as  the  molecular  weight  of  the  compound  in- 
creases (see  table,  abore) :  octene  glycol,  however,  exhibits  a  higher  boil- 
ing point.  ThiH  anomaly  probably  arises  from  difference  of  constitution  in 
the  successive  terms  of  the  series  at  present  known,  ethene  glycol  being  a 
primary  alcohol,  whereas  the  higher  numbers  may  be  secondary  or  tertiary 
alcohols.  Thus  the  ethene  and  propene  glycols  probably  differ  in  consti- 
tution in  the  manner  shown  by  the  following  formulas : 

Cn.OH  H.C  CII, 

1  V 

CH,OH  nocoH 

Ethene  Propene 

alcohol.  alcohol. 

The  reactions  of  the  higher  glycols  are  not  sufficiently  known  to  decide 
this  question  :  it  is  known,  however,  that  propene  alcohol  heated  with  hy- 
driodic  hcu\,  yields  isopropyl  iodide. 
The  oheniical  reactionB  of  lYie  g\yco\a  \i%i^^  \>fe^ii  ?Xw^\^  ^Ivletly  in  the 
emae  of  ethene  tloohoL    They  we,  tor  Cbe  mwx.  ijaxv,  twxwLXM  \a^  vv«f^^\S5i«. 
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monatomio  alcohols ;  bat  inasoiuch  as  the  glycols  contain  two  atoms  of  re- 
placeable hydrogen,  or  of  hjdroxyl,  the  reactions  generally  take  place  by 
two  stages,  yielding  two  series  of  products. 

1.  £thene  alcohol  treated  with  nitric  acid  gives  up  2  or  4  atoms  of  hydro- 
gen in  exchange  for  oxygen,  and  is  conrerted  into  glycoUie^  or  oxalic  add, 
according  as  the  action  takes  place  at  ordinary  or  at  higher  temperatures, 


CH,OH 

CH,OH 
Glycol. 


0,   = 


OH,    +     I 


CH,OH 


OfOH) 

GlycoUic 

acid. 

CH,OH  CO(OH) 

I  +    0,   =  20H,    +     I 
CH,OH  CO(OH) 

Ethene  Oxalic  aeid« 

alcohol. 

Under  certain  circumstances  the  corresponding  aldehydes  are  also  pro- 
COH 
duced,  as  glyoxal^  I       ,  from  ethene  alcohol,  by  removal  of  four  hydrogen- 

COH 
atoms  without  substitution. 
Ethene  alcohol  is  also  converted  into  oxalic  acid  by  ftision  wUhpoUuh: 


C.H.O. 

Ethene 
alcohol. 


2K0H        = 


C,0,K,        + 
Potassium 
oxalate. 


4H, 


Propene  glycol,  CgH^O,,  is  converted  into  lactic  acid,  CJilfi^  by  slow  oxida- 
tion in  contact  with  platinum  black.  When  heated  with  dilute  nitrio  acid 
it  yields  glycoUie  acid,  losing  carbon  as  well  as  hydrogen ;  and  concentrated 
nitric  acid  oxidizes  it  still  further  to  oxalic  acid. 

Quartene  glycol,  C4H.0O2,  is  converted  by  slow  oxidation  with  nitric  acid 
into  oxybutyric  acid^  ^^^%0^^  and  when  the  action  is  accelerated  by  heat, 
into  oxalic  acid,  Quintene  glycol,  CgHj^O^  likewise  yields  oxybutyric  acid  by 
slow  oxidation  with  dilute  nitric  acid. 

2.  Potassium  and  sodium  eliminate  one  or  two  atoms  of  hydrogen  from  the 
glycols,  and  form  substitution-products.  Ethene  alcohol  is  strongly  attacked 
by  sodium,  yielding  sodium  tthenate^  G.HgNaO,;  and  this  compound,  fused 
with  excess  of  sodium,  is  convertea  into  disodium  eihenatc,  C^H^Na^O,. 
These  compounds,  treated  with  monatomic  alcoholic  iodides,  yield  the 
alcoholic  etJiers  of  the  glycols ;  thus. 


CHjONa 

CHj0C|H| 

:h,oh 

Sodium 

+      C,H.I 

=      Nal    + 

CH,OH 
Ethyl 

Ethyl 

Sodium 

ethenate. 

iodide. 

iodide. 

ethenate. 

CHjONa  CH,OC,H, 

I  +  2C,HJ  =  2NaI      +      I 

CH,ONa  CH,OC,H, 

Disodium  Ethyl  Sodium  Diethyl 

ethenate.  iodide.        iodide.  ethenate. 

8.  Oxygen  acids,  heated  with  glycols  in  closed  teaa«\«,  ty^X  xt^qtl  ^^isl  v&. 
the  aame  mBaner  a8  upon  the  monatomio  a\c6Vio\a,  coivNeTWii^  Wi^xn.  voV.^ 
OAeread  salts  or  eampound  ethers,  mono-acid  or  di-ac\d,  accox^viitt.  ^^^  ^^  V*^* 
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portions  uB«d.    In  the  di-acid  glycol-ethen,  the  two  rftdleals  by  whieb  the 
hydrogen  is  replaced  may  belong  either  to  the  same  or  to  different  aeids; 


CH,OH 

CH,OH 
Ethene 
glycoL 

CH.OH 

CHjOn 
Ethene 
glycol. 


+      HOC,H,0     =      OH,     + 


Acetio 
acid. 

+    2H0C,H,0      =    20H,     + 


Acetio 
acid. 


CH.OH 

I  +      HOC^H.O 

CH,OC,H,0 
Ethene  Butyric 

mono-acetate.  acid. 


=     OH, 


CBfiU 

Ethene  mono- 
acetate. 

CH^,H,0 

GH,OC,H/> 
Ethene. 
di-aoetate. 


CH.OC,H^ 

Ethene 
butyracetate. 


The  haiotd  aeida  act  in  the  same  manner  as  oxygen-acids,  excepting  that 
the  reaction  never  goes  beyond  the  first  sUge ;  f.  ^., 


CHjGH 

CFIjOH 
Ethene 
alcohol. 


HCl 


=      OH,     + 


CVLfiX 

cMfin 

Ethene 
chloro-hydrate. 


The  bichlorinated,  bibrominated  ethers,  &c.,  resulting  from  the  substitn- 
tion  of  the  remaining  equivalent  of  hydroxyl  by  the  huloid  element,  may, 
however,  be  obtained  from  the  glycols  by  the  action  of  the  chlorides,  bro- 
mides, and  iodides  of  phosphorus;  e.  y., 


C.Il4(0H),    +        2PCI5      =      2PC1,0 
Ethene  Phosphorus      Phosphorus 


alcohol. 


pcnta- 
chloride. 


oxy- 
chloride. 


-f      2Ha      +       CjH^Cl, 
Hydrogen  Ethene 

chloride.  chloride. 


The  same  compounds  are  produced,  as  already  observed,  by  direct  combi- 
nation of  chlorine,  bromine,  and  iodine  with  the  olefines. 

Ethkne  Chloride,  C^H^CU  has  long  been  known  by  the  name  of  Dutch 
liquidy  having  been  discovcreu  by  four  Dutch  chemists  in  1795.  When  equal 
measures  of  ethene  gus  and  chlorine  are  mixed  over  water,  absorption  of 
the  mixture  takes  place,  and  a  yellowifih  oily  liquid  is  pro<luccd,  which 
collects  upon  the  surface  of  the  water,  and  ultimately  sinks  to  the  bottom 
in  drops.  It  may  be  easily  prepared,  in  quantity,  by  causing  the  two  gases 
to  combine  in  a  glass  globe,  having  a  narrow  neck  at  the  lower  part,  dip- 
ping into  a  small  bottle,  destined  to  receive  the  product.  The  two  gases 
are  conveyed  by  separate  tubes,  and  allowed  to  mix  in  the  globe,  the  ethene 
gas  being  kept  a  little  in  excess.  The  chlorine  should  be  washed  with 
water,  and  the  ethene  passed  through  strong  oil  of  vitriol,  to  remove  vapor 
of  ether:  the  presence  of  sulphurous  and  carbonic  acids  is  not  injurious. 
Combination  takes  place  very  rapidly,  and  the  liquid  product  trickles  down 
the  sides  of  the  globe  into  the  receiver.  When  a  consitlcrnble  qunntity  has 
be^n  collected,  it  is  agitated,  first  with  water,  and  afterward  with  concen- 
trated sulphuric  acid,  and,  lastly,  purified  by  distillation. 
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Pure  etbenc  chloride  is  n  thin,  colorizes  liquid,  of  agreeably  frngrant 
odort  and  sweeL  tiisti: :  it  is  Flightl^  aolublc  in  walcT»  and  readily  so  in  uleu- 
hol  and  etkcr.  It  is  Itcavier  tliuu  water,  and  boils  wbeu  heated  to  82 ^j^  C* 
(180°  F.);  it  is  uutiffcca^d  by  oil  of  Tiiriol,  or  BoHd 
potassium  hyJruic>.  When  inilamed.  It  burna  with  a 
greenish,  smoky  light.  When  treated  with  an  Alco- 
holic solution  of  potash,  it  ia  slowly  resoWed  into 
potjissium  chloride,  which  separates,  anil  an  exceed* 
ingly  volatile  substnnce,  containing  rjl!j,Cl,  whose 
Tapor  requires  to  be  cooled  down  to  — 18**  C.  (0'^  F.) 
before  it  coudensics.  At  this  temperature  it  forms  a 
limpid,  colorless  liquid.  Chlorine  is  ftbj*orbed  by  this 
lalier  substance,  ami  a  compound  is  pro<liiced,  which 
contains  CjHjClj:  this  ia  in  turn  decomposed  by  an 
alcoholic  solution  of  potash  into  potassium  chloride 
and  another  Tolatile  liquid,  C^H,j(M^.  This  series  of 
reactions  is  analogous  to  tbat  already  noticed  in  the 
case  of  the  bromine  compounds  (p,  405 J. 

PnonucTs  or  thib  Action  of  CittoniNB  on  Ethene 
C«Loait>B;  Chlorides  of  Cabbon.  ^Elhenc  chloride 
readily  abj^orbs  chlorine  gas,  and  yields  four  new 
compounds,  produced  by  the  abstraction  of  successive 
portions  of  hydrogen,  and  its  rephicement  hy  cquiv- 
Blent  quantities  of  chlorine.  Tbree  out  of  ilie  four 
are  volatile  liquids,  containing  respectively,  CjFljtJlj, 
CjlljCl^,  and  CjllClj;  the  fourth,  C./;ie,  in  which  the 
ftubiitiiuiion  of  chlorine  for  hydrogen   is  compleic,  is 

the  cUorifk  of  carbim  long  ago  obtained  by  Faraday  hy  putting  Dutch  liquid 
into  a  vessel  of  chlorine  gas,  and  exposing  it  to  sunshine* 
CCl, 

Carbon  trichloride,  C,Clg,  or  |  ,  the  chlorine  analogue  of  ethane,  C^E^, 
CCij 
ifl n  white,  crystalline  substance,  of  aromatic  odor,  insoluble  in  water,  but 
easily  dissolved  by  alcohol  and  ciher:  it  melts  at  16(1*  V.  (H'iO°  F.),  and 
boiljs  at  a  teiuperature  a  little  ahovc.  It  burns  with  difficulty,  and  ia  not 
altered  by  distillation  ^vith  aqueous  or  alcoholic  potasli. 

Its  vajjor*  puifised  through  a  red-hot  porcelain  tube  filled  with  fragments 
of  glas!^  or  rock-crystal,  is  deconiposed  into  free  chlorine,  and  the  dkhio- 
ridff  Cjt^I^,  analogous  lo  ethene.  This  substatiee  condenses  in  the  form  of 
a  volatile,  colorless  liquid,  which  has  a  density  of  1-55,  and  boils  at  12l>** 
C.  (:i48°  ¥,),  The  ilenmty  of  its  vapor  is  6-8:i  (referred  to  air).  When 
heated  to  2(K)**  C.  (3U2'*  F,)  with  potassium  bydrale,  it  is  completely  con- 
Terted  into  potassium  chloride  and  oxalate,  witb  evolution  of  hydrogen: 

C,C1,    +     CIvOH     :=     4KCI    +     C^KjO^     +     2OH3     +     H^ 

It  absorbs  chlorine  and  bromine  in  sunshine,  forming  in  the  one  case  the 
trichloride,  C/'l^,  and  on  the  other  the  chlorobromide,  CjCl^Br^  a  white 
ory:4tal]ine  body  resembling  the  trichloride. 

Carbon  monochloridf,  CjCL^,  analogous  to  ethine  or  acetylene,  is  obtained 
by  passing  the  vapor  of  chloroform  or  of  cnrbon-dichloride  through  a  red- 
hof  tube.  It  forma  white  needles  subliming  between  17o*and  *200°  C»  (347° 
and  ftO*J^F.). 

Cnrhnn  letrachloriftf^  CC1|*  may  also  be  descrjhed  in  this  place,  though  it 
belongs  to  another  series:,  being  the  chlorine  analogue  to  marsh-gns. 

It  is  formed  hy  puss* hi g  the  vapor  of  carhnn  bisulphide,  logclhcr  with 
chlorine,  through  a  red-hot  porcelain  tube.     A  mixture  of  fiulphiir  ckbixv^^ 
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and  corbon  tetrflclilnndc  U  formed,  which  i»  distilled  with  p 

the  chloride^  of  sulphur  is  dt'composfd,  and  pure  tetrachlon 

II  is  a  colorless  li<^uid  of  1*56  sp.  gr.,  and  boils  at  77*^  C    t  i-v*    * 

sntiic  cotiipoimd  is  foriued  by  exhausting  the  notion  of  chlorine  upim  martli 

gikd  or  ni«^(hy)  chloride  in  BunsihiTiie,     An  nlcohoUc  solution  of  potash  con^ 

Tcrta  this  compound  luto  il  mixture  of  potAsnium  chloride  und  carbonate, 

Etukxe  Dbomiiir  and  lotoiUK,  CJI^Br,  and  CjII^I,,  are  produced  bj. 
brill  1^1  n|^  olHiaiit  g&E  in  contAct  with  bruuiine  and  iodine.  The  bromide  i^ 
a  colorle^  liijuid,  of  agrceuljle  ethereal  odor,  and  has  a  dent*itjr  of  2*16€ 
it  boils  at  12D&°  C.  {2tJ6o  F.),  and  solidifies  when  cooled  to  near — 18*, 
The  iodide  is  a  colorlcas^  cryetalline,  volatile  subi^tance,  of  pcnetratin| 
odor:  it  melts  at  TU°  C«  (174^  F.),  Tesists  the  action  of  sulphuric  acid,  bat 
is  dec:ofi)p08ed  by  caustic:  potash. 

The  net  ion  of  broniiue  upon  ethenc  bromide  gjvt*?  rise  to  the  coropouni 
CjlIgBr^t  from  which  the  other  bromiue-t'ouipuundti  eorres^pundin^  lo  thi 
chlorine  bodies  abuye  mentioned  may  bo  ubtaiiitid  by  Lreatiueni  wii 
bromine. 

Kthene  bromide  acts  strongly  upon  an  uloohoUo  boIuIiqh  of  potassium 
tulph'hydriUr^  forming  efh*-tit^  sut/tft-hf/draff  or  rthrtie  mrretiptan^  CjH^(Sll)_ 
cohtrlcsa  oil,  which  is  parliftlly  decomposed  by  di»lillHlion»  and  yiehiei,  w 
lend  acetiile,  a  yello%v  precipitate  consisting  of  Cjn^SjPb.     With  />af<»j 
moHOAiilphide^  in  like  manner,  ethene  bromide  forms  elheuc  sulphide,  C^H 
which  crj'stallixes  in  white  prisma. 

The  haloid  ethers  corre^tponding  to  the  higher  glycols  are  similar  in  iheif 
rcactiona  to  those  of  cthene  alcohoL 

OxTGim  EtHKHB  or  THE  Glycols.  —  The  ethereal  salts  of  the  glyi 

(acelnle5,  butyralC8»  <fec. )  arc  decomposed  by  alkalies  in  (be  satne  niann< 
us  those  of  the  monatoniic  iileoboK  reproducing  the  alcohols  theniselT 
this  is,  in  fact,  the  general  mode  of  preparing  the  glycols  (p.  5oO).  I 
the  mono-acid  haloid  ethers  of  the  glycols  are  decompose^l  by  alkalies  in  a 
different  manner,  giving  up  ilic  elements  of  hydrochloric,  hydriodte,  or 
hydrobromic  acids,  and  leaving  an  oxide  of  the  diatomic  alcohot^radical; 
ihua, 

(C,Hj"ri(On)  4-  KG  IT  =  KCl  -h  OU,  ^  (C"yH,)"0  J 

Etheno  >^theno  I 

chloro-hydrate.  oxide.  * 

Eihm^  oxid*  is  laomeric  with  aldehyde  and  with  vinyl  alcohol  (p,  484>. 
It  is  a  transparent  colorless  liquid,  boiling  ai  \%  h^  C.  ('>6'^  F.,)  (aldehyde 
boils  at  2i^  i-'.  [T[)°  F  ]).  and  ml^ctble  in  all  propnriioua  with  water  and 
with  alcohol.  When  the  sujueous  solution  is  treated  with  sodium  amatifam^ 
in  a  vessel  surrounded  with  a  tVeezing  mixture,  the  ethene  oxide  takes  up 
hydrogen,  and  is  converted  into  ethyl  alcohol: 

C,H,0         +         H»        =        C,H.O. 

Ethcne  oxide  unites  with  nmmonia  in  several  proportions,  forming  thi 
following  basic  compounds,  all  of  which  arc  syrupy  liquids; 

Monoxethylenaraine        .        .         .         »        .  rjl^O.NII| 

Dioxethyk'uaiuiue  .....  (t\Ji^a),,NHj 

Trioxethylenamine (l\H^O|j.NII^ 

Tct  roxe  thy  Icn  amine (C,H^O)^,NHj|. 

This  character  diftlinguishes  etheno  oxide  from  aldehyde,  which  forms" 
with  ammonia  a  crystalline  eompourtd  not  po»<ie8sing  basic  proper  lies,     A 
further  distinction   between   these   two   isomeric   bodies   is,  ihnt  aldeliydv, 
fornifi  erysljtlliiie  compounds  with   the  acid  sulphiicil  of  the  alkaU-meti  * 
ftjpruperty  nut  possessed  by  ethenf  oxida« 


bui 
in^^H 

i 

i 


1 


DIATOMIC   ALCOHOLS   AND   BTHER3. 


Ethenc  oxide  is  a  powerful  base,  uniliDg  directly  with  arids^  procipitEifrng 
m»gneaia  from  a  aolution  of  magncaiitm  chloride  at  ordiunry  Unupertttures, 
and  ferric  oxide  and  alitmma  from  Lheir  Baliue  siolulions,  iir  1(XJ^  0.     Willi 

hydrochloric  acid,  it  forms  cthetie  ciitorobydrdle^  t^'1^^4)'''  "j  ( iirt  ftud  with 

(  I  if*  H  O 
acefic  acid,   ethene  acctohydraic,  or  Euonoacetate^   (^1^4^'' 1  Ol?    *   '     ^^ 

alac  umtes  with   watfr  in  eevertLl  proportions,  forming  glycol  aod  other 
compounds  to  be  noticed  immedintely. 

The  oxygen-ethers  of  ihc  higher  glycols  are  not  much  known;  but  they 
appear  to  be  less  disposed  to  combine  with  water  and  acida  in  proporLioa 
as  their  oioleoules  become  heavier;  thus  amyleiie  oxide  does  not  appear  to 
reproduce  amylene  ale u hoi  by  coitibinfttiou  with  water. 

Polyothenie  Alceholi. —These  arc  bodien  which  contaiti  the  elementa  of 
two  or  more  moleculea  of  eihene  oxide  combined  with  one  rnoleeule  of 
water,  and  may  bo  regarded  aa  formed  by  tbe  union  of  two  or  more  mole- 
cules of  glycol  (mono-etheoic  alcohol),  with  eliminauori  of  a  number  of 
water-molecules  leas  by  one  (ban  the  number  of  glycol  molccnleg  which 
enter  into  Gombinatioti;  or  as  derived  from  three  or  more  moleeulea  of 
water,  by  substitution  of  ethcne  for  the  whole  of  the  hydrogen  except  two 
atoms;   thus, 


CJlfi,  or  (C,IT)''H,0, 

Monethenic  alcohol 

(glycol), 

C4H,^0,or(C,IT,)'^,H,0, 
]>ietheDic  alcohol. 


r«n,,o^or(r,i!j"jir,n, 

Trie  the  nio  alcohol. 


c,n„o,or(r,n,)",TT,o, 

Tetrethenic  ulcohoL 


C,n,O.OH, 

jLtheae 

oxide. 

2C,n,0.0H,  = 

Kthene 

oxide. 


2c,Fi^o— on, 

Olycol. 


=  srji^o.oUg  —  aCjHjO-^soH, 

Ethene  OlycoL 
oxide. 

^    4r,H,O.OH3=z  4C,n,0— 30Ha 

Etheric  Glycol, 
oxide. 


Generally  — 

c^u,,+,o„+i  01-  (c,u,)"'„n,o„+i  =^  «r.^n,o.onj    =.  iiC,H.o-(r*— i)oh, 

w-etbcDic  alcohol.  Ethene  Glycob 

oxide. 

The  poljethenic  alcobola  are  formed;  L  By  heating  eihene  oxide  wilh 
water  in  sealed  (iibes.  In  ihiR  manner  Wurtx  obtained  dieihenic  alcohol 
together  with  monetheaic,  and  a  f*mnll  Quantiiy  of  tri-ethenic  ulcohoL  — 
2.  By  heating  etheiie  oxide  with  glycol  in  sealed  tubes:  this  proi^e:ss  yields 
Ibe  di-  and  tri-ethenic  alcohols,  —  A.  llv  beating  glycol  wiih  etheije  bro- 
mide in  sealed  tubes  to  Iti0°-r20*'  C.  (2r>-i;48^  h\).  The  first  products  of 
tbis  reaction  are  dictbenic  alcohol,  erhene  bromo- hydrate  and  water: 

3(C,n;r''Hj,0,  4-  CJI^Rra   =  (CJIJ'^lT,Oj  +  2(r  IIJ^'lirfOH)  +  OH,; 
Monetbonio  Eihene  biethcnic  Etnene  bromo- 

alcohol,  bromide.  alcohol.  hydrate, 

and  the  other  polyethenic  alcohols  are  formed,  each  from  the  one  next  be- 
low it  in  the  series,  by  the  action  of  ethene  brouio -hydra te»  according  to 
the  general  equation: 

(C,H,)".H,0.+,  +  (C,n,)"Br(OU)  =  (C,H,)",+,H^O.^^  J^  TS&t. 
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The  hydrobromic  ncid  Hiiis  formed  then  nct9  oo  the  excess  of  glycol  i>ri»iient, 
rc'pnHjncing  ft  bene  bronn.j-hjii'ilrnie,  tind  lliiis  tlie  nction  J»  coiuitiuod.  Bjr  1 
thi*  process,  (lie  --,  3-,  4-,  5-,  ntnl  fJ^ethenic  nlcobols  have  beeo  obtiiincd 
uud  jicpjirftted  by  fraistiorifil  dislillutiou ;  and  wLeri  a  sufficient  excels  of 
glycol  18  presont,  the  tempenilure  being  kept  between  110^  and  120**  C. 
(230^  auil  248°  F.),  still  liigher  nnjinbi-rs  <d"  thu  j+erka  are  produced.* 

Tho  polyiHlienit;  ttleuhols  are  Hyriipy  Ui|nids,  bccommg  more  Tiscid  ma 
theti'  pitdeculiir  weigbi  incrcuses:  their  boiling  point  rises  by  About  4^**  for 
eacli  wdtlition  of  CjH^U 

mrjhmk  akokot,  l^HioO,,  or  {Q.,\\^Y\^.Py  boila  at  about  246*  j  the  den- 
Bity  of  its  Tiipor  is  3-78  referred  to  uir  a^*  unity;  by  cjilcidation  it  should  I 
be  3*t}7,  «o  thfit  it  exhibits  the  normnl  euO'leripiition  to  two  volumes.  IJy 
couinot  with  pInfinum-blAck,  or  by  treiitnient  with  nitric  acid,  it  is  oxidized 
tn  dnjhfentUii'  ncni,  t\Hg()'^^  an  acid  isomeric  with  malic  acid^  and  formed 
fr*im  diethetiic  alcohol  by  substitution  of  O  for  H^,  just  its  glycollic  flcid» 
C^Hgtiji,  is  formed  from  monetlienic  ttkohol,  CjUgO. — Tritth^tic  alcohoi^ 
C^ll  i^ti^,  or  (C^[i^)^^3ll}0^,  la  oxidized  in  like  manner  to  ethtnt'diglycQUic  add^ 


2.— Difttomie  Phenoli.  C^W^^Oy 
There  are  five  known  compownds  included  in  tkis  general  formula,  ▼«♦: 

.        .        .  C,H,0, 
.        .        .  C,II,0, 


Oxy phenol  or  Pyrocfttechin 

Orcin  > 

Guatacul  (in  part)        f  '         '         *         * 

Creosol      \ 

Verutrol   / 

OxTphenoL  Oxyphsnio  Aeid,  or  PyrMatechin,  CJT^jO^  or  {V^U^Y^{0\T)p 
is  proilucud  by  hciiting  oxysalicylic  acid  lu  21U'='-212^  just  an  phenol  t« 
produced  from  ealieylic  acid: 


c,n,.o, 


CjTlA        =        CO,        + 


C.R/OHI 

Oxy  phenol. 


OxypftUcylic  ftcid.  OxyplitnoL 

also  by  Iho  action  of  alkalies  on  iodophenol: 

0^11^1(011)         +         KOH        :=        KI         ^- 
Iodophenol, 

It   is  like  wise  formed  hy  the  dry  distillation  of  cateeliin  (a  substance  ob- 
tained from  eatoehu),  of  morintttnnic  acid  (the  yellow  coloring  matter  of  J 
Morua  iinctorh)i  nml  of  wood,  whence  it  is  tound  in  wood  vioegar:  it  doevl 
not  occur  in  conl-lar.     It  i.«  a  white  crystalline  body,  which  melts  at  111** 
or  112**  r.  (2S(P-233®  F.),  and  volatili?*es   even  at  lower  temperatures.     It 
hflH  a  bitter  taste,  and  scarcely  reddens  liinius.     In  contact  with  hydro- 
chloric neid»  it   colors  tir-wood  violet.     It  difisolves  in  water,  alcohol,  andj 
ether*     The  aqueous  solution  forms  a  white  precipitate  with  Ituti  ncetate^  ^ 
and  colors /iTnr  xaifjf  iliirk*green.     Niirtc  ttdd  acts  upon   it  with  violence,  | 
formir^g  oxalic  acid  and  a  suiJill  quantity  of  a  yellow  nitrocouipotind,  prob- 
ably nitro-oxy phenol,     With   acetyl  rhloriih  it  forms  aceloxyjdienoU  Ojfl^  i 
(Cjlf^O)*),,  mid  with  hntzoyl  vhlonde^  henioxy phenol,  C^Ht^^^lIj^OjO,,  bolll  ' 
of  which  are  erystiilline  bodies, 

OreiMf  (\HgOj — This  sublet ance  appears  to  exist  ready  formed  in  all  tb# 
Mchea9  (Leonora  tartnrftit  HoecclU  linclonn^  Varwilafin  orcoio,  Ac),  wlilelt 

•  Itmrtnto^  Aim.  Cb.  l?h»rro.  cjnVV*fMtt. 
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ar©  used  for  Eh©  preparation  of  ftrcliil  mid  litmus;  and  i&  tho  Kcneral  pro- 
duct of  the  di*coru|ia!<ilioti  of  certain  aL-lda  eitraeti^d  frum  tUose  licbouis 
(oraeUifiic  acid,  erylliric  ocid,  &c  )  und<?r  ilip  iDfluence  of  heat  or  of  ulkrt- 
lies.  Orsellhiic  acid,  t'^^HgO^^  whcti  boile^l  witli  biiryla-water,  splits  up  iuto 
carbon  dioxide  and  Qu:hu  junt  ns  the  tiomologuuH  acid,  oxysalic^Uc  uoid, 
C^H^O^,  splits  up  into  carbon  dioxide  and  oxypUenol  (p.  5tj2) ; 

C,M/),        =        CO,        +        C,H,0, 

Hence  orcin  appi^ara  to  have  the  conMitulion  of  a  diatomic  phenol  To  ob- 
tain the  orcin,  the  excess  of  barjla  is  i^rceipttated  fruin  the  li<|uiti  by  car- 
bonic acid,  and  the  filtrate  evaporated  to  n  MUjaU  luilk.  It  lorins,  when 
purt%  large  sqtiarii  prjsm?'^  which  have  a  nlij^htlj  yellowieli  lint,  an  intenae 
giveet  taste,  and  a  high  degree  of  suluhility  both  in  water  and  aleohol 
Wben  heated,  it  bjees  water,  and  mella  to  u  .nyrupy  liquid^  whirh  liiiitils  im- 
changed.  The  erysttils  of  orcin  contain  C,H/Jj-01Jj.  It  forms  substitu- 
tion-products with  chlorine  and  bromine. 

Obce!?*. — When  ammonia  is  added  lo  ft  solution  of  orcin,  and  ihe  whole 
is  exponeil  to  the  air,  the  liquid  anaumcs  a  dark-red  or  purple  tint  by  !ib- 
Borptiofi  of  oxygen;  a  elighl  excess  of  ucetie  acid  tlien  cjiu>l>m  the  precipi- 
tation of  a  deep- fed  powder,  not  very  soluble  in  warer,  hut  freely  dissolved 
by  aujuionia  and  fixed  alkalies,  with  a  purple  or  violet  color.  This  powder 
is  an  aiolized  substance,  vrtrnt,  formed  from  the  elements  of  the  ammonia 
and  the  orein;  it  probably  constitutes  the  chief  ingredient  of  the  red  dye- 
Stuff  of  the  commercial  article!*  before  mentioned.  Orcein  probably  con- 
tains C^ll^Ntlg,  according  to  which  formula,  its  formation  from  orcin,  under 
the  joint  inliuence  of  oxygen  aud  ammonia^  may  be  represented  hy  the 
equation :  I 

C,HA     +    NHj    +    0,   =    C,n,NO,    +    20If^  | 

Ouaiacol  ami  CreoioL— Ouaiacum,  a  yellow  or  brown  resin  exuding  from 
ft  West  Indiiin  tree  [Uuaiacum  o^cinute),  yields  by  dry  dislillntion  an  oily 
liquid,  which,  when  washed  wiih  water  and  rectified  at  a  modernte  heat, 
gives  off,  first,  ffumac^n^,  Callatt,  nnd  after wurd  a  eolorlesis  oil  called  iptain- 
coi.  Tills  compound  has  a  Bpeoific  gravity  of  1  lUl  at  22**  C.  (72^  F. ),  and 
boils  at  21{P  C.  t41(F  F  ),  It  is  solubfe  in  alcohol,  slightly  soluble  in 
water,  ^'tfrir  utid  converts  it  into  oxalic  acid  and  a  brown  rewin,  Wiih 
chlorine  and  bromine  it  forms  substitution-produels.  It  dissolves  in  pohmh^ 
and  forms  crystalliiable  ?altH  with  other  bases,  Ouriiacol  is  not,  however, 
a  perfectly  diiinite  compound,  but  a  mixluro  in  varying  proportions  of  I  ho 
homohjgous  compounds  fV'ft'^j  '^'"^  *'»^^iu^^j  '^^'*^  lat(*r  eoinpound  likewiao 
existd  in  some  kinds  of  wood-creosote  :   hence  it  is  caUed  crfosol. 

CitmosoTi  on  Kueosote, — This  substance,  discovered  by  Keichenbach, 
is  contained  in  many  kinds  of  wood-tar,  but  most  abundnntly  in  I  he  lieavy 
oil  of  beech-tar,  as  obtained  from  the  wood-vinegar  nuikers.  It  is  extracted 
and  purified  by  a  series  of  procesj^es  simihir  to  tho>te  employed  for  llie  pre- 
paration of  phenol  or  carbolic  acid  from  coal-tar  (p.  550). 

ti'reosotc  is  a  colorless,  somewhat  viscid  oily  liquid,  of  great  refractive 
and  dispersive  power,  it  is  quite  neutral  to  test-paper;  has  a  penetrating 
and  nio}*t  peculiar  odor,  (hat,  namely,  of  smoked  meat,  and  a  pungent  and 
almost  insupporlabli»  taste  when  placed  even  in  very  small  qimntity  upon 
the  longue.  Its  deuidty  is  1037,  and  its  hoiling-point  abimt  20;i^  C. 
(J^f>7°  F  I-  It  tpikes  fire  with  difficulty,  and  then  burn;*  with  a  smoky  light, 
when  quilo  pure,  it  is  not  altered  by  cxpo-uro  lo  I  lie  air;  but  much  of  the 
creosote  of  commerce  grndtmlly  turns  brown  iindor  tKe.«,«  e\t<iMixu%W'wi^%, 
100  parts  of  cold  wafer  fiiko  up  about  \\  part  ot  eveowA^s;  »X  ^\v\^v  N.*sxsv- 
perature  mthi^r  more  in  dissolved,  and  lUt:  lioX  aoVuVvtiU  JiXiWi^iXxsk  ^^^x^:vs^ 
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en  cooling.  The  creosote  itiwslf  absorbs  walpr  aUo  to  n  conaiderable  eiienl. 
In  Aoetio  acid  it  d;i»itolvp9  iti  much  larger  quantity.  Alcuhu)  and  ether  mix 
with  creosote  in  all  proportiona.  Cotic(!ntj-tktiMl  sulphuric  acid«  by  the  aid 
of  bealf  blackens  and  destroys  it.  Caustic  pota.«ih  diit^cdvca  creosote  with 
g^real  facility,  and  forms  with  it  a  compound,  which  cryatallixc?  in  brilliaut 
pearly  Bcalcs,  and  consiHlj*,  according  to  HU^iwctXt*  of  pota«8tuni  creosolate, 
t.%HgK0,20Hj.  When  distilled  with  dilute  Bulphuric  acid,  it  yields  erentnl^ 
Cjll  iftOj.  By  trcal  ing  creosote  with  pota>siura  in  an  atmo?iphcre  of  hydrogen, 
and  crystatlixiufT  the  product  from  eiher^  an  acid  poiassium  creosolate  13 
obtained,  conaiatiug  of  C^HgKOj*  C|,H)qO^ 

niiiaiwetji  regards  beech-tar  creosote  as  an  elher  of  creosol,  repre»enled 
either  by  the  formula  CgH^RO^,  or  by  C^H^RO,.  CgBjoO^  in  which  R  denote* 
a  tnonatomic  alcohol-radical.  According  to  Friseh,^^  it  consists  mainly  of 
acid  phenylic  creosol*  ^^ifl^iCgHjlO^.  t\ny,t\  It  may  be  distinguished 
from  plienol  by  it^  behavior  to  ferric  chloride,  an  alcoholic  solution  of  ihat 
salt  producing  a  green  color  with  creosote  and  brown  with  phenol;  an 
aqucoti)^  Bolution  gives  no  color  with  creosote  and  a  blue  color  with  phenoL 
The  creosote  of  commerce  is,  however,  a  subfitanoe  of  very  variable  oonsti- 
tution«  much  of  it  being  nothing  but  impure  phenols  (comntonly  called 
coal-tar  creoxotf).  The  lar  of  pine- wood,  na  already  observed  {p.  0^3),  coo- 
Fipts  mainly  of  phenol  and  creoKoL 

The  most  characteristic  properly  of  wood-creosote  is  Us  extraordinary 
antiseptic  power,  which  appears  to  be  even  greater  than  that  of  phenol  A 
piece  of  meat  steeped  in  a  very  dilute  solution  of  creosote  dries  up  to  a 
mummy-like  substance,  but  absolutely  refuses  to  putrefy.  The  well-known 
efiicacy  of  impure  wood-vinegar  and  of  wood-ifmoke  in  preserving  provisions 
is  doubtless  to  be  attributed  to  the  creosote  which  they  contain.  Both 
creosote  and  pbeaal  arc  used  by  (he  dentist  for  relieving  toothache  arising 
from  putrefnctivc  decay  in  the  substance  of  the  tooth. 

Veratrol,  C|TT,„0„. — This  compound  U  obtained  by  di?^tilling  Tcratric  acid 
(an  acid  extnicred  from  the  seeds  of  Veratrum  SaharltUa)  with  excess  of 
baryta  at  a  gentle  hpal.  the  mode  of  formation  being  that  of  the  phenols  in 
general  from  the  corresponding  acids  of  the  series  CBllta— gO^* 

c,H,^o,      «      CO,      +      Cgn,,o^ 

Verairic  acid.  VcratroL 

Tcratrol  is  a  colorless  oil  haTing  an  agreeable  aromalic  odor»  and  specific 
gravity  108*]  at  1G«';  it  solidifies  at  15°  C.  {q9°  F.),  and  boils  at  202**-205^ 
C,  (Ililo^'-iOP  F-)-  Bromine  converts  it  into  dibromaveratrol,  C,H,BrJO^ 
which  forma  prismatic  crystals.  Nitric  acid  acts  strongly  upon  it,  forming 
mtrm^rratrol^  (\H^fNO.HX,  which  cry  stall  ixea  from  alcohol  in  yellow  laminae, 
and  dmt  fro  veratrol,  i\il^(^i\).pj,  which  crystalliies  in  yellow  needles,  melt* 
ing  at  ICMP,  and  then  volatilizing  without  decomposition. 

An! tie  Alcohol,  C^HiqO^ — Crude  anise  oil,  the  essential  oil  of  PimpintUa 
Anu^Hm^  conl^iui  a  cryBtalline  substance,  C|(jH,j(i,  called  anrthol  or  aniai 
tamphor.  This  substance  when  oxidized  with  nitric  acid  is  converted  into 
anisic  aldehyde,  C^H/>,,  which,  when  treated  with  alcoholic  potash,  lakes 
up  two  atoms  of  hydrogen  and  is  converted  into  anUic  alcohol^  ^i^'ta^^  ( jnsi 
as  benioio  aldehyde.  (-\lloO,  under  similar  circumstances  yields  bentyl 
alcohol,  iMiMt^;  p,  518),  Now  this  alcohol,  though  it  contains  two  atoms  of 
oxygen,  nevertheless  beharea,  not  like  a  diatomic,  but  like  a  monatomio 
ji/coijol,  jrjelding  only  one  scries  of  ethers.  The  so-called  anisic  alcohol 
uppeurs,  indeed,  U)  be  really  Uie  tii^t\i^\\A  ^V-Vs^^t  c^t  \.lvi&  diatomio  alcohol, 
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C'tHjO^  its  formula  being  C,Hj(0CU3)0H;  »o  tbiit  it  contains  only  one  atom 
of  replaceable  liydrogi'ii.  HyiJrochloric  acid  gas  converts  it  into  the  cor- 
reapondiiig  hydrocWoric  ctber,  CaH(C!(OHj,  or  C,Il6(0CU jCltUH). 


TRIATOKIQ  ALCOHOLS  AND  ETHEBS. 

Trial! omic  atcoboTn  may  be  derived  from  Kuturuteil  hydrociirbons  by  sub* 

ttitution  of  tiiree  etiiiivaWntfl  of  hydroxjl  for  three  atom«  of  hydrogen »  and 

Lmay  Accordingly  be  regiirded  n,^  compounds  of  Iriviilent  alcohol  radicals 

.  irith  three  equivalents  of  hydroxy  1»  or  as  compounds  derived  from  a  triide 

molecule  of  water,  by  subt^tiUitiou  of  a  trivmlent  mdiciil  for  throe  atomji  of 

I  hydrogen.     The  hydrocarbons  of  the  paraffin   Hories,  Cnlljn+y  should  ac- 

.  Cordingly  yield  a  aeriea  of  trialomiij  alcohols  of  the  form  (C,ilI^_j)''^(OH}jj 


Metbenyl  alcohol 
Ethonjl  alcohol  . 
Propenyl  aleohol 
Quartenyl  alcohol 
Quinlenyl  alcohol 


CH(OH), 

C.ll,(UH;, 
&G. 


^'Of  these,  however,  only  two  Ate  known,  Tit,,  pH>pmyl  akohot,  or  fflifetrin^ 
^»nd  quintenyi  alcohol^  or  trmjil  glycerin.  There  are  ali<o  two  or  three  liodiea 
^  which  may  be  regarded  n^i  triatomic  phenoUi  represented  by  the  general 
'formula  C„!J,n_gO,,  or  CnHj^^jfOH^). 

Each  Iriaiouiic  alcohol,  subjected  to  the  action  of  acids,  or  of  the  ehlo- 
ridi}«,  bromides,  or  iodides  of  pho?<phoru3,  may  yield  three  classes  of  ethers, 
derived  from  it  by  substitution  of  a  halogen  element,  or  acid  rudicul,  J'or 
part  or  the  whole  of  the  hydroxy  I;  thu«*  from  glycerin  may  be  obtained 
the  three  hydrochloric  ethers.  €-114^1(011 1,,  rjUjCl/JlI,  l^^ll^Cl,,  and  the 
three    acetic    ethers,    CglIj(OC,ll,0)^OH)^  i:^n^{iK\j\\p)pil,   and    CpHj 

Mcthenyl  Etheri.  ^ — Methenyl  akobol,  CHfOI!)^  has  not  been  obtained; 
but  ethers  are  known  which  may  be  derived  from  it,  by  sitbHtitution  of 
halogen  element-s  for  (he  three  equivalenta  of  hydroxy!,  nH(!lj,  for  example. 
These  compounds,  which  may  also  bo  directly  derived  from  nu'thane.  are 
Usually  distinguished  by  name*  ending  in  "form/*  to  denote  their  relation 
to  formic  acid,  iCl!j'''0(OlIj. 

Methenvl  Chlobidb  OB  Chloboform,  CHCI5.  —  This  compound  is  pro- 
duced: 1.  Together  with  methene  chloride,  CH,C1|,  when  a  mixture  of 
chlorine  and  gaseous  methyl  chloride  is  exposed  to  the  iiun*i!  rays,  — 2.  By 
the  action  of  alkalies  on  chloral  (p.  517): 

CJiCljO        +        KOH        »        CHClg        +        CnO,K 
Chloral  Cnloro-  Potaasjum 

form.  formate. 


8,  By  bailing  trichloracetjc  acid  with  aqueous  alkalies: 
-f       2K00       :=      CHCI3      + 


C,I1C1/I, 

Tricblor- 
Acelic  acid. 


:=       CHCI3 
Chloro- 
form. 


CO,K,      + 
Pota^gium 
c^rbouate. 


on. 


4,  By  the  mciioB  of  nascent  hydrogen  on  cturbon  l<slTft.c\\\«T\^x 
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5.  By  the  action  of  hjpoohlorites,  or  of  oMorine  in  presence  of  ftlkalies, 
on  various  organic  substances,  as  methyl,  ethyl,  and  amyl  alcohols,  acetie 
acid,  acetone,  &c.  The  reaction  is  complicated,  giTine  rise  to  seTeral  other 
products;  with  common  alcohol  and  calcium  hypochlorite  the  principal 
reaction  appears  to  be  — 

2C,n.O  +  6Cl,0,Ca  =  2CHC1,  +  2C0,Ca  +  2CaCl,  +  CaH.O,  +  40Hy 

Chloroform  is  prepared  on  the  large  scale  by  cautiously  distilling  together 
good  commercial  chloride  of  lime,  water,  and  alcohol.  The  whole  product 
distils  over  with  the  first  portions  of  water,  so  that  the  operation  may  be 
soon  interrupted  with  advantage.  The  chloroform,  which  constitutes  the 
oily  portion  of  the  distillate,  is  purified  by  agitation  with  water,  desicca- 
tion with  calcium  chloride,  and  distillation  in  a  water-bath. 

Chloroform  is  a  thin,  colorless  liquid  of  agreeable  ethereal  odor,  much 
resembling  that  of  Dutch  liquid,  and  of  a  sweetish  taste.  Its  density  is 
1-48,  and  it  boils  at  61<>  C.  {U2^  P.):  the  density  of  its  vapor  (compared 
with  air)  is  4*20.  Chloroform  is  difficult  to  kindle,  and  burns  with  a  green- 
ish flame.  It  is  nearly  insoluble  in  water,  and  is  not  affected  by  concen- 
trated sulphuric  acid.  When  boiled  with  aqueous  potash  in  a  dosed  tube, 
it  is  converted  into  potassium  chloride  and  formate : 

CHCl,        -f        4H0K        =      8KC1      +      CHO(OK)     +      20H, 
Chloroform.  Potassium  Potassium 

hydrate.  formate. 

Chloroform  is  well  known  for  its  remarkable  effects  upon  the  animal 
system,  in  producing  temporary  insensibility  to  pain  when  its  vapor  is 
inhaled. 

Bbonofobm,  CHBrg,  is  a  heavy,  volatile  liquid,  prepared  by  the  simul- 
taneous action  of  bromine  and  aqueous  alkalies  on  alcohol,  wood-spirit, 
and  acetone.  It  is  converted  by  caustic  potash  into  potassium  bromide 
and  formate. 

loDOFOBM,  CHIy  is  a  solid,  yellow,  crystallizable  substance,  easily  ob- 
tained by  adding  alcoholic  solution  of  potash  to  tincture  of  iodine,  avoiding 
excess,  evaporating  the  whole  to  dryness,  and  treating  the  residue  with 
water.  It  is  nearly  insoluble  in  water,  but  dissolves  in  alcohol,  and  is  de- 
composed by  alkalies  in  the  same  manner  as  the  preceding  compounds. 
Bromine  converts  it  into  bromiodofarmf  CHBrJ,  a  colorless  liquid  which 
solidifies  at  0^.  Iodoform  distilled  with  phosphorus  pentachloride  or  mer- 
curic chloride,  is  converted  into  ehloriodofonn,  CHCl^I,  a  colorless  liquid 
of  sp.  gr.  1'90,  which  does  not  solidify  at  any  temperature.  Nitroform^ 
CH(NO,),,  a  body  analogous  in  composition  to  the  methcnyl  ethers,  will  be 
considered  in  connection  with  the  cyanogen  compounds. 


Propenyl  Alcohol,  or  Olyoerin, 


rOH  I 

CI 


CH.OH 


C,H,0,        =        (C,H5)^^^J0H        or        CHOH 
lOH 

,0H 


CH,( 


This  compound  is  obtained  by  the  action  of  alkalies  on  natural  fats, 
which  are,  in  fact,  the  propenylic  ethers  of  certain  fatty  acids ;  thus 
stearin,  one  of  the  constituents  of  mutton  suet,  consists  of  propenyl  tri- 
ttearatf,  |r,H4)^^^(0Ci8n,5O),,  a  compound  derivable  from  glycerin  itself,  by 
Biibntitution  of  stearyl,  C^^H^^O,  for  hydrogen.      Now,  when  stearin  is 

boiled  with  t  caustic  alkali,  It  ia  cou^w^*^  ViAq  %  «Xft%x%\A  ^\  V^ss^fc  i22u&x- 

meM  mad  gl/oerin,  thus : 


-f  8K0n  =  SKaCiaTT^gO  -|- 
PolasMiuni 
Bit;  urate. 
A  aimilnr  reaction  taken  plivee  when  any  other  siinikrljr  conBtiluted  fat  is 
triiatetl  with  a  caustic  alkalL  The  meiitlllc  milts  of  the  fatty  acids  thus 
obtained  are  the  well-kuowti  bodies  callott  xoap»,  and  the  proccs»  ta  cnlled 
sapofii^eation ;  this  term,  originally  restricted  to  actunl  eoap-making.  haf* 
been  extended  to  all  case^  of  the  resolution  of  a  compound  ether  into  an 
acid  and  an  alcohol,  such,  for  exuroplc,  as  the  conversion  of  ethyl  acetato 
into  acetic  aoid  and  ethyl  akuhol  by  tlie  action  of  alcoholic  potash. 

Glycerin  was  originally  obtained  hy  hejiting  together  olive  or  other  anit- 
able  oil,  lead  oxides  and  water,  as  in  the  manuracture  of  common  Itad-pianier ; 
an  insoluble  soap  of  lead  in  thereby  formed,  while  the  glycerin  remains  in 
the  aqucoiia  liquid.  The  latter  is  treated  with  snlpbiiretled  hydrogen, 
digested  wiih  animal  charcoal,  filtered  and  evaporated  m  a  vacuum  at  the 
ietuperature  of  the  air.  Glycerin  is  now  produced  in  very  large  quantity 
and  perfect  purity  in  the  decomposition  of  fatty  substtiuces  by  means  of 
OTerheated  steam,  a  process  which  Mr.  George  Wilson  has  lately  iotrodueed 
into  the  manufacture  of  candle«i.*  In  this  reaction  a  fatly  acid  and 
glycerin  are  produced  by  as^milation  of  the  elements  of  water;  they  are 
carried  over  by  the  excess  of^leam  in  a  Btate  of  mechanical  mixture,  which 
rapidly  separates  into  two  layers  in  the  receiver.  The  reaction  is  exactly 
fliinilar  to  that  which  takes  place  when  a  caustic  alkali  is  used  to  effect  iha 
B*pomfioation»  e,  g, ; 

)C„H,.0    +    C,n,(OH), 
Stearic  acid.  Glycerin. 

Glycerin  may  also  be  produced  from  propenyl  bromide,  (C^HjK^^Brg,  a 
compound  formed,  as  already  observed*  by  the  action  of  bromine  on  allyl 
iodide,  C^Hjl.  The  process  consists  in  converting  the  propenyl-bromidc 
into  propenyl  triaeetato,  (CjH6)''''(*^*'a^/-*)s'  by  the  action  of  eilver  acetate, 
and  decomposing  thi#  cdiupouiid  ciher  with  potaj^h. 

This  mode  of  formation  uiust  not,  however,  be  regarded  as  an  actual 
gyntbesis  of  glycerin  from  compounds  of  simpler  constitution;  for  the 
aUyl-compounds  are  themselv^is  prepared  from  glycerin  (p.  644),  and  have 
never  yet  been  obtamcd  from  any  other  source. 

Glycerin  Is  a  nejirly  colorless  and  very  viscid  liquid,  of  sp,  gr,  1'27,  which 
cannot  be  made  to  crystallixe.  It  has  an  intensely  sweet  taste,  and  mixes 
with  water  in  all  proportions:  its  solution  does  not  undergo  the  alcoholic 
fermentalion,  but  when  mixed  with  yeast  and  kept  in  a  warm  place,  it  ia 
gradually  converted  into  propionic  acid.  Glycerin  has  no  action  on  vege- 
table colors.  Exposed  to  heat,  it  vdat ilijE.es  in  part,  darkens,  and  derom^ 
poses,  giving  off,  amongst  oilier  products,  a  suhstjincc  called  ticruUm,  C|U^O, 
having  an  intensely  pungent  odor. 

Concent  rated  nit  He  acid  converts  glycerin  info  glyctric  acid,  C,Hj04.  an  acid 
related  to  glycerin  in  the  same  manner  as  glycollic  acid  to  glycol,  and 
acetic  aoid  to  elhyl  alcohol ;  being  formed  from  it  by  substitution  of  oxygea 
for  two  atoms  of  hydrogen  in  immediate  relation  lo  hydroxyl;  thus: 


C*H4(OC»,H3,0),    +     80H,    = 
BiearLQ. 


ClIOH 

CH.OH 
Glycerin. 


-f     0,    =    on,    + 


cH,nii 

CIIOH 
COOH 


•  Bj  Ti}fhtaAn*n  pnxcMV,  /in  *^mn\f^\on  of  wntf^r  and  Fat  V*  pww^sA  \mv\«  v^wwbwc^  ^xr«^^  ^ 
highfjr  heati^t  ttttw,   ntui  A(t*^r  (Mi very  «t   tho   <3Xtrtiiii»  «ii4  Wiyw**'^**  VuV*  *«>V«^'''^^^«*' ^^'^ 
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The  formula  of  glyc^^rin  mdimtcs  the  possibility  of  cffocting  n  second  sub- 
stitution of  the  siiinc  kintl,  which  would  yield  diglyceric  »cid,  CjH^O^,  hui 
thi»  acid  1iii»  not  been  actLttilly  obtained. 

Glycerin,  treated  with  a  mixture  of  atron^  nitric  and  sulphuric  Acidj^i 
fornix  nitrot/hfrtrin^  *-t'^6(^*^aV*i*  *  heiivy  oily  liquid  which  explodes  power- 
fully by  perci)8iiion.  It  is  much  Ui«cd  for  bliisting  in  mines  und  quarries, 
but  is  very  dangerous  to  handle^  and  baa  gtvca  rise  to  several  f&lal  ae- 
ctdcnts. 

Glycerin  combines  with  the  elements  of  Hulpbnric  acid,  forming  m  mt^ 
pkofftycerie  acid^  C^HgO^SOi^  which  glres  soluble  Baits  with  lime,  baryta*  and 
lead  Qiide. 

Monniomic  oryprn  addt  (acctio,  bentoie,  stearic,  &c.),  heated  in  seated 
lubes  with  glycerin,  yield  compound  ethers,  in  which  1,  2,  or  3  hydrogen^ 
fttoms  of  the  glycerin  are  replaced  by  nu  equi violent  qitiintity  of  the  ncid 
rudical,  according  to  the  proportions  employed.  The  resulting  oompoiind 
ethers  are  denoted  by  names  ending  in  in;  thus: 

C,lI,fOH),      -f      lIOT.HjO     =      C,IL(OH),OC,n,0      4-     OH, 
Glycerin.  Acetic  acid.  Mono-ace  tin. 

Cj"t(OH),    +    2nor,H,o   ^   c.H4<:)iiKor,ij,o),  4-   20H, 

Glycerin.  Acetic  acid.  TJiftcetin. 

C,lf,(OIl),      +     8H0C,n,0    ^        C,H  J  00,11,0),         4-     30H, 
Glycerin.  Acetic  acid.  Trjaceiin. 

The  glyceric  ethers  or  fflf/eetidit  tbua  produced  arc,  for  the  most  pftrt, 
oily  liquids  increafiing  in  viscidity  as  the  ncid  Prom  which  they  are  fornied 
has  A  bight«r  molecular  weight;  ihose  formed  from  the  higher  members  of 
the  fntty  acid  scries,  Co  ^Isal^i  (such  as  palmitic  and  stearic  acids),  ar«  ftolid 
ftda.  t^umc  of  the  triacid  glyceridcs,  produced  artificially  in  the  waj  just 
mentioned,  arc  identical  wiih  nuturnl  fats  occurring  in  the  bodies  of  plants 
and  animals;  thus  tristearin  is  identical  with  the  stearin  of  beef  and  mutton 
fluet:   triolein  with  the  oleiti  of  olive  oil,  &c. 

MifdrncMork  and  hifdrobrf>m%c  ffdd^  act  upon  glycerin  in  the  same  manner 
as  oxygen  acids,  excepting  that  the  reaction  always  stops  at  the  second 
stage  (just  as  in  the  action  of  these  acids  on, the  glycols  it  stops  at  the  lirsi 
stage).    The  ethers  thus  formed  are  called  ehlorh^dnm  and  bromhydrim^  &c,, 

+     HCl 


C,H,(OH), 
Glycerin- 

Glycerin. 


+     2HC1  = 


o,n,(on)^ci 

Chlorhydrm, 

€,04(011)0, 

Dichlorhydrid. 


OH, 

20II, 


H*/driodk  arid  acts  somewhat  differently,  producing  an  ether,  C^IIdlOip 
which  may  bo  regarded  as  a  double  molecule  of  glycerin,  having  four  cquir- 
alents  of  hvdroiyl  replaced  by  two  atoms  of  oxygen,  and  a  fifth  bj  iodine, 
r,ll„0JOU)L 

The  fklortdfM  and  hromidejt  of  photphorut  act  upon  glycerin  in  the  same 
manner  as  hydrochloric  and  hydrobromic  acid,  but  their  action  goes  on  to 
the  third  stage,  producing  trichlorhydrin  or  proponyl  chloride  and  the  cor- 
responding bromine  compound : 


I 


4-    POj    :^    PC\0    -f-    HCl    + 


r,iunn)ci, 

DiohJorhydrin. 

/>//if'rAf  0/  phntphorm  nets  on  g\yccTVik  m  ^VqVii3^i|  ^^^«tkt.  manner,  yield* 
ing  iodopro^eae  or  allyl  iodide,  C^Vl^l  i^^.  b4^^^^^^^ 


CjHjCl, 

Trichlor- 
hydrin. 


GLTCSBiir.  669 

Oltoidb. — When  diohlorhydrin  is  treated  with  potash,  it  giyes  up  a 
molecule  of  hydrochloric  acid,  and  is  converted  into  a  compound  c^ed 
qfiehlorhydrin : 

CjHsOHCI,    —    Ha    =    CjH.OCl 
Dichlorhjdrin.  Epichlor- 

hjdrin. 

This  compound  may  be  regarded  as  the  hydrochloric  ether  of  an  alcohol, 
C,H50(0H|,  called  glycide,  formed  from  glycerin  by  abstraction  of  OH,. 
Dibromhydrin,  C^uJ(OU.)Btj,  treated  in  the  same  manner,  yields  epibrom- 
hydrin,  or  the  hydrobromio  ether  of  glydde,  CjH^OBr.  Epichlorhydrin 
heated  with  dry  potassium  iodide  is  converted  into  epi-iodhydrin^  Cfifil : 

CjHjOCl    +     KI    =    Ka    +    CjHjOI. 

These  glycidic  ethers  are  easily  reconverted  into  bodies  of  the  glycerin 
type.  Thus  epichlorhydrin  combines  with  acetic  acid,  forming  glyceric 
acttochlorhydrin  : 

(C,H,)/^^C10    +    HOC,H,0    =    (C,H5)^''C1(0H)(0C,H,0); 
Epichlor-  Acetic  acid.  Acetochlorhydrin. 

hydrin. 

and  with  alcohol,  in  like  manner,  forming  glyceric  ethylehlorhydrin,  (O.H.)^^^ 
C1(0H)(0C,H.). 

Epichloroydrin  unites  directly  with  watery  forming  glyceric  numochlorhy- 
drift,  C,H5(0H),C1. 

PoLTOLTCEBiNs. — Two,  three,  or  more  molecules  of  glycerin  can  unite 
into  a  single  molecule,  with  elimination  of  a  number  of  wat«r  molecules 
less  by  one  than  the  number  of  glycerin  molecules  which  combine  together ; 
thus: 

2C,H,(0H),      -    OH,  =      {Ofi,Y'\{^Qn), 

Glycerin.  Diglycerin. 

8C,n,(0H),  -    20H,  =      (C.H6)'".{jod), 

Glycerin.  Triglycerin. 

Generally : 

nC,H,(OH),  -    (,»-l)OH,  =  (C.Hj)- { f^ij')  .^.^ 

The  product  is  a  polyglycerin  whose  atomicity  (determined  by  the  num- 
ber of  equivalents  of  hydroxyl  contained  in  itj  is  n4-2. 

The  mode  of  preparing  the  polyglycerins  is  similar  to  that  of  the  poly- 
ethenic  alcohols  (p.  66 Ij,  and  consists  in  heating  glycerin  with  chlorhydrin, 
whereby  diglycerin  ana  hydrochloric  acid  are  formed : 

C,H,Cl(OH),    +    C.HjCOH),  =  (C,H.),0(OH),    +    HCl 
Chlorhydrin.  Glycerin.  Diglycerin. 

The  hydrochloric  acid  thus  formed  converts  a  fresh  quantity  of  glycerin 
into  chlorhydrin,  which  then  acts  in  a  similar  manner  on  the  diglycerin 
and  converts  it  into  triglycerin,  and  in  this  manner  the  process  is  con- 
tinued. The  polyglycerins  may  then  be  separated  by  fractional  distilla- 
tion.    Their  properties  are  but  little  known. 

Qnlntenyl  Alcohol,  or  Amyl  Glycerin,  C5H„03=(CjH^''^rOH),.— This 
compound  is  formed  from  bromoquintene  dibromide,  C^H^t  .  »t^  «t  ^\a.- 
tenyl  bromide,  C^Ujfir^y  by  the  series  of  proceaaea  xei^t^^nXA^  Va.  >3«j^^  VJi:- 
lowing  equations: 
48* 
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Cjr.Br,  +  2AgOC,H,0 

=  2AgBr  +  {C»n.)"'{(0<g^). 

Qiiinlonyl           Silver 

SiUer            Quintenyl  <ii*cet4>* 

bromide.           »celiite. 

broiuidot                broinbydHa. 

{Cfi^V'  {  (^^£*^^*  +  2K0H  :.=  2K0C,H,0  +  C^H/'^  J  <^^ 

Qumtenyl  dinceto-       PoUiBBium     PoUwaiom  Qui  at  en  jl 

brotiiUyilrin*  bjrdrate.        acetate,  brombydrin. 

(C,H,)"'{(2^>'    +    KOH     =     KBr  4-  (C.H,}'"(OH), 

Quintcnyl  Quint  enjl 

broiiiJijdrin.  alcohol. 

Quinlenjl  alenhol  ia  a  thick  colorlesfl  liquid^  baTing  %  sweet 
taste f  and  soluble  m  wiiUn* 


Triatomie  PhenoU. 

Tlicrp  are  three  cotnpounda  represented  by  the  formula  Cfll|0|,  tni 
exhibitiug  a  eertnin  relntiotifihip  to  the  phenols;  these  are: 

1,  Pf/roffti!hi,  or  PtfrQ^ollic  acid^  produced  by  tbo  action  of  beat  on  jallio 
(diozyfliLlicylic)  acid : 

CjlfA        =         CO,        +        C,fT,0,; 
Gallic  PyrogalUo 

acid.  aoid. 

ftlsOf  top^elber  with  gallic  acid,  by  the  actioti  of  bot  eau^tio  potasb  oa  ill* 
iodo  BJilicylio  aeid.  t\H^ljtY     It   is  convemoii"  i   ircd   by  beallag  * 

dried  aqm*ou»  entrtict   of  giill-imt«  to  18Q*-1  '.*-8a6**  ¥,)  ia  ■• 

iron  poi  covered  with  a  jpnper  cap.     It  then  subiLUj^d  uuvi  condenses  ontlii 
cap  in  long  daitened  prittms. 

Pyrogiilljc  ftcid  is  aoluhlo  in  water,  alcohoU  and  ether;  it  incite  at  115* 
C.  (230''  F.),  boils  at  2KP  a  (410°  F.),  and  decomposies  at  25<y>  C.  (Ift? 
F.),  giving  otf  waier  and  leaTing  a  residue  of  metagatlic  acidt  C^ttJO^  It 
diasolves  in  caustic  potash  or  Hoda,  forming  a  i^olutlon  which  quiciclj  ab- 
sorbs oxygen  frc»m  the  airland  turns  blaek:  this  evolution  forms  a  vm 
convenient  reagent  for  the  endlometric  analysis  of  air  (p.  1-56),  With 
solutions  of  pure  ferrous  salts  it  produoea  a  fine  blue  color,  but  the  sroallMt 
trace  of  furric  salt  chnugt*s  tho  tint  to  green.  With  bromine^  pyrogaUio 
aeid  forms  a  aubstitution-product  containing  (^tljErjO,. 

2.  Phhrafjtudn^  —  Plilorizinp  or  phlorid«in,  a  crystalline  Btibstance,  eiiM* 
ing  reftdy-fornicd  in  the  root-hark  of  the  apple,  pear,  plum^  and  cbf^rry- 
treea,  is  rei^olved  hy  boiling  with  dilute  acids  into  glucose,  and  another 
crystalline  subsianee,  phloretin; 


Phloruin. 


on,      = 


C.H„0, 

Glucose. 


C,,H„0; 
FbloreUn. 


and  phloretin,  treated  with  aqueous  potash,  is  rosolred  into  phloretio  add, 
and  pbloroglucin: 


Pbloretin. 


OH,        =x 


r,n,«o, 

Phloretio 


CR,n, 

Phloro- 


Phloroghioin  la 
taat^,  iiolyble  in  water,  alcohol 


acid.  glucin. 

a  neutral  crystalline  suhHtance,   having  a  very  sweet 
d  ether.     With  bromine  it  forms  the  com* 
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pnimd  C«HjBrjOj;  with  nitrie  aeid,  CjII^^NO,)!!,;  with  ammoma,  a  base 
callf^d  phioraimnff  Cgll4^NH,)0.j;  with  acetyl  chhnde  mul  ht-nztjttt  tkloridr,  it 
yieUn  th6  conipouuds  CjH,(CjU30)0>,  and  CjU^fC^H^OJO,,  biOi  of  wbich 
are  crjrst&lUtie. 

3-  Fr^BiTM/iVi.  —  This  is  a  yellow  crystJiUiita We  Bubstanco,  ooritamed  in 
the  bark  of  (be  berry -bearing  alder  {Rhamnui  /nm^ula}.  It  m  iB:4olubl©  in 
vi'ater,  Hlightly  floluble  in  warm  alcohol  aod  ctherp  soluble  in  fixed  oils, 
bcnxene,  and  oil  of  turpentine.  Faming  nilric  acid  di^aolves  it,  forming 
oxallo  acid,  and  an  acid  called  miro/ratiffidtc  aad,  Btkid  to  00iii&iiiCjgUj|NjO^i. 


TETRATOUIO  ALOOttOLS  AND  STEISRS. 

Tt©  only  tetr atomic  mlcohola  at  present  known  are  erytlirite,  C^ff  joO^, 
and  propylpbycilCt  CjlJ^O^. 

EryUirite,  C^n,,jO^=5(CJTJ''(OH)4,  also  called  Fjythromannite,  Erythro^ 
glurm.  and  PhffAtu^  \%  the  tetratomie  alcohol  trorresponding  to  ciimrtyl  alco- 
hol, €411,^0,  and  qnartyl  glycol^  C^H,j,0^;  the  correMponding  glycerin  is 
not  known* 

Erythrite  is  a  saccharine  sub»tanee,  existing  ready-formed  m  Prok>eoctut 
vitfffarii.  It  was  originally  discovered  by  Dr.  Stenhougie  among  the  pro- 
ductji?  of  decomposition  of  erythric  acid.*  It  crystallises  in  large  trans- 
parent prisms,  is  readily  soluble  in  water,  sparingly  soluble  in  alcohol, 
insoluble  in  ether;  not  fermentable.  Heated  with  hjfdnodie  aeH  il  yietda 
aecondary  qnartyl  iodide,  C^il^l  (p.  I>34) : 

^J^tfii        +        7HI        =        CJfjI        +        40H,        +        81,. 

Heated  with  ory^^n  acidg^  it  forms  compound  ethers,  in  the  manner  of  alco- 
hols in  general;  thu.s,  with  henzmc  acid,  tTjIlgOj^  or  HOt'-lljjtX  it  forms  a 
dibenioate,  (<\H^)"(OH),|Or^H^O)j,  and  a  hexbenjoate,  (€-lUV'(t*<^-'^s**)r 
2C,!l/>^  coHsiatiug  of  neutral  benioyl-erj^thrile  unitud  with  two  molecukfl 
of  benzoic  acid. 

Ptopylphycite,  r^fl^Oj^fCjIT^)*' (Oil )j-  —This  alcohol  is  obtained  synlliot- 
icallj  by  the  following  series  of  processes:  L  Eplchlorhydrin  which 
combioeB  with  bypochlorous  acid,  forming  Ibo  dichlorhydrin  of  propyl- 
phycite ! 


C|H,OCl 

Epicblor- 

+ 

GlOll            = 

(C,H,)"ri,(niT), 

Dichlorhydrin  of 

Hypo- 

hydriu. 

chlorous  acid. 

propyl  phycite. 

2.  This  dichlorhydrin,  treated  with  siWer  acetate,  is  converted  into  the 
corresponding  diaeetin,  (C4lL)''(0rjH5O)j(OH)2. — 3,  The  diacetin,  heated 
with  aqueous  potash,  yields  the  tetralomio  alcohol. 

Propyl pbyc I te  is  a  colorless,  solid,  amorphous  mass,  which  deliquesces 
In  the  air  to  a  glutinous  liquid.  It  hns  a  sweetish  taj'te,  dissolves  easily  in 
alcohol,  and  resembles  oryihrite  in  its  chemieul  relations.  With  fuming 
nitric  acid,  it  forms  mfrnprnpfflpht/ate^  C3H^fN0j)0^. 

Carbon  (etracblnride.  t.'t^l^,  may  bo  regarded  us  a  tetratomio  ether;  tk* 
corresponding  aloohol,  C(OH)^,  is  the oreiio ally  po%s\\i\e,^i\iV\%Ti<^\.  tShSA.^^!^^ 
known. 

•  8^  the  ehApter  on  coloring  uuklUvt, 
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PENTATO?»nO  ALOOnOLi 

Finite  and  qu^dtf,  two  sactfhuriao  snb^ttinces  hftTing  the  eonpondon 
C^H,/)j,  probably  belong  to  thiii  class  of  bo<lic»,  iniL9mu<!b  il«  tbey  f»rc«<ii3e# 
ethern  vfhtfn  treiitad  m ith  acidfi;|  and  the  tttoinieitj  of  an  atcobol — ^(but  j 
Bay.  tbt»  number  of  replftccnble  hydrogen-atoms  which  it  coDtnins —  U< 
to  (be  number  of  oxygoD-utomu  in  itamuleeule  ;  sach  indeed  is  Ut«eAfe1 
ftll  tho  uloobols  deeunbed  in  the  preceding  pages. 

Pimf^  19  contained  in  f  lie  nap  of  a  CalifomJan  pine  {Pinm*  . 
snd  IS  deposited  from  the  aqueous  extract  of  the  hardpue4  Juie«.  in  1 
white  erysttillme  nodulcM,  as  sweet  as  sngar-eandy,  rery  «ioluble  in 
nearly  insulnble  in  alcaboL     It  turns  the  plane  of  po1ariia.tion  of  m  lumiB 
ray  to  the  rigbt:  is  not   fermentable.     With  hentmr  arid  it   Uyrm^  dth 
pinitf,  C,H,(OC,HjO)j(OH)3^  and  tetrabtmopimtt,  C,H,jOC,H^O)^(OH); 
aimilar  compounds  with  stearic  acid, 

Qutrcitf.  is  a  saccliarine  substance  extracted  from  acoriifs  bv  tr^atiof  lAt 
aqueous  infusinn  with  milk  of  lime  to  remove  tannic  acid.  '  lie  liquid 

to  ferment  with  yeawt  to  remove  ferrnenUble  sugar,  evap.  ,  ditrstf 

to  a  syrup,  and  leaving  it  to  crystallize.  It  forms  bard  lu  -.i.  ,  -i,  -.  cry»ulii 
which  griile  between  the  teeth,  and  are  soluble  in  water  »nd  in  hot  diitti* 
nlcoboL  Heated  In  a  sealed  tube  with  bemQtc  actd^  it  forms  dibem^mnrdU, 
C,UTtOCTH,0),(011V 
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Thk  oIms  of  compounds  inoludea  most  of  the  saccharine  snbttanCM  foi)B«t 
in  planlSj  and  others  produced  from  them  by  artificial  transformation.  Twfl 
of  the  natural  sugars,  manniU  a^nd  dtdeite^  having  the  composition  CgHuO^ 
or  (C^Mg)^H**'nr  ^^^  saturated  bexatomie  akohob  deriTcd  from  Ibe  »*in- 
ratcd  bydrocarboOt  CgHj^.  Several  others^  cidleit  glurofifs^  contain  ti'^Hi/'r 
that  is  to  say,  two  atoms  of  hydrogen  less  than  mannlte  and  dulcite>  aov 
may  therefore  be  regurded  —  so  far  as  composition  Is  concerned  —  as  th« 
aldehydes  of  these  alcohols;  moreover^  ordinary  glucose  (grap^sugar}  ^ 
converted  into  mauuite  by  the  action  of  nascent  hydrogen,  just  as  ac€li« 
aldehyde,  0,11^0,  is  converted  inlo  eominon  alcohol,  Cjll,tK  Further,  ihcr* 
are  du/lurrmr  akohoh,  C.^U^O^^i—  2CJI,,(>,  —  OH,V  related  \r  ■»  ^  n.ri 
in  the  same  nianuer  as  aietnenie  alcohol  to  glycol,  or  diglycerij  n: 

the  most  important  of  thej?e  are  cafn?-«wj;<tr  and  fm7jt-«»<^ar;  and,  ..  ._ .  _:.tTt 
are  certain  vegetable  products  —  rii..  niarrk^  cdlulofe^  and  a  few  oiherv.,  ft* 
presented  by  the  formula  fflH,jOj.  or  multiples  thereof  which  tu«y  b«  rt- 
gardeil  as  the  oxygen-ethers  or  onhydrides  of  the  glucoses,  or  of  the  digta- 
cosio  aleobols,  inasmuob  as  they  differ  therefrom  by  a  molecule  of  water 


SATURATED  HEXATOHIO  ALCOHOta 


ijito,     1 


Manaile,  C^HiA  =  (Call,)  ( OH ),.  —  This  is  the  chief  component  of  nmnm, 
D  exudatitifi  fruin  a  specli-s  of  ash;  it  is  also  found  in  the  juice  of  ceruin 
other  jibints,  in  several  aea-weeds,  and  in  mushrooma.  It  is  beat  prepareii 
by  trcaiing  manna  ivitb  boiling  alcohol,  and  filtering  the  solution  wUiU 
hot;  it  llien  crystaflii'.es  on  cooling  io  tufts  of  i^lendrr  needles.  Manulte 
may  be  produced  artificially  by  treating  a  solution  of  glucose  with  ^odiuu 
algam,  tbc  glucose  then  talcing  up  2  atoms  of  hytlrogrut 


MANNITK  —  DULCITE, 


Ttie  sAme  transfoToiatioEi  of  glucose  Bometlmes  Ukes  pUco  uotier  the  action 
of  €  *.'  riu  i  n  ft*  rmi  o  u  ( a, 

Mitaiiite  erystjilliies  in  thin  four-sided  pnsms,  eaeily  soluble  in  wat^r  and 
in  hot  alcobot,  insulublts  m  ellier*  It  is  slightly  sweet,  linfl  no  action  on 
poliirized  light,  and  is  not  fermentable  except  under  vorj  unusual  conditions, 

liy  oxidutieii  m  coulact  wilh  p/utmum-hlack,  iimnnite  is  converted  into 
mtmniik  aeuiy  ('jH,q,0^,  and  munmtosc^  ^^sl^r/V  **  ^^^^  of  wugar  isomeric  with 
glueusc.  By  oxidatiun  with  nitric  acid  it  jield,^  Mttceharie  acid,  ^^cll|o<  "^^^ 
ultimately  ozalie  and.  Miinnitic  acid  and  saccliaric  acid  are  related  to 
maiuiitc  in  the  same  ni»tin€ir  n^  glycolUc  acid  and  oxalic  acid  to  glycol  r  tlid 
rolutiotL  between  the  three  componuda  is  shown  by  the  following  formt^las: 

COOH 


CHjOH 

cfloa 

<!jhoh 
tnoH 

CHOH 

M&unito. 


COOH 
CHOH 

cnoH 

COOH 

COOH 

CHjOO 

MutinLtio 

ikcid< 


CHOH 

I 
CHOH 

CHOH 

COOH 

COOH, 

Bucchario 
acid. 


By/umm^  nttric  acid,  of  more  easily  by  a  mixture  of  nifrie  and  nttphurh 
aciih,  mannite  ta  converted  into  nitrom*inmt€^  C^t*»(N 0^)^00,  a  crystjdlino 
btidy,  which  explodes  viuleutly  hy  percussion  or  when  tinddenly  liented, 
and  is  reeooTcrted  into  niannite  by  amnioiiinm  snlphide.  With  snlphuriQ 
jicid  mnnnitc  foruiB  sHfjtho-mtjnnitk  arid,  C^JI,^O^j.  3S(>,. 

Matin i to,  treated  with  htfdriodic  acid,  itj  converted  into  secondary  kexyl 
iodidej  or  hexylcne  hydriodide  ^p.  GHVi) : 


c,n„o, 

Bliioniie. 


+     IIHI     ^ 


Hejtyl 
iodide. 


+   6on,  +  51, 


Mannite,  heated  with  organic  acidjt,  forms  compound  ethers*  after  the 
manner  of  alcohols  tu  generul,  the  eleoiciita  of  the  mannite  and  the  acid 
uniting  together,  with  elimination  of  one  or  more  molecules  of  water  The 
resulting  compoutidj),  called  vuinmtanid*:ji,  bear  a  considerable  resemblance 
to  the  fats;  hut  their  composition  has  not  been  very  exactly  determined. 

These  ethera«  when  t^nponifiL'd  with  alkaliea,  yields  not  mannite,  but  man- 
mtan^  CiHj^O^,  a  componnd  differing  from  mannite  by  one  molecnie  of  water. 
Tlie  same  compound  is  obtained  in  small  cjjUiintity  by  heating  mannite  to 
20t>°  C.  (80;i*'  F,),  and  more  eastily  by  prolonged  boiling  of  mannite  with 
sirong  hydrochloric  acid.  It  is  a  syrupy  liquid^  which  volatilizes  slowly 
at  Hi)**  C,  (2H4**  F.),  and  dissolves  easily  in  water  and  in  cold  absolnte 
alcohol :  this  last  property  alFords  the  means  of  separating  it  from  mannite. 
When  exposed  to  the  air,  it  slowly  absorbs  water,  and  is  reconverted  into 
mannite;  the  change  is  accelerated  by  boiling  with  nmilm  or  with  alkalies. 

Mannite^  boiled  with  bntt/ric  acid^  gives  up  two  molecules  of  water,  and 
is  converted  into  mnnnidf^  ^t^^m^*^  which  is  also  a  syrupy  liijuid,  but  differs 
from  mannitan  in  being  much  more  volatile,  evjiporating  rapidly  at  IIO**, 
and  in  being  quickly  reconverted  into  mannite  by  exposure  to  moist  air* 
Jt  dissolves  easily  in  water  and  in  absolute  alcohol. 

Bnlcitt,  CgH|40^  also  calle<l  Duldn^  Duleoit,  and  ife^iwpyWfe.— This  au^M, 
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isonierio  with  mnnnite^  is  obtained  from  acrjstalline  substance,  of  unkii< 
origin,  imported  from  Madagascar:  it  is  extracted  therefrom  hy  boiUnj 
with  water,  and  cryistaUiies  from  the  filtered  eolutioti.  Dulcite  i*  UJci*wti 
obtjiined  from  Mtlampyrum  nrmoroium^  hy  mixing  the  aqueoUA  decoct 
of  the  plant  wiih  lime,  concentrating,  adding  hydrochloric  acid  in  sligl 
excels,  &nd  eT&porating  a  little;  it  then  aeparates  in  crystJilB  as  the  liqi 

CtMllfl. 

Dulcite  is  a  rweet  substance  resembling  maonitc  in  most  of  its  propertii 
but  differing  from  it  in  its  crjgialltnfl  form»  which  is  that  of  a  fnonoeliai 
prism,  whereaB  the  crystals  of  maiinitc  arc  trimetrio;  and  al(«o  in  its  mel 
ing  point,  dulcite  melting  at  182°  C.  (300°  F.),  mannitc  at  166*^  C,  (329*='  F. 
and  by  yielding,  when  oxidiicd  with  nitric  acid,  not  saccharic  acid,  hi 
mueie  acid,  which  is  isomeric  therewith.     Heated  with  organic  acids, 
forms  ethers  called  dulcitjinides,  onalogous  to  the  m^nmt&nidtit  and  yicldini 
by  saponification,  not  dulcite,  but  dulcitan,  V^H^fi^,  which  may  likewise  be 
obtained  by  heating  dulcite  or  by  boiling  it  with  hydrochloric  acid 

h&duicitt^  C^Wyp^^  or  CgHjjO^.OHj,  a  saccharine  substance  isomeric  wii 
mannite  and  dulcite,  is  prucfuced,  according  to  Hlasiwetx  and  Pfaundler, 
bgf  the  action  of  dilute  acid  on  queroitrin  (p.  CKX)).  It  forms  large  trans- 
IJirent,  regularly  developed  crystals  resembling  those  of  cane-sugar:  it  is 
mreeter  than  grape-sugnr,  not  fermentable,  disaolirea  in  201»  parts  of  water  at 
18*^  C.  (64^  F.),  and  easily  in  absolute  alcohol.  The  solutions  turn  the  plane 
of  polarization  to  the  right*  Isodulcile  melts  with  loss  of  water  between 
10*3''  and  110*'  C.  (221'»-23<P  F.),  is  colored  yellow  or  brown  by  strong  eul- 
phurio  acid  find  catimio  nlkalies,  and  reduces  ciipric  oxide.  By  a  mixture 
of  nitric  and  sulphuric  acids,  it  m  oonYcrteii  into  ftelighUy  explosive  nitro- 
compomid,  CVH,(^'04)J05. 


m 


I. 


I 


QL17006CS,  C«Hu(V 


A 


The  fiugftrs  included  in  tbis  formula  may  be  regarded  m  Aldehydes  of  the 
Raturutcd  alcohols,  C^Hj^O^.  Ordinary  glucose  (grape-sugar)  is  converted 
into  mannite  by  the  aciioii  of  nascent  hydrogen  (p.  G72),  and,  on  the  other 
hand,  manuite  when  slowly  oxidized  in  contact  with  platinum  black  is 
partly  converted  into  mannttosc.  Nevertlicless,  the  gUicosea  still  exhii 
the  characteristic  property  of  alcohols,  namely,  that  of  forming  ethers 
combination  with  acids  and  elimination  of  water.  The  formula  of  m  glucoj 
may  indeed  be  derived  from  that  of  niannite  given  on  page  573.  by  remo' 
ing  two  hydrogeu-atoms  from  one  of  the  groups,  1^H/»H,  the  other  grou] 
rcmnining  as  before;  the  glucoses  may  therefore  be  expected  to  act  as  pe 
lalomic  alcohols.     Bo<lje8  thus  constituted  may  be  called  nlcvhotic  a!dtkytlii 

The  following  varieties  of  glucose  are  known; 

1,  Ordinary  ylucoat^  produced  by  hydration  of  starch  under  the  influence 
of  dilute  acids  or  of  diaatasc,  and  existing  ready-formed,  together  wit' 
other  kinds  of  sugar,  in  honey  and  various  fruits,  especially  in  grapes,  atii 
alone  in  diabetic  urine. 

2.  Maltose,  produced  by  the  limited  action  of  diastase  on  starchy  And 
differing  from  ghieose  only  in  its  optical  rotatory  power. 

y.   Lnmh$e,  existing  in  cane-sugar  which  has  been  acted  upon  by  acid; 
fvnd  obtained  pure  by  the  action  of  dilute  acids  upon  a  variety  of  stai 
called  inulin. 

4.  MftnnUiwe^  produced  by  oxidation  of  mftnnite 

5.  Gaheto«ef  formed  by  the  action  uf  acida  on  mUk-irogar. 

■  AuQr  Cb.  PikATiti.  cxx^iLM^  _ 
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6.  Inositii,  Gxt sting  in  muscnlfir  iesh. 

7*   SitrLin^  obtnined  from  HiouiifiLin-ash  berrips. 

8.  Eurttff/n,  existing^  togothtir  wilk  anc^tlier  kind  of  f^ugiir,  in  the  so-oalled 
AuMraUan  nmtinti. 

The  first  t'liiir  of  tbese  glucoses  exhibit  but  very  slightly  diversity  in  their 
chemical  properlica,  differtng  ohiefliy  indeed  in  their  lictioo  oa  polanted 
light,  and  &  few  other  physical  properties.  They  all  yield  Bacclmric  acid 
by  oxidation.  OaltictoKe  differs  from  them  in  yielding  roucic  ueid  whea 
oxidisied,  Inosite,  sorbin,  and  euoalyn  exhibit  »till  greftier  diftercnces  la 
tJtieir  fihemiciLl  properticHj  especially  in  not  being  fermeniahle  except  uinder 
Tery  pecnljur  circumsKinceSt  ^vhereas  the  five  other  glucoses  undergo  yinouH 
fertnenhition  when  placed  under  certain  conditions  in  c:ontact  with  yeast. 

All  the  glucosea,  except  iiiosite*  arc  decomposed  by  boiling  with  uqueoua 
alkalicEi ;  thia  properly  distingnishes  thera  from  mannite  and  didcite.  They 
are  not  curbonized  by  strong  sulphuric  acid  at  ordinary  temperatures.  When 
boiled  with  a  solution  of  poinssio-cupric  tartrate,  tliey  throw  down  tlio 
copper  io  the  form  of  red  cuprous  oxide. 

1*  Ordinary  Olucofle,  Deitro-glucoso,  BextroM,  C^RuO^.  OHj.  —  This  va- 
riety of  sugar  is  very  abundantly  ditfused  through  the  vegetable  kingdom: 
it  may  be  extracted  in  largo  quantity  from  the  juice  of  sweet  grapes  (whence 
it  is  often  called  grapt-sugar)^  and  also  from  honey*  of  which  it  forma  tho 
solid  crystalline  poriioD^  by  washing  with  cold  alcohol,  wbioh  dissolves  the 
fluid  syrup.  The  appearance  of  this  substance,  to  an  enorinotts  extenl>  in 
the  urine,  is  tbe  most  characteristic  feature  of  the  disease  called  dinhfteM, 
It  exists  in  diabetic  urine  unmixed  with  any  other  kind  of  sugar,  »ud  is 
easily  oblaincd  by  concentrating  the  liquid  till  it  crystalliies,  wa^hiug  the 
crystals  with  cold  alcohol,  disaolving  them  in  water,  and  re-cryst  alii  zing. 
It  may  also  be  prepared  from  starch  by  tho  action  of  dia*ta**e,  a  peculiar 
ferment  existing  tn  gerniinating  barley,  or  by  boiling  with  dilute  sulphuric 
acid.  In  these  reactions  the  starch  takes  up  the  elements  of  water,  and  is 
resolfed  into  glucose  and  dextrin,  a  compound  isomeric  with  starch  itself, 
the  transformation  being  exactly  similar  to  the  saponification  of  a  fat  under 
ihe  infiuence  of  alkalies: 

3CiW,oOs      +      on,      =      c«n,,o.      +     sc.h^o. 

Starch.  Glucose,  Dextrin. 

Glucose  is  always  prepared  from  starch  when  required  in  considerable 
quantity.  The  mode  of  preparation  will  be  described  in  connection  with 
slATch.  Cellulose  is  likewise  converted  into  glucose  by  the  action  of  acida 
(p.  CKX)).  Lastly,  glucose  is  produced  by  the  decomposition  of  natural 
glucosides  by  boiling  with  dilute  acids. 

Glucose  is  much  less  sweet  than  catie-sugar,  and  less  soluble  In  water, 
requiring  I)  parta  of  the  cold  liquid  for  solution.  It  separates  from  iia 
solutions  in  water  and  alcohol  in  granular  warty  masses*  which  bui  seldooi 
present  crystalline  faces«  When  pure»  it  is  nearly  white.  In  the  state 
of  solution  it  turns  the  plane  of  polarixation  of  a  ray  of  light  to  the  right 
(hence  tho  name  deitro-glufour  and  dextrose) :  its  i^pecific  or  molecular  rota- 
tory power*  is  -|-  50°,  and  does  not  vary  with  the  temperature. 

Glucose  may  be  heated   to  120°  or  even  13CP  C.  (248=>-2&G^  F.)  without 

•  The  speciflo  or  nioleeular  rotatory  power  of  an  optimally  active  sabstanee, 
usually  d*Mioti*d  hv  the  wymbol  [n],  h  roeaflured  by  tho  number  of  degrees  throagh 
whieh  aecduMO  EIK3  iiilllimetrf.^>»  or  1  decimetre  thiek,  of  a  itolution  auntaioiug  1 
gram  of  ttie  |>gTe  ^abstance,  would  rotate  the  plane  of  pulariiation,  supposing  the 
■pfwific  gmv'ity  of  the  solation  to  bo  =  1«  Hence,  if  tho  tnotefiular  rotatory  power 
[a]  ia  known*  the  rotation^  a,  of  the  plane  of  poladztition  cau^icd  by  a  iitratum  1 
dooimetre  thick,  of  a  solution  of  tp.  gr.  1.  nnd  aontaiaiug  t  ^^tvvuv^  ()l  %'q^:),ik*uiwVk,Qn\3t]L 
I  gram  of  solution,  ia  expressed  by  the  ei|uation^  ^  —  %  \a\,    \^»\wiMt^H«st,>Xv^  «^- 
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mlteniUon,  but  nt  170^  C  (338^  F.)  it  girea  off  water  and  is  eonrerted  into 
giucQ^an,  C,lIjoOj,  which,  when  frc«<l  from  cam m el  (p.  000)  hy  me^iic  ©f 
ehmroool,  and  from  gluootie  hy  fvrmcntaLiou^  forms  a  colorless  ma»»,  wettf^j 
awoct  to  the  taste,  and  haTirig  somewhat  Us9  dcxtro-rotatorj  power  ikia 
gluGCise.  At  higher  tempcramres  gUicoso  blackens  and  sufl^crs  complcti 
dt!  cam  position.  Glucose  boiled  for  some  time  with  dttuU  »uiphufie  or  imh^ 
thtoric  acid,  is  converted  iuto  brown  substances  called  ulmin.  ulntie 
&o«  —  Strong  sulphuric  actd  Gouverts  it  at  ordinary  temperatures  mio 
Mocharic  acid,  C,sH„OgSO,,  which  forms  a  8oIuble  barium  ealt* 

Litru^  barytii,  and  lend  Qztde  disaolve  ftlowljr  ia  aqueous  solution  (^f  floeoi«, 
and  OD  adding  alcohol  to  the  liquid,  compounds  of  these  oridea  with  fhieite 
are  prccipituted.  Thi$  barium  compound  is  said  to  coniatn  {VJi^ 
(BaOt,.L;UH,;  tho  calcium  compound,  (C,H,jOg),(CaO)j .  20U,:  th«, 
compound,  (<'gH.,Ojr*,(  PbO)j(Uil)-,     These  cuiupounds  are,  hairevrr, 

utiMlable,  being  decomposed  at  the  neat  of  boiling  water.     '(' -^  al«a 

bines  with  sodium  fhtftridt,  forming  the  compound  (C^H^  Ql\ 

OI11C08G,  boiled  with  a  cupric  aatt  In  presence  of  alA  Ay  r< 

the  cupric  ojtide  to  cuprous  oxide:  by  thia  ohaiaeter  ii   m  cairijj  diitfiii' 
giii^htHl  from  eane-sugar. 

When  solutions  of  cane-sugar  and  glucose  are  mixed  with  two  aeptnt« 
portions  of  solution  of  cupHc  sulphate,  and  caustic  potai^h  added  in  ex€e«s 
to  each,  deep-blue  liquid*  are  obtained,  which,  on  being  heMed,  exhibit 
di^erent  characters;  the  one  containing  cune-^ugar  ia  at  first  but  liltl* 
altered;  a  small  quantity  of  red  powder  falb  after  a  time,  but  the  liquid 
long  retains  its  blue  tint ;  with  the  glucose,  on  the  other  band,  the  fina  tp- 
plti'ation  of  hciit  throws  down  q  coptoua  green ii^h  precipitate,  whioh  rapiJljT 
changes  to  «carlet,  and  oTCntnally  to  dark^red  cuprous  oxide,,  laaTiOf  * 
nearly  colorless  solution.  If  the  analyst  have  but  small  c)uanliCiai  of  &»* 
tertnl  at  his  <li6po«al,  a  mixture  of  cuprio  sulphate  and  tartaric  a«id.  14 
■whieh  an  excess  of  potash  has  been  added,  may  be  uaod  wiili  advasitafft 
Ttiifl  solution,  called  potaiMto-cupne  tartratf,  is  an  excellent  le«i  for  divtio' 
gutshing  the  (wo  varieiicB  of  sugar,  or  discovering  aji  adnuxture  of  ghicoii 
with  cane-sugar, 

gr.  Ill  i,  we  hare  «  =  t[A\B.    If  the  thicknesa  of  the  stratum  is  X  deelmttroa.  «v 
have  fitially : 

m  =  €[m]lX. 
If,  then,  the  angle  of  rotation,  n,  has  boon  fonnd  by  experiaicnt,  tHe  q^u 
of  sabtftaucey  «^  ia  1  gram  of  solution  i»  given  by  the  equalion. 


[m]lk. 


Iff  on  the  othor  hand|  it  la  desired  to  determine  the  apeciSc  rotator/  power,^ 
have  the  et^uatiouj 


H  =- 


1^. 


For  example,  by  dtitBolving  1V3i7  grami  of  dextro-gloeose  In  6>S*A5$  ^ 
water,  a  solutino  i*  ohtaineU,  having  a  up,  gr.  of  ]'0-t4ir  and  pmHlaciag  ia  a  I 
deolmetren  long,  a  rotation  itf  I'ST'^.     Ueueo  the  molecular  rotatory  powef  <' 
tro-gluGose  is  given  by  the  equation, 

[«]  :=  111 =  &7'«. 

01 1347  X  2  X  1-04H, 

The  rotation  is  generally  obs^ervtsd  for  th«  iran»%fitiH  tint  between  the  hiae  1 

the  tiurplr^.  in  which  cnmc  the  mMleeoInr  rotatury  power  if  denoted  by  the  tija|tl« 

«vuihi>l  [a] ;  io>ml^th11«^,  Vtowevvt,  *\\.  \fc  uV>««tvv^  fur  the  red  ray ;  and  la  thi*  ea^e 

Uthe  N^'inlHtl  [iilr  i*  «jmtAoy*ji\.    t\io  toVftXlvvjuV*  ^i\\\k^7aai£bMA>  aft  ^r  or — »  aooordiag 

U  takes  hluee  lu  the  T\g\ii  ot  \,\i<a\ii^V 
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Olucoae  mixed  in  dilute  solution  with  ^entl  and  exposed  to  a  temperature 
of  2P-26**  C.  (70^-8U°  P.J,  easilj  imdergoea  vitious  ferment atioii  (p.  51*1). 

2.  Kaltote,  CjH^jOj. — This  nnme  is  given  by  I>uhrunffttit  (o  tlie  sugar  pro- 
diiCL'il  lljy  ttie  action  i>t  diustase  upon  z^fareli.  ll  bsis  h  df  xt  rn-rotatory  power 
three  times  as  great  as  that  of  ordinary  gUjco**iV  ijut  reseinbies  the  Litter  In 
all  oilier  rf?apt'eis,  and  is  converted  into  it  by  boiling  with  dilute  ncids.  It 
appears  to  bo  merely  a  physical  niodifiention  of  fi^Uieopc,  the  ditFerence  hv- 
twi'cn  the  two  depending  on  the  arrangement  of  the  molecules,  not  on  that 
of  the  atoms  within  a  molecule, 

H.  LevuloiSt  *\n|J>^ — This  Bugar^  dislingui-^hed  from  dexlro-j^lucoso  by 
rning  the  plane  at  polarixation  to  the  left,  oi-'cursT  toy;elher  wilh  dextro- 
jf^lucose,  in  honey*  in  many  fruliij^  and  iti  other  saccharine  substaneefi* 
The  mixture  of  ihese  two  itugars  in  equiTalent  ^^uantiiies  conatituteH  fruit' 
sugar^  or  invert fd  *ugar^  which  ia  itself  levorofatory,  because  the  specific  ro- 
tatory power  of  kvulose  is,  at  ordinary  lemperalurea,  greater  thau  that  of 
dextrO'glueo8e> 

Cane-80g;ar  maj  be  inverted^  that  is,  tranfiformed  itite  a  mixture  of  equal 
ifi  of  dextrO'gluGOSC  and  levulose,  by  WEirmiug  with  dihiLe  acids: 

C,.u«0„    +    OH,  =    c.H„o,    +    r.ii./v 

^Mme  cbanp^e  is  brought  about  by  contact  with  yeast,  or  with  pectase^ 
the  peculiar  ferment  of  fruits;  and  likuwiae  takes  place  slowly  when  a  so- 
lution of  oaue-sugar  is  left  to  itstdf. 

To  separate  the  levulo^e,  the  inverted  ^ugar  obtoiined  from  10  grams  of 
cane-sugar  is  mixed  with  Ij  grams  of  slaked  lime  and  UH»  gram^n  of  water» 
whereby  a  solid  calcium-compound  of  levulose  is  formed,  while  rhe  whole 
of  the  dcxtro'glueose  remniuH  in  solution,  and  may  be  separated  front  the 
precipitate  by  pressure.  The  calcium  salt  of  levuloi^e  suspended  in  water 
ttnd  decomposed  by  carbon  dioxiile^  yiehla  a  solution  of  pmre  levulose, 
which  may  be  filtered  and  concent rfited  by  evaporatiyn.  Levulose  may  be 
at  once  obuined  in  the  pure  state  by  the  action  of  dilute  acids  on  iuulin. 

Lfvidose  is  a  c«jlork?<H  unery^*lttllizable  syrup*  as  s^weid  as  cane-sugar, 
tn^re  soluble  in  alcohol  than  doxtro-glucose.  Its  rotatory  power  is  much 
greater  than  that  of  dextro  glucose  at  ordinary  temperatures,  bul  diiwin* 
ishes  as  the  temperature  rises.  For  the  traiisitiou  tint,  [a]  ^  — lOGP  tb 
14*>  C.  (67°  F);  ^  — 7*J  5"  at  G2°  C,  (122^  F.),  =  — 53°  at  W  C.  (l'M« 
F, ).  Now,  the  rotatory  power  of  dextro-glucosc  is  the  same  at  all  tera» 
peraturcs,  and  equal  to -f-Gt?"*;  cousequently  that  of  inverted  sugar,  which 
is  — 2b^  at  Ij'*,  diminlrthes  hy  about  one-hulf  at  5*2°,  becomes  nothing  at 
aO®,  and  ehjingCH  sign  above  ihal  temperature. 

Levulose  exhibits,  for  the  most  part,  the  same  chemical  reactions  as  dex- 
tro-gluco'^e,  but  is  more  easily  altered  by  heiit  or  by  acids,  and  on  the  con- 
trary offers  greater  resistance  to  the  action  of  alkalies  or  of  ferments, 

htvoliman,  V^\i^\,  the  oxygen-ether  or  anhydride  of  levulose*  is  pro- 
duced, together  with  dextro-glucose,  by  melting  cane-sugar  for  some  time 
at  ItKPC.  (82*' F,): 

The  glucose  may  bo  removed  from  the  liquid  by  fermentation,  and  the 
levolusan,  whieh  is  unfermentable,  may  be  oblatried  by  evaporation  as  iiti 
uticryj^talliiahle  syrup.  IJy  boiling  with  water  or  dilute  acids,  it  is  con- 
Ycrled  into  a  fermentable  levorolatory  sugar,  probably  Icvuloac. 

4.  Kaiuiltoie,  r,l  1^0^ —This  is  the  sugar  produced,  together  with  man- 
nilic  aci<l.  hy  the  oxiuation  of  mannite  in  confaet  with  platinum  black.     \\. 
may  be  separated  by  saturating  the  li^iuid  with  Wvae^  ^ttc?wgi\V'ft.X\Tv^ V^«i  ^"^X* 
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cium   mftnnitat©  with  alcohol,  evaporating  the  filtrate   to  m  fljrup,  i 
Bklcobot,  ftg^tiu  filtering,  arnl  vvapoiatiug  to  dryness, 

Mnnnito^G  in  syrupy,  uucrysliilUiuble,  fermentJible*  iiifictlvc  to  pobtiiet 
ligliiy  And  resembles  the  other  glucuises  in  ita  cbcmioi&l  rciu:tion. 

6,  OalactotQ,  QHijO^  is  prqiliice«l  by  boiling  mllk-sugtir  wit  i  U. 

It  in  Bolublo   ill  wiitei\  tiparingly  &olubl«  in  cold  aleuhol,  cry-  ift 

readily  tlian  ordinary  glnco^o ;  baa  a  dextro-rotatory  power  of  ^'^';  taJ 
is  very  eas^ily  fermentable.     It  rcsemblca  dextro -glucose  izi  moiU  of  iti  r^ 
actirm.%  but  is  distinguisbed  from  uU  the  four  glucosi^s  above  deaeribi 
yielding  tiiucic  lUijlead  of  siiccharic  acid,  wben  oxidized  by  nitric  aei< 

0,  Inoiltfl,  or  Fliaaeoma^nite^  ^(I^ijO^  *s  a  variei  j  of  glucose  oecnmBf 
in  the  muf^enlar  :»tjbsiaiiee  of  tbe  bvni  t  atid  other  organs  of  tiie  animal  body, 
nl^o  in  green  kidnej-beati*^,  tbe  nnripe  fruit  of  J'hateolug  vul^aru^  and  n 
many  other  planes.  It  forms  {jriumalic  crystal?,  rcitembling  gypsun,  «ola- 
blc  in  water,  but  ini^ulnble  in  alcobol  and  ether.  It  Jna3'  be  boiled  witli 
strong  aqueous  potaHli  or  baryta  wUbout  alteration  or  coloration.  If  t^if 
BUgar  be  evaporated  with  nitric  acid  nearly  to  drynci^s,  thei  residue  mixed 
Willi  a  little  ammonia  and  calcium  chloride  and  again  eTaporatecU  a  beui- 
tiful  and  characteristic  rose  tint  i»  pruiluced* 

laosite  does  not  ferment  with  yeai^t,  byt  in  contact  with  cheese,  0ei^ 
or  decaying  membrane  and  chalk,  it  undergoes  lactous  fermentatiou,  jMi^ 
ducing  luetic,  butyric,  and  carbonic  acids. 

7*  SorbiUf  nr  Sorbite,  C^Tf  j^O^,  ts  a  crystalUzablQ  fftigar  existing  in  the  juiee 
of  ripe  mountain-nnh  berries  [Sitrbu*  attcttparia).  Tbe  juice,  when  nllv*eJ 
to  stand  for  some  time  iii  open  vessels^  deposits  a  brown  crystjilline  [Liltfr« 
wltich  may  be  obtained  in  trnnspareut  colorleea  crystals  belonging  te  tkt 
irimetric  system.  This  ^ubtttance  is  almost  innolubtc  in  alcobul^  hui  sas»\J 
Boluble  in  water,  to  which  it  imparts  an  exceedingly  sweet  (a^te.  A  •ola* 
lion  of  Borbin,  mixed  with  amniooia  and  lea^l  ncetaic,  yields  a  wbtte  0ecoi* 
lent  precipitate,  containing  Cgfl^PVO,.  With  todium  thloritU  it  foraii  * 
compound  which  crystallizes  in  cubes. 

Sorbin  is  converted  by  hot  nitric  actd  into  oxalio  acid.  It  do^*-  tv.^»  frf- 
ment  with  yeast,  but  in  contact  with  cheese  and  cbjilkt  at  10**,  * 

lactous  fermentation*  yielding  a  largo  quantity  of  tactic  acid,  t<  ^b 

alcohol  and  butyric  acid. 

8.  Enoalyn,  CgHj^O^.  is  an  unfermentablc  sugar,  separated  in  the  fermttp 
taiion  of  mclitoiie  (die  sugar  of  the  Eucnlffytux  of  Tasmania)^  in  comt* 
t|Uence  of  tbe  de«trtiction  of  a  fermentable  kind  of  sugar  whicn,  in  combi* 
nation  with  eucalyn,  constituted  melitoee: 


C.,H„0„    +    OH,  =  SCO,    + 


W^ 


elito#e, 


2C,R,0 

Ale  0  bob 


+ 


Lucalyn. 

On  evaporating  the  liquid,  the  cucalyn  remiiins  an  an  uncry!«talliKable 
syrup,  having  a  specific  rotntory  power  of  4-  ^^^  nearly.     It  is  not  reo* 
^_         dertid  ft^rjnemabic  by  tbe  action  of  £ulpbui  ic  acid. 

r 


When  orrlinary  glucose  x%  heated  to  1(XP-120*'  for  fifty  or  tixtyl 
Yf'iih  acetic,  bnlyiic,  ti\exiT\e,  WtnoW.  Mvl  other  ori;nuic  artdi^.  Ihr 
uiiiie,  with  eliuVamliou  ol  wiv\«r,  blw^V  «itti»^ww\  <a\\*4x%  tA\tA  ^bicfl 


lire  forme<1,  nnatcif^ous  to  the  mn»  nit  unifies,  A  nurobpr  of  theso  artificial 
glucosi'ies  Imve  been  propiired  by  UertljclMt,  who  regsirds  thum  as  deriva* 
iWea  of  */turoi(in,  CaU^^i)^,  becftust*  when  lie  si  led  wiih  alkalies  tliey  vieM 
gl*ico9ttn»  not  glycoae.  TLiia^  tUere  is  a  t;liicoj*o-butyric  ether  to  wliich 
lierilielot  ikSftigns  the  formula  f'^ngi^^HyQljUs,  and  an  acetk  etUer,  wlijcli 
he  rej^rdt  o»  neiaceto-ghicosan*  C,H^(C^llgOi^Oj;  but  they  are  merely  oily 
liquiiift,  vvhieli  are  very  diffjeiilt  to  obtain  |mre,  and  therefore  tbeir  analyses 
arc  not  mitcli  to  be  dependwl  on, 

A  conEiiJerablo  nnmber  of  bodies  of  similar  constitution  exist  ready- 
formed  in  plants,  many  of  tliem  constUiUiiig  the  bitter  pHneiples  of  the 
vegetable  kingdom-  None  of  these  naliinil  gbuiomtles  haTC  been  productHl 
artificially,  but  they  are  all  resolved  by  boiling  witli  dilute  acids  into  glu- 
CQ«e  and  some  other  eomponnd.  Wo  ghall  descrihe  some  of  the  most  im- 
portant of  these  bodies. 

Akscplin.  C^jK-^Oij,  is  a  crystalline  fluorescent  substance  obtained  from 
the  bark  of  the  horsecUoatuiit  and  other  trees  of  the  genera  AtsrtiliiJt  and 
Ptivia*  It  has  a  biuer  ta^tte,  is  sligbtly  soltible  in  water  and  alcohol,  moro 
soluble  in  the  same  li<]inds  at  the  boiling  heat^  nearly  insoluble  in  ether. 
It  is  colored  red  by  chlorine.  By  boiling  with  hydrochloric  or  dilute  sul- 
phuiie  iieid,  it  is  resolved  into  glucose  and  a  bitter  crystAllme  aubstaace 
culled  xMuUtin: 

C„ir„0„    +    30H,    =    2C.II,A     +     c,H,o, 


Aesculin 


GliJt:oj*e, 


jEsculelin, 


The  aqueous  solution  of  aesculin  is  highly  fluorescent,*  the  refleefed 
light  being  of  a  sky-blue  color-  Nearly  the  same  fluorescent  tint  is  exhi- 
bited by  an  infiinion  of  horse-chestnut  bark.  The  color  of  flic  latt(»r  is, 
however,  slightly  modified  by  the  presence  of  another  substance,  pariifit 
which  exhibits  a  bhie-green  fiuoresccnce:  if  may  he  separated  from  aescu- 
lin by  its  greater  solubility  in  ether.  Aesculin  and  paviin  appear  to  exist 
together  in  the  barks  of  all  speiues  of  Aturuiu^  and  Pavia^ — aesciiliu  being 
more  abundant  In  the  former,  ami  paviin  in  «hc  ktter. 

Amygt>alin»  r'j^H^NOj,  ,  SOU^.  is  a  crystalline  body  existing  in  bitter 
almomls,  ihe  leaves  of  the  cherry  laurel  (Cfrit^it^  itiurocerttitu*)^  find  many 
other  plant*  which  by  distillation  yield  hyurocyanic  acid  and  hicter-almond 
ojL  These  eompuiinds  ilo  not  exist  ready-furmed  in  the  phmts,  but  arc 
produced  by  the  decompo*Jlion  of  amygdoliu  under  the  influence  of  emiil- 
stn  or  synaptase,  a  nitrogeniied  ferment  likewise  exlaiting  in  the  plAuU 
The  decomposition  is  expressed  by  the  equation — 

C„H„NOn     +    20n,    =    C,H,0  -h    CNH     +    2C,H„0. 

Amygdalin.                                Bitter-  Hydro-          Gluooac. 

almond  cyanic 

oil.  acid. 

To  prepare  amygdalin,  the  paste  of  biiter-almonds,  from  which  the 
fixed  oil  has  been  exprefised,  is  exhausted  with  boiling  alcohol,  which 
coagulates  the  svnaptaae,  renders  it  inactive,  auil  dissolves  out  the  amygda- 
lin. The  alcoholic  liquid  is  distilled  in  a  wiiter-bath,  and  the  syrupy  resi- 
due is  diluted  with  water,  mixed  with  a  little  yeast,  and  get  in  a  worm 
place  to  ferment:  a  portion  of  sugar,  present  in  the  almonds,  is  thus 
destroyed  The  filtered  liquid  is  then  evaporated  to  a  syrup  in  a  water- 
bath,  and  mixed  with  alcohoU  which  throws  flown  the  amygdalin  ns  a  white 
crystalline  powder;  the  latter  is  collected  on  a  cloth  filter,  pressed,  redis- 
Bolved  in  boUing  alcohol,  and  lea  to  cool.     It  geparates  in  small  orystal- 

•  BtM  Liairr,  p,  91* 
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line  pUtes  of  pearly  whiteness*  which  arc  ino'lorous  itid  Uifurlj  t 
iL  is  deeompo^eil  bj  hral,  levying  a  bulkj  eon!*  and  diffusing  iho 
the  hawihiirn.  lu  wnter,  both  hai  and  cold,  v  _  '  '  n  iif  uenrlj  i 
ft  hot   saturated  Koluiioti  depof^its*  ou  coolii.  «    prtaniatic  e 

which   coutain  water.      Id  cold  alcohol  it   d,      .l      with   great   di 
Heated  with  dilute  uitric  ncid^  or  a  mixture  of  dilute  «ulphiiri«r  stfj 
nmngtinese  dio?Ltdc,  it  i»  resolrcd  into  limmonia,  bittcr-alinond  oil 
ttcid«  fnrriiic  iiefd^  and  carbonic  acid;   with  polasBium   pemianganatc,  ft 
jieldi?  u  mixture  of  poittj^aium  cy4tiiite  and  benzoate. 

SjnuptAse  has  never  been  obtiiined  in  ft  atatc  of  purity:  it  is  dcwrii 
ftS  ft  ^^ellowtHh-white^  opftque,  brittle  mass,  very  soluble  in  water,  nod 
agnUhle,  like  ulbuniin,  by  heat,  in  which  case  it  loees  its  ppr^  *^     -  -  . 
Ill  solution  it  tery  soon  becomes  turbid,  and  putrefiea.     Th^ 
of  amygdalin  under  the  influence  of  ihia  body  may  be  exi..  .    t^ 

flohing  a  portion  in  a  large  quautiiy  of  wnfer,  and  uddlng  a  hi  tie  einuUi 
of  sweet  almonda :  the  odor  of  the  Toliitile  oil  immediaiely  bccomei  ft] 
parent,  and  the  liquor,  on  distillation,  yiehla  hydrocyanic  acid. 

CiiirrNi  C,H,.,NO(,  is  the  substance  which  forms  the  elytra  and  integu-;^ 
men  IB  of  int^eci^  and  the  carapaces  of  crnstareans.     It  is  best  prepared 
boiling  the  wing-caaes  of  cockchafers   with   water^  ftlcohol^    ether,  ace 
acid,  lind  alkalies  in  succession^  as  long  us  anything  is  dissolved  out 
each.     According  to  Stiideler,*  it  is  resolved  by  boiling  with  dilute  acii 
into  glucose  and  Itu^tftmide : 

C,H,;JO,    +    20H,    =    C,R„0.    +    C.n^'O, 

Chiiin.  Glucose,         Lftctamide, 


Gallotannio  Acid,   C-H^jOj^   the  aoid   contained  in   the  ga11-ntil» 
Quertvs  in/ectoria  and   other   species   of  oaks,   otid   of  certain    species 
sumach,  is  a  giucostde,  resolved  by  the  action  of  acids  into  glucose 
gmllio  ftold : 


c^H„o^   +  4on,   ^ 


Glucose. 


+     8C,H.O, 
Gallic  ftcid. 


(See  the  cbapte 


G  alio  tannic 
acid 
It  will  be  described  in  connection  witJi  gallic  acid. 
Acrifis.) 

Gi,TCTiiiitti«rN»  rj^H^Oj;  Lt43ronrcK-Str.An, — The  rool  of  I  he  commo 
liquorice  yields  a  large  rjnatUity  of  a  peculiar  sweet  substance,  which 
soluble  in  wiiter,  but  refuf^es  («  cTyplalliie:  it  cjumot  be  made  to  fermenf. 
Olycyrrliiiin  formsdifficultly  sol ublo  compounds  with  acids;  it  is  precipitated 
from  ils  f^rdntioii  by  li-od,  osilciimi,  and  bftHTmi  salts,  the  preopitnle  coo 
sisting  of  glycyrrhiziu  in  combinatinn  with  the  base.  According  loGomjj 
Besnnci,  glycyrrhiiin  when  boiled  with  dilute  acids,  splits  into  a  resinou 
body  called  glycyrretin,  and  glucose. 

c„n-o,    +    on,    =    r„n«o.    +    r,n„o, 

01ycyrrhi*in,  Glycyrrelin.  Glucose* 

MmoNtc  Acii>,  Cu>Hj^NS,^0,rt.  an  acid  existing  as  a  polassium  salt  in  th 
Reed  of  black  mustard,  is  rcsoWed  by  the  action  of  f»vr*>jnii,  an  olbuminou 
feiment  likewise  contained  in  the  seeds,  into  Tola! tie  oil  of  ojustard  (all, 
BUlphocyanat.e)(  gluouse  and  sulphuric  acid : 


c,  n„KNS,0„    = 

PotrtBi*ium 
tnyronnto. 


CJLCNS 

Allyl 
sulpbo- 
cyanate. 


Glucose. 


Acid 

potassium 

sulphate. 


•  A&u.  Ch.  Pbarni.  cxI.  31. 
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PHLnRjzijTt  r.j,nj,0,-.2OHj,^ — Thh  t»  ft  »ub?tiinoo  bi?aring  a  groat  likeness 
to  salioiii,  roinni  in  luc  rorH-burk  of  the  upiile  nnd  t^bfrry-lrff,  ivn^l  px- 
Ir5icte4l  by  binting  alcolioL  Ir  forma  fine,  colorK*ai<,  nilky  ucerlles,  soluble 
in  ]tHM)  parti  of  eokl  writer,  bii!  freely  dissolvcMl  by  tliat  liquiii  when  hot: 
if  IB  alMj  soluble  wjiliDut  diffieitlfy  in  iik'ohol.  iJiliite  tit'ids  coiivfrt 
pbloriain  into  glucose  and  a  erystiilliiable  sweet  subslaoce  ciilltdj^hhnlifi: 

Pbloniin,  Gliieoae.  Phloruiin. 

PUlorismi  fused  with  potash,  yields  phiorftie  acid,  C^uj^O,,  a  b<jftulifullj 
crysLalliuG  acid,  houjuliugoud  willi  ttuliLjlie  and  unUic  acidu. 

QrKHCtTtus  ii!  n  crystalliinble  yellow  coloring  matter  occiirrmg  In  quercitron 
bark,  the  bark  of  Quercm  m/ecforiHf  whence  il  h  extracted  by  boiling  wit  h  water. 
lt«  cnimpositjon  has  been  variously  stated  ;  ioiileed  it  is  by  no  means  certain, 
tbflt  the  «?ci -called  quercitrins  examined  by  diflerent  eheiuists  were  really 
ideniieal  suhHtancea,  Aecordiiig  to  HlasiweljL  and  Pfaundler*  it  conlning 
C\^lljnO,,,  And  is  resolved  by  boiling  with  dilute  Qcid»  into  another  yellow 
crystalline  body  called  querc£{m,  jind  iaodulcitu  (p.  000): 

C„H„0„     +      OH,    =    a,H„Oa      +      C.lt  0, 
Qiiercitrm.  Quercetm.  Isodnlcite, 

Salioin,  CjjH„0^,  ifl  a  cryfitani7.*iblc  bitter  subatnoco  cotitaiBed  in  the 
lenTdfi  and  young  bark  of  the  pojdiir,  willow,  nud  several  other  trees.  It 
may  be  prepared  by  cxlruiatlng  the  bark  with  boiling  water,  concentrating 
the  solutioti  to  a  small  hulk,  digCHtinp  the  liquid  with  powdered  lead  o&ide, 
and  then,  nfter  freeing  the  Holuiion  frnni  lead  by  a  streatn  of  Bulphuretted 
hyilrogen  gn^^,  evaporating  till  the  sulleiti  crystallizes  out  on  cooling.  Ii  is 
puri^ed  by  trculinent.  with  auiintil  charcoal  and  re-cry slalliaat ion. 

Snlicin  forms  sinalU  white,  silky  needles,  having  an  intensely  bitter  tAste, 
but  no  alkoline  rejuitioii.  It  inebs  and  <iecompoj<eH  by  heat,  burning  with 
a  bright  flame,  and  leaving  a  reaidue  of  cliarcoub  It  is  soluble  in  5-1*  parta 
of  cold  water,  atjd  in  a  much  enialler  quunlity  when  boiling  hot.  Oil  of 
vitriol  color»  it  deep  red. 

When  distilled  with  a  mixture  of  ]>otftt«flUim  bichromate  nnd  dulpbuno 
acid»  it  yields,  among  other  product h,  a  yellow,  swcet-jtcented  oil,  culled 
^ftliryiol^  having  the  composition,  t',ll(Oj.  nud  ideritical  with  the  volatile 
oil  distilled  from  the  llowerji  of  the  JSj.Uriea  ulmuria^  or  common  meadow* 
aweet. 

SaUcin,  under  the  inflaenco  of  tbe  emulain  or  eynaptase  of  sweet  almonds, 
is  reaolvi^d  into  glucoiio  and  miit/am : 

c„H,,o,    +   OH.   =   r,n„o,    +    cji,Ti, 

BalictiL  Glucose.  Saligenin. 

Saligenin  forms  colorless,  nacreous  scales,  freely  soluble  in  water,  alco- 
bol,  «nd  ether.  It  melts  at  82°,  and  decomposes  at  a  higher  lempcraturo. 
Dilute  acidji  ut  boiling  heat  convert  it  into  *tiliretin,  t?^H,^0,  a  resinous  sub- 
Biance  differing  from  aaligcnio  by  the  elemenis  of  water.  The  same  Fub- 
stance  is  produced  directly  from  salicin  by  boiling  with  dilute  acids.  Many 
oxidizing  agents,  as  chromio  acid  and  silver  oxide,  convert  sfiligeoin  into 
salicylol ;  even  platinum  black  produces  this  effect,  Its  aqueous  solution 
gives  a  deep  indigo-blue  color  witli  ferric  aalta. 

Salicin  yields,  with  ckloiinf,  substitution-products  whicb  are  decomposed 
by  synoptase  in  the  same  tuaiiuer  as  ssdiciu  itself,  yielding  chlorosaligenin, 
C,ll,ClOj,  and  dichlorosaligeuin,  C^Hb^'I/*^     Dilute  niVnc  tfcrrf  converta  sali- 


4 


a 


•  Add.  Oil.  Pt»«rm.  ci.»ttl.  HOI. 
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cin  into  hcliciit,  helicoi'tin,  and  anilotic  n«id.     With  strong  nitTte  Mid,  fttft 
high  U*  rope  rut  lire,  nitromiltcjiic  ftei<l»  C^Hj(NO,)05,  '^  produced* 

PfipitLiN,  C^TI^O^,  is  a  8ub6iunu«  rvii^eiiibling  salicin  in  a|v|ii»ftr«n^  ntd 
flolubiliiy,  but  Iiaviog^  a  p^netrnttng  i«wi*et  rawie.  If  in  fouttil  Ain'oinpRtajiaf 
salicid  in  the  bark  unil  k-avea  ollUe  uApcn.  It  hiis  thv  ffir-  t  •  ^  of  bMr 
joyl-salicin^  C„lli,(r,l!j())(>,,  an<l  when  heated  wiih  dilui  rtisolf^ 

jiiid  benioio  ticsid,  and    ihe  products  of  dijcooipositiou   m:  ^  wuoAf^ 

nalireiln  and  glucoHo : 

c„H„(r  n^njo,  +  oh.  =  c,H,o,  +   c,H.o    +    c.h^ 

Popmiu.  Benioio        Saliredo.  Glucose* 

ACld. 

With  potas^iuin  biehriimftte  ftiid  sulphiu-lc  tcid,  popalin  jriclds  a  eoikfiider* 
able  «|uaiiti:ly  of  Bolicjlol. 

Helicin*  C|,U^^0^,  is  a  whitet  crystalline,  slighliy  bitter  aub«ri*]K«t  pr^ 
duoed  by  the  aeiioti  of  very  dilute  aiirio  acid  upon  salicin: 

^M^ifir    +     0    ^     OH,    +     C«n„0, 
Saticlu,  Helicin* 

It  Is  fdighdy  soluble  iti  cold,  freely  foliiblo  in  boiling  Wftt«^^  ami  is  r««9M 
by  th(;  action  of  Fynnptasef  or  of  acids  or  alkftlies  at  the  boiling  ht^  iol^ 
glucose  atid  salicylol : 

c  H^o,   +   on,  =   c,H.,o,     +    r,n,o. 

Hell  cm.  Olut»a«e»  SalicyloL 

Btnzohdkin,  ^-ijlj^^.  or  r,jn|jr^!|/>)0,,  prcnluced  by  the  ar 
dilute  nitric  acid  un  bi'tizo-salivitii  iti  rt^sol red  in  lik<e  maujicr  into 
acid,  Balicylol,  and  gliieosc: 

Hemo-  Benzoic         SaUoyloL  01uco«e. 

hetlcin.  acid, 

Soi^AKiNS  IS  a  cryHtnllinc  ba^o  occurring  in  Tarions  plants  of  the  »oIjib»* 
ceons  order,  especially  in  ihe  flower-iitalka  and  berries  of  ihc  woody  oig^t* 
shade  {Solanuvi  dvkamara)^  and  in  the  »hoots  or  germs  thrown  out  by  fir 
latocH  kept  in  colljir;*  during  the  winter;  it  may  be  extracted  from  ihtm 
shoots  by  walcr  ooiitaiitiug  n  little  sulphuric  acid.  It  probably  cootaiBi 
C^llfiNO^g«  and  is  rcHolved  by  boiling  with  dilute  acids  into  glucoae  alifl 
Molamdme,  which  is  ali^o  a  baiiio  compound  crystallizing  from  alcohol  in  loaf 
n^edlos: 

C^H„NO„     4-      3aH,     s     3C«H„04      4-       C-II«KO 
Bolanine*  Glucose.  Solaniditie^ 

Tiittjt?f*  C'3oH„Oi^  is  aglucoslde  occurring  in  the  green  parts  of  th^^  \  — 
icftii     Arbor  Vitio    {Thuja  occidtiitaiis}.      It    forms  shining,    K'niou 
mieroBCopic  cryatalw,   having  an  aptringent  taste,  and  soluble  in  u^ 
When  heated  in  skoholic  solution  with  hydrochloric  or  dilute  aulphuric 
acid,  it  is  resolved  into  glucose  and  tkiQeiin^  ^m^'h^^h* 

iC.B^O,.   +   40H,   =    2c,tr„n,    +    c,n»o^ 

When  heated  for  a  short  time  only  with  hydrochloric  acid,  it  yields  alM 
another  sub^tanro  called  fAiyVnm,  containing  (-*kiH«^0^^,  or  two  moleculef  of 
water  less  than  tKu|etin.  Thujin  ditjpolves  in  bnryla  water,  forming  1 
yellow  Holution«  which  when  heated  deposits  an  orange-yellow  precipitaU 
of  tht^Hic  aciii,  C^ll^j*»ij,  while  glucose  remuina  diaiolved: 

2C„1I„0„    +     01[,   =    2C,1I„0,    +    U,K„Om. 
AH  iht»e  compounds  ttr*s  cry^taUuit* 
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Xanthorbamnin,  C^TIj^Oi^,  a  crystftUi^ahle  yellow  coloring  itiAUer  ol>- 
tftiui'd  Crowi  Piirsian  or  Turkey  li(?rri«iH,  the  ueedd  of  aeverul  Bpeciua  of 
Hkamnn*,  is  resolved  b>"  boiling  wilb  dilyJe  jiciiiH,  in(o  glucose  Mid  rAa^w- 
ntlin^  i'liTlioO^,  wliieli  La  also  u  yeUow  cr^ijlulliue  HubaUucc: 

c«n„o.,   +   8oir,  =  2c,H„o,  +   c„h„o,- 

According  to  some  nutbonties,  xaiithorhamiun  is  Identical  witli  quercitrin^ 
and  rliamnctin  with  qiiercetin. 

There  ari?  a  few  compounds  which,  when  treated  with  dilute  acidH*  split 
up  similorlj  to  the  glucosldcs,  but  yitld  safchnriuc  etikstauces  differing 
ill  composition  from  glucose.  Tliui*  phloretiii,  ai=  already  oheerved,  \a  re- 
solved into  phlorelic  acid,  and  plilorogUiciii,  ('glV^j  I  p.  070),  wliich  differs 
from  glucose  by  SOHg.  lj;uereitriu  yieldj*  tjiiercetiri  and  isodulcitc,  <\H|/*fi, 
cotitaitiiog  two  atotiia  of  hydrogen  nmre  Ihun  glucose;  and  mdican,  <."j,ti3i 
NOj^,  yields  indiglucinf  CgllmO^,  containing  two  atoms  of  hydrogen  lesa  than 
glucose. 

LfmcAK  is  a  colorless  substance  existing  in  woad  {hnti§  tinfioria),,  and 
probsihiy  in  must  other  plaiii?*  which  yield  indigo-bhie.  It  likewise  occurs 
111  human  urine,  both  healtliy  and  diaoamcd,  and  when  proaeut  in  conflidGf- 
able  quantilyt  cauaeB  the  urine,  alter  apotitimeouB  fermetitatiou  or  addition 
of  acids,  to  depti-^it  ^omctiine^  indigo-blue,  i^ometimee}  a  brown  aubi^tanco 
isomeric  with  it^  culled  indirubin. 

luilican  is  decompo^^ed  by  dilute  aclda  into  indigo-blu.Q  (or  its  isomer, 
Indirubiu)  and  indiglucin : 

c-n„No„      +      2on,      =      c.iTj^No      +     /.c,n,A 

Indican.  Indigo-  Indiglucin. 

blue* 
In  contact  with  nqueoua  soda  or  baryta  it  is  resolved  into  iDdigluciB^  and 
a  yellow  uncrystalliiable  Bubi*lance  called  iudicanin: 

c^H„NO„      +      on,      =       r.n„o,      +      C„IT„N0„; 

Indican.  Indigbtom.  Indieanin. 

and  indicanin^  by  boiling  wlili  dilute  ftcids,  is  further  resolTed  into  indi- 
glucin &ud  other  products, 

Indiyhitin,  ^u^^iif^f^^  is  a  colorless  or  ligbt-yellow  syrup,  having  a  sligbtly 
sweet  taste.  Bolulde  in  water  and  alcohol,  hut  precipitated  from  the  alco- 
holic solution  by  ether.  It  i»  not  ferm  en  table,  but  (urn«  acid  hy  prolongcnl 
contact  with  yeast.  It  throws  down  cmprnus  oxide  from  an  alkaline  eupHc 
BoluiioD,  metallic  s^ilver  from  an  ammoniacal  subition  of  the  nitrate,  and 
gold  from  the  trichloride.  With  basic  or  nen I ral  lead  acetate,  on  addition 
of  aminonift,  it  forms  a  precipitate  containing  C|.^Uj8rb''0j,,  3Pb^^0. 


rOLYGLUCOSIC  AI>C0H0L9, 


The  compounds  of  this  group,  including  cane-sugar  and  other  hollies  more 
or  less  resembling  it,  may  be  regardetl  as  formc"!  by  the  combination  of 
two  or  more  molecules  of  gbicose,  with  elimination  of  a  number  of  mole- 
cules of  WAter,  less  by  one  than  the  number  of  gluco!*e  molecules  whicli 
enter  in  the  combination: 


l| «QLcr  ] 


^f^Jt^o,  ^   np 


Ci-jH^^n,,,  DigUicosic  alcohol. 
C,gll,/t,e,  Triglucosic  alcohol 


5^  HEX  ATOXIC   ALCOHOLS   AND   BTHERS. 

The  only  known  •''lofc':!*  .>f  this  ela«  mre  digfocorie  alcohoK  C,5llj«0„; 
but  ftarcb.  c*.iil'.*«f.  ani  ---'.Ii'r  iUn:-«'>itstituecis  app«ar  lo  be  'oxjgen 
etben.  or  mnbv-lri'l«.  of  p-/.Tr?ac^c  alcoholj  of  hi^lier  orders. 

Caam-tngMX  or  SaochuoM.  C.jH^Oi..  — This  Bi<n«:  nsefal  rabstanee  »  fonnd 
in  the  juice  of  maitj  uf  the  gr^?*rd.  in  the  tap  of  seTeral  fore«t-treei>.  in 
the  rxjt  of  the  beet  and  la^  lu^illov.  anl  in  sereral  other  planU.  MofI 
sweet  fruits  coiitHin  cane— u^kr.  t^-ceiber  with  inverted  vngar  (p.  577 W 
feoriie,  mn  walnuts,  La2'.-'.Dui.<<.  almon-i*.  c^.-ffee-beans.  and  St.  Jofan's-bread 
(the  fruit  of  C\ra'ohi-i  ^I'.iq'M  .  contain  onlj  cane-«npar.  Honej  and  the 
nnciart*  of  flower-  C'juiain  caue-sngar  tozetber  with  inverted  sugar;  the 
bujrur  in  the  nectars  uf  cac:u2>«^«  :*  almost  wholly  cane-«ugar. 

Sugar  U  extracte«l  uio?t  easily  and  in  greatest  abundance  from  the  rapir- 
can e  i Suf.rh //run  oj?iC4nurun  .  c i > It i vat cd  for  the  pury'0«e  in  m an y  t rnpical 
countries.  The  cane*  are  cru-hed  between  roller*,  and  the  exprc!*5et1  juice 
in  Huffcrcd  to  flow  into  a  large  vessel,  where  it  is  »IowIy  heated  nearly  lo 
itM  lioiling  point.  A  stniuU  qurintitr  of  s1ake«l  lime  mixed  with  wafer  is 
then  added,  which  occa:*ion«  tiie  {separation  of  a  coagulum  connim in g  chiefly 
of  earthy  phosphate!*,  waxy  matter,  a  peculiar  albuminous  principle,  and 
mechanical  impurities.  The  clear  liquid  separated  from  the  coagiilam  it 
rapidly  evaporated  in  open  pans,  heated  by  a  strong  fire  made  with  ihtt 
crushed  canes  of  the  preceiling  year,  which  have  been  dried  in  the  sun, 
atid  prcHcrved  for  the  purpose.  When  suflieienily  concentrated,  the  syrup 
in  transferred  to  a  shallow  vessel,  and  left  to  cryrfiallize.  during  which  time 
it  Ih  frequently  ugiiatcil  in  order  to  hasten  the  change  and  hinder  the  forma- 
tion of  large  cryntals.  It  is.  lai»tly.  drained  from  the  dark  uncrystalliiuble 
syrup,  or  moia*MrM^  and  sont  into  commerce,  under  the  n;inie  of  mur  or  J/wx- 
mviulo  HUgar.  The  refiniiig  of  this  crude  jiroduot  i?  eflTected  by  redissolv- 
ing  it  ill  water,  adding  a  quantity  of  albumen  in  the  shape  of  serum  of 
bliMiil  or  wliitf>  of  egg.  and  sometimes  a  little  lime-water,  and  heating  the 
whole  Iti  the  boiling  point :  the  albumen  co.igiilatos.  and  forms  a  kind  of 
network  of  1iln-e».  wliirh  enclose  and  separate  from  the  li(|uid  all  mechan- 
ioiilly  MUNpeiiilcd  impurities.  The  solution  is  dt^colorized  by  filtration 
tln-ixigli  nniiniil  rhnr«'o»l.  evaporated  to  the  cry «T}illizing  point,  and  put  into 
eoitii'iil  earthen  tnoiiMM.  where  it  solidifies,  after  ^o^le  time,  to  a  confusedly 
iM\f«iiilline  itiHNM.  whioli  is  <lrait>ed.  washed  with  a  little  clean  syrup,  and 
dned  tn  a  Htove;  the  proiliict  is  onlinary  lonf  xittfar.  When  the  crvMalliza- 
Intn  iM  allow  ml  to  take  place  quietly  and  slowly,  tvpar-arndtf  results,  the 
n-\vtrtU  uitdor  tlit'se  circumstances  acquiring  largo  volume  and  regular 
loiiu.  The  e\»poration  of  the  decolorized  syrup  is  best  conducted  in 
mii^mm:  ob'jte  boilevi*  o\liaiit*leil  of  air;  the  boiling  point  of  the  svrup  is 
lodotvd  \\\  ooMsoquonee  from  110°  V,  (2::0°  F.)  lo  ti5:j°  C.  (K.O°F.hor 
bi'i*^AX.  Aiiil  the  iiviuriouit  action  of  the  heat  upon  the  sugar  is  in  great 
tut^iMiie  pto>oiited  Imleeil.  the  production  of  molasses  in  the  rude  colo- 
tui*.  iM-ttttit'irioii'  i«  chiell\  the  result  of  the  high  and  long-continued  heat 
■*vv''»*d  i»*  »ho  c:*ne  juioe.  ami  might  be  almost  entirely  prevente<l  by  the 
Xi*.'  .M  xioiunit  pj*«v.  the  ]»rt»duot  of  sugar  being  thereby  greatly  increased 
«"t  .;\\ivi\(\.  ^\\\  >o  far  luiprovetl  in  qiuility  as  to  become  almost  equal  to 

^-'i    \v<^-.«,sl   :«|Mile 

V.t  \v*\'.\  )M(Mof  the  continent  of  Kurope,  sugar  is  manufactnred  on  a 
'.*»,■■.•  •,»','  OxMx»  beoi  vi»oi.  which  contains  about  8  per  cent,  of  that  sub- 
.  *v,^%       VJiv  pi\*o*»»»  1*  far  more  complicatetl  and  troublesome  than  that 

■  <..'s»  V.J  *Md  the  v;iw  product  much  inferior.  When  refined,  how- 
^».   .  ,   .    *«v,''\  u»  *»o  di'.tingui'sheil  from  the  preceding.     The  inlm>»it- 

-     '  s..    \\o«>otii   s«:Mi"*  \»r    America    prepare    «up;ir  in    con'sidernlile 

.-  "  ■  \  .\.  -I  ifio  « *p  ot  iho  '<o»:!»r-n)nple.  Acrr  fin'rhnrhntr/K  whioli  is  come 
•-.  ..    .^   ^'i.v.^<  (V.4U!.       the  uee  iM  lapped  in  the  spring  by  boring  a  hole  a 
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Ititlo  way  Into  the  wood,  and  inserling  a  small  spont  ifi  eonvpy  (ho  liquid 
iiilo  A  vessel  placed  lur  io  refleptioii.  This  ]7i  boiled  dawn  in  iiu  iron  pot* 
and  furniabtfj*  a  cuarnc  sugar,  wliicli  ia  c&lnmal  wliully  employed  far  dmitca- 
lie  |nirpo^C9«  but  little  finrrmg  its  wny  infi)  cfTmmercL>. 

Pure  sugiir  slowly  separates  from  a  strong  Bolutioti  in  Urpe^  tranapnTcni, 
colorless  crystftltf,  liaving  I  he  figure  of  u  modified  monotdiiiic  pri^ni.  The 
cry?<tftls  have  a  Hp*!cilic  gravity  of  lO*  and  ^re  nnchangeiible  in  the  nir. 
Suj^ar  has  a  pure,  sweet  taste,  is  very  acdiible  in  walcr,  requiring  ffjr  mdu- 
tion  only  one-lhinl  of  itM  weight  in  the  eold,  and  is  also  disanlred  by  alco- 
hoU  but'  lesii  easily.  When  moderately  bcuted  it  melts,  and  solidifies  on 
cooling  to  a  gUi^^-^y  am'irji-hotis  ma^is,  familiar  as  bariti/swfar. 

1,  Oine-Hngnr,  heated  a  little  above  ltitl°  i\  (H*2Q*'  f\),  iseonverled,  with- 
out loss  of  weight,  into  a  mixture  of  dcxtro  -  glucose  and  levolus^m  (p.  677J; 

At  a  higher  temperalurc,  water  is  jjiTcn  oflT,  the  dexiro-glucose  being 
probably  eouverted  into  gbicosiin  (p.  OTf*):  atterwjjrd,  at  ulioul  2R)^  C, 
^41*)'*  F, ),  more  water  goes  otF,,  and  a  brown  Bnbstance  culled  rttramtt  rO'- 
muiriH,  consisting  of  a  ininture  of  several  euinpoimds,  all  formed  IVom  i^ugar 
bj^  olimiuuiion  of  water.  At  a  wtill  hljjher  tem^vpniture,  nu  inflanimublo 
gASCuus  mixture  is  given  off,  consisting  of  carbon  monoxido,  niar^h-gas, 
and  carbon  dioxide;  a  dii«tilli!ite  is  obtained,  consist itig  of  brown  oils,  acetic 
acid,  acetone,  and  ftldehyde;  and  a  considerable  quantity  of  choreoal  re- 
mnins  behind,  Tht*  hrown  oils  cotituiu  a  amull  cjuuutity  ol/urfurijft  and  a 
bitter  Hub^tance  called  ams'imar, 

2,  By  prolonged  boiling  with  trn/tr,  cnne-j^ugar  is  converted  into  iftrerted 
sttjyar.  This  transformation  is  accelerated  by  the  presence  of  acids,  and 
apparently  also  of  certain  Bwibs-  Different  acids  net  with  various  degrees 
of  rapidity— mineral  more  «|ui€kly  than  organic  acids,  sulphuric  acid  nu>8t 
quickly  of  all.  When  sugar  h  boiled  even  with  very  dilute  acids,  especially 
if  the  boiling  be  long  continued,  a  number  of  brown  amorphous  priiwbietti 
are  formed,  called  uimin,  uhnie  itdd,*  &c,  ;  if  the  nir  hft8  access  to  the  liquid, 
formic  acid  is  likewi,se  produced.  Concentrated  hydrochloric  acid  dccom- 
posiea  sugar  very  quickly, 

Strong  sulphuric  acid  decomposes  dry  sugar  when  heated,  and  a  concen- 
trated solution,  even  at  ordinary  temperatures,  with  copious  evolution  of 
Btili^hurous  oxide,  and  formation  of  a  large  quantity  of  black  carbonaecoua 
matter.     By  thia  react  ion  cane-sugar  may  be  dii^tinguished  from  glucose. 

3,  Cane-sugar  is  Tcry  ea*iiy  oxidized.  It  reduces  silver-  and  mercury* 
salts  when  healed  with  them«  and  precipitates  gold  from  the  ehlorido. 
Pure  cuprtc  hy<lrato  is  but  slowly  reduced  by  it,  even  at  the  boiling  heat; 
in  prasenco  of  alkali,  however,  a  blue  i-olution  is  formed,  and  on  boiling 
the  li<juid,  coproui  oxi^le  is  slowly  precipitated  (p,  *S7^ ).  Oine-sugar  tnkea 
fire  when  triturated  with  H  parts  of  lead  dioxide,  and  [V»rms  witJi  poiassium 
ctilorato  ft  mixture  which  detonates  on  percussion,  and  burns  vividly  when 
a  drop  of  oil  of  vitriol  is  let  fall  upon  it.  Distilled  with  a  mixture  of  sul- 
phuric acid  and  manganese  dioxide,  it  yields  formic  acid.  Heated  with 
dilute  nitric  acid,  it  yields  saccharic  and  oxalic  acids.  1  part  sugar  mixed 
with  o  parts  nitric  acid,  of  specific  gnivlty  MM  to  I  30,  and  heated  to  50* 
C-  (1:22**  P.),  is  wholly  converted  into  sacdmnc  acid: 

•  Uitfler  tlio  onontia  ulmin  mul  ufmu-  >!--,,/  M:>vi*>  ln^^n  P.>nf<iiin<t*i1  n  titihiIxt  *>t  I'tuwri  orl^lw^i'k 
ttncr>--!tiillix.itil<i  'iili^tJinciN  pir>.|ii  lion  nf  ^Hiwerrnl  thiLMMinil  ttni'tili*  tij^m  ftiigMr, 

llijrilii,  Jk<  ,or  jff'n-r-4t<-d  hy  th-  |    .  ly  t.r  v*  ,.>t  ii»1"  t\hr<'.     C^iivooii  »?jirilft>  m*Htttt, 

for  exAmplf,  tr««tt<'<l  willi  «lliliil<',  '  in  of  r*nu*rji>  pot.uix  i,  yU-UU  n  <!■  -i'  l  r    wn  -^mIu- 

tloti,  tViMM  vfltlcli    !i' itls  ijr'N'ljfcihKti   ,1  iL..  .  liU  tit,  lir'>WTi  Hril»4t>iiici>.  hi^vlitij^  iMjr  fn 

of  »>laltillly  fti  w.itor.     Tfo*  h  u^iu^.r  iHy  niUi^d  ulmte  or  hutiitc  »*"M\^  mi't  IL^  im  rn 

the  roMclioTi  of  fivs  nlltJiti  im  tlw  ulfnin  <>r  httm%a  nf  t]i<vanU.     It  \*  kmiwn  tU  ■  '■■    iv 

r  •zcoodingt^  ia  coiapcHlllQu:  tb«y  ve  loo  Indetlaito  to  lutmU  Qt  T^MiA'f  Vw%ie«Xv4*k.\.W\x. 
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C,,R„0„ 
8ugiir. 


+     o, 


=       2C,H„0,       OE, 


At  tlte  boiling  hcat^  the  pr*)dwct  consists  chi^fl^  of  oxntio  aci^L  Toy 
eirong  nitric  ticid,  or  a  mixture  of  biroiig  nilrie  nad  «iu)phtirf<r  idf!<,  eaa^ 
ViiVis  Hiipar   into  mimsacchanjit^  probably  t'^3Hj^(NOj)^Oj|-      ,^  1>k*' 

wise  oxidiied  hj  chloride  of  lime,  but  iha  products  hnve  noi  b  ;c4. 

4-  rant'-sugar   dof«   Dot  t^frii   brown   when  trituriilod  w;  ,§ 

c1innictt''r  by  vvbich   it   is  diHtinguiBbed   from   glucose:    it  *  itb 

Ibtm,  however,  forming  compounds  called  fumttrs  hy  boiling  „...,  j^:-*jJI»- 
Ijc  it  u  decomposed,  but  much  more  silowly  (ban  the  gtuco^vs. 

Poingxium-  and  Sotlium-compoundt  of  CAUC-eugar.  C'ljHjjKOji  and  CJ^^ 
Naf>|,.  nro  formed,  n«  gelutinous  precipitales,  on  mixia^  an  aleoholi^  iolii* 
tion  of  cune-aiigar  with  polnnb-  or  sodA-lye. 

A  htiriwm'Compoum!,  C,^H^Ra^'0„  »  H,0^  or  C„H^O|i .  Ba"0»  is  oblaja«<t, 
&a  ft  crjstlallinc  precipitate,  on  adding  lijdrale  or  i>ulphii1c  of  barttini  eoaa 
nqvicous  solution  of  nugar.  U  may  be  crystalliied  from  boUiog  water,  l«t 
1:5  insoluble  in  ulcoboL 

Ctileium-compoundM, — Limc  dissolTca  in  (!UgiiT*water  mucb  r-r-  — .4iJ/ 
than  iu  pure  water.     The  sfilution  has  a  bitter  ta^te,  and  isi  i  i^ 

slowly  precipiijiicd  by  carbonic  acid.     Thercj  are  Ibrce  or  J  "it 

compounds,  which  may  b«  approxitnaiely  represeuted  by  tb«  followuig  for- 
mulae : 


1.  C,,n«0,i.Ca'^0. 

2,  2C\,H,^0„ ,  SCtt'^O  (?) 


8, 


.  SCa^^O .  2H/>. 


^0„  .  SCa''0. 


Mafffifsia  ami  i^d  oxide  arc  a1»o  dissolved  by  BUgar-wal^r*  A  ery^lalline 
lead-eoiripound,  Cj,JI|j,Vb",0|j»  h  precipittiled  on  mixing  ftti^ar-water  «ii^ 
neutrnl  lead-acetiite  and  ummoniti. 

8ugrir  iil?*o  form?*,  with  noditim  chlcndc,  a  crysialUne  compound  contiit* 
ingt'^^lly/),,.  NjiCI. 

Caiicf  ugar  is  noli  directly  fermentable,  but  when  its  dilute  aqtico^nfi  *<>1«*" 
tion  is  miacod  with  yeast,  and  exposocf  (o  a  warm  almoAphere,  it  ia  fiT*t 
rcHoivtMl  into  a  mixture  of  dextrose  and  levulose  (p.  077 j,  which  tkeu  9J^itS 
into  ferineniationt  yielding  nlcohol  and  carbon  dioxide, 

FaraBaccharosei  ^\JUfii\- — Thiu  19  an  isomer  of  CAnc-pugar,  prodno^di 
according  to  Jodin,"^  by  t^potitaneoua  fermentation.  An  aqu^ot}><  (lobition 
of  cane*!j>agar  containing  ammonium  pbo^phate  left  lo  it?«df  for  thn* 
months  in  Hummer,  yielded,  under  eircumstanecs  not  further  specified,  t 
crystuUijablc  sugar,  isomeric  with  aaecliuroHe,  together  with  an  amorpb 
Bugar  having  the  composition  of  a  glucose,  both  dextro-rotatory,  V 
succharo^e  is  very  Molublc  in  water,  nearly  inaohiblc  in  alcohol  of  90 
cent*  Ifg  specitic  rolfitory  power  at  ItP  =  -f-  ICW**',  appearing  to  inc 
a  little  with  riae  of  temperature,  It  does  not  melt  at  irw}**,  but  beeotnw 
colored,  and  iippears  to  decompose.  It  reduces  an  alkaline  cnprie  i>olnt»4in* 
but  only  half  as  etronply  a»  deilro-glnooNe.  It  18  not  pererr  '  '  ri»d 
by  iliUite  «iil]diuric  acid,  evi^n  at  UM>'>;  hydrochloric  acid  w»m  t%* 

tory  power,  turns  the  fiolutJon  brown,  and  heighieiia  il«  reducing  jptF»Ti.r  for 
cnpric  oxido. 

Melitote,  C*|JT;Mn„. — A  kind  of  pupar  obtained  from  the  manna  which 
fullH  iu  opa<jue  tiroes  from  various  (species  of  Kutnh/pfMf  growing  in  Ta*- 
iiuitrm.  It  i»  extract ed  by  water,  and  crys'tallilM  in  extremely  thin  inl*^- 
laced  noedlcH,  having  a  slightly  ftacoharine  (nxte. 

The  cryitaU  of  melitoi^e  are  hydrated,  coniaiiiing  ^f^^^jfin  •  80H,.  They 
giro  off  2  aiotna  vater  a-t  lOU**,  and  become  ntihydrou^  at  llJO^C.  (^tJ««  F.)* 
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They  dissolve  in  0  parts  of  cold  water,  very  eajsily  in  boiling  vvuter,  and 
dissolve  also  in  boiling;  nlfjoUol  move  freely  than  maniute,  Ttie  alcoliolio 
noKitiou  yi<?ldtj  small  but  vvt-VI-iieveloped  crystals.  The  aciticous  solution 
turna  tbe  plane  of  poUriiaLiou  to  tiio  right ;  for  the  transition  tint  [a]  = 
+  102°, 

Metirose*  licated  with  dilute  aulpkurio  acid»  is  resolved  into  a  ferment  able 
sugar  (proWbly  duxtroglucose)*  and  tion-farmentable  eucalyu  (p.  578). 
Melit^ae  ferments  in  coutuct  with  yea>5t,  but  is  rt-itolveil,  in  the  first  in- 
fitance,  into  glueose  nnd  cucaljn.  It  duCH  not  reduce  an  alkjiline  cupric 
solution  J  and  is  not  altered  by  boiling  with  ililme  alkalies  or  with  baryta- 
water.  It  ts  oxidised  by  tiitric  aci^U  yielding  a  certain  quantity  uf  muclo 
acid,  together  with  a  large  quantity  of  oxalic  aoiil^ 

Holetitosei  Cj^H^O^,, — This  variety  of  Bugar  ia  found  in  the  so-eaOed 
mauua  of  Briau^on,  whiob  exudes  from  the  young  shoots  of  the  larch 
(/.iir/x  Earopa^a).  The  toanna  is  exhausted  withaleohob  which,  when  evap- 
orated^  yields  moleiitose  in  very  small,  hard,  shining  efflorescent  crystals, 
which  give  off  4  per  cent,  of  water  when  heated,  melt  below  140**  without 
further  alteration,  forming  a  liquid  which  solidifies  to  a  glftsa  on  cooling* 
Melcxitose  is  dextro-rotatory;  [a]  =  -|-  941^.  It  dis.Holves  easily  in 
water,  is  nearly  insoluble  in  cold,  slightly  solnhlo  in  boiling  alcohol. 

Melexitose  deoom poses  at  about  200'*  C.  (2192°  F,).  It  is  earbonited  by 
cold  strong  sulphuric  acid,  quickly  turns  brown  with  boiling  hydrochloric 
acid,  and  forma  oxalic  acid  with  nitric  acid.  By  an  hour's  boiling  with 
dilute  sulphuric  acidj  it  is  converted  into  glucose.  In  contact  with  yeast  it 
passes  slowly,  or  sometimes  not  at  all,  into  vinous  fermeniati^m.  It  is  not 
altered  at  lOCP  by  aqueous  alkalies,  and  scarcely  by  potassio-cupric  tar- 
irate. 

Treboloia,  C|jTL^p,,.  2OII3,  is  obiaincd  from  Trthala  manna,  the  produce 
of  a  species  of  Echiuops  growing  in  the  Efist,  by  extraction  wilh  boiling 
alcohol.  It  forms  shining  rhombic  crystals,  containing  Cj^ll^t^i, .  20H^ 
which  melt  when  quickly  heated  to  lOU'^C.  (2*1S°  F.) ;  but  if  slowly  heated 
give  off  their  water  even  below  lt>0°.  It  has  a  strongly  saccharine  tasle» 
dissolves  easily  in  water  and  in  boiling  alcohol,  but  is  insoluble  in  ether. 
The  aqueous  solution  is  dextro-rotatory;    [*f]  =r    |-  11)9'^, 

By  several  hours*  boiling  with  dilute  !i4ulphurio  acid,  it  is  converted  into 
dextroglucose.  With  strong  nitric  acid  it  forms  a  dclonating  nitro-com- 
poand;  heated  with  dilute  niiric  acid  it  yields  oxalic  acid.  In  cotitact  with 
yeast  it  passes  slowly  and  imperfectly  into  alcoholic  ferment ui ion.  It  is 
not  altered  by  boiling  with  alkalies,  and  does  not  reduce  cuprous  oxide 
from  alkaline  cupric  solutions.  Herited  with  acetic  or  butyric  acid,  it  yields 
compounds  not  disiinguishable  from  those  which  are  formed  in  like  man* 
ncr  from  dextroglucose  (p.  677). 

Mycoidp  C,jII.jaO,,.  20IIj,  is  a  kind  of  sugar  very  much  like  irehalose, 
obtaine'l  from  ergot  of  rye  by  precipitating  the  aqueous  extract  of  the 
fungus  with  basic  lend  acetate,  removing  the  lead  from  the  tilt  rate  by 
sulph-bydric  acid,  evaporating  to  a  syrup,  and  leaving  the  liquid  to  crys- 
tallize, tt  difTera  from  trehalose  only  In  possessing  a  somewhat  feebler 
rotatory  power;  f«]  =;  4-  192-5°,  and  in  not  being  completely  dehydrated 
at  100°. 

Milk  ingor,  Lactin,   or  Laotoie,  CjjUjjOn  .  Oflj. — This  kind  of  sugar  is 
an  imporhint  con;^tituent  of  milk;  it  is  obtained  in  large  quantities  by  evap- 
orating H'A*fy   to  a   syrupy  state,  and  purifying  the  VaclofkC,  '^VvoiV  AwwVj 
cr^^stalliics  out,  with  naimal  charcoal.      It  lormft  wVvVc,  \TftiTV%^\x<iv>x!i.V,,  \w«- 
sideil,  tnmetric  prisms,  of  great  hardness.     It  \a  b\ovj  n.uOk  '^iA^^iViX'^  ^^  %^>^7 
Uoa  ia  cold  wAter,  requiring  for  that  purpoae  5  ox  ^  IvEOfta  \\»'^«a^'^*  "^ 


■J 


588 


HEX  ATOMIC   ALCOHOLS   AND   KTHERS. 


tins  a  fAint,  swcei  t.iste,  and  in  Ui^  solid  state  feel^  gritt/  between  th« 
When  liettte<L  it  loses  watoiv  and  at  a  liijujh  tempemture  bUeken*  ai 
compoEieH.     Milk-Biigcir  conibineji  witii  bn^es,  furmipg  canipQundls 
have  an  alkaline  ruactlun.  ami  arc  easily  decam posed.      Dilute  ncidi 
veri  it  into  galactoac  (p.  578). 

Milk-sugar,  when  distilled  with   oxidking  mixtures,   vucli   as  fiti1piii2ri< 

acid  and  niaiiganesc  dioxide,  yields  formio  aeid.     With  niiH V    *  d 

fnueic,  sacohario,  tartaric,  and  a  small  quantity  of  rac«^nitc  iatSy; 

03ialic  acid.  Very  strong  nitric  acid,  or  a  mixttire  of  iiitrn  ..._  .pl»af^ 
acids,  convcrta  milk-sugar  into  a  crjstatliiie  subsiitat ion-product  called 
nUro-laefin. 

Mllk-Bngar  is  not  brought  immediately  by  yeast  inlo  tbc  titate  of  ateo* 
holic  fermentation:  but  when  ii  h  left  for  some  lime  in  coutArrt  withyrxA, 
fermentation  grudusilly  sels  in.     When  fbecse  or  gltiteii   '  ]  im  the  f«r^ 

ment,  the  milk-sugar  is  converted   into  lactic  acid.      A  .  how«trr, 

always  formed  at  the  «ame  time,  es^pecially  if  no  chalk  i  ..  ,....i  to  neutrtl- 
ize  the  acid  ns  it  fonit^;  the  quaQtity  of  alcohol  forui^  13  greater  alsQ  U 
the  Bolulion  i^  more  dilute. 

0am.  —  Gum-arabie,  which   is  the  produce  of  feTernl   species  of  1 
may  be  taken  as  the  most  perfect  type  of  this  claw  of  bodi»«.      In  iia  ] 
and  tiiie»t  condition,  it  foruiR  nvhite  or  i<iigbily  yellowiab   irregubir  ] 
wliich  are  destitute  of  crystalline  ^iruclure,  and  break  with  a  »aD&«ll^ 
choiditl  fracture.     It  i«  guUihle   in  cold  water,  forming  a  Tii^cid^  adheaiNi^  ' 
ta»telesB  solution,  from  which  (he  pure  ftoluble  gummy  priaoiple^  or  < 
is  precipitated  by  iilcohol,  and  by  basic  lead  acetate,  but  not  by  the  ] 
acelate.     Arahin  id  composed  of   C,|ll^tjjj,  and  ia  coDseqneatly 
with  catio-giugar. 

Mnrilafff,  so  abundant  in  linseed,  in  the  rooU  of  the  malTow,  in  i«t/*y,  Ik* 
fleshy  root  of  Orchi*  masculii^  and  in  other  plants,  differs  In  aome  ir**Mt«M!i* 
from  gum-arabic,  although  it  agrees  in  the  property  of  dtifsoWhi 
water.     Tlie  solution  is  lv-9>$  Iruu^parent  than  that  of  ^oi^  and    i- 
tated  by  nctilral   lead   acetate*      (jum'tragntat^th  is  chiefly  com; 
kind  of  mucilage  to  which  the  tiatiie  basftorin  has  been  gtren ;   it   i 
dissolve  in  water,  merely  wijftcning  and  assuming  a  gelatinous  a>prt-L     11 
ia  diasoved  by  caustic  alcjili.      Ctfranin  ia  the  in!*oluble   portion  of  the  gvro    | 
of  the  cherry-tree:  it  rosemblos  bassorin.     The  composition  of  ffi"  ■-  r«--''- 
OUB  aubstanee^s  has  been  carefully  exti mined  by  Schmidt*  who  fin 
closely  agrees  with  that  of  Jiiarch,     Mucilage  invariably  contains*  f 
and  oxygeu  in  the  proportion  in  which  they  form  water,  and  when  tr«ate<l  1 
with  acid,  yields  glucose.  ' 

Pec/tn,  or  the  jolly  of  fruits,  Is.  in  its  physical  propcrlies.  do- 
to  the  foregoing  bodies.  It  may  be  extracted  from  various  vegetu 
by  precipitation  with  alcohoL  Ii  forma  when  moi^t  a  trunspar^ni 
which  is  SLilithle  in  Water,  taJitele.«s,  mid  dries  up  to  a  Iranslucciit  ma 
is  to  this  subslauce  that  the  6riD  conHisience  of  currant  atid  other 
jellies  ig  ascribed.  According  to  Fr6my,  the  composition  of  pec 
CjjlJ^gOj^.  By  ebnlliiioii  with  wnter  and  with  dilute  acids  it  is  chl 
into  two  (siimeric  modifications*  called  jtnroperfin  and  mftt^pt^tm,  \t%  c« 
with  bases*  these  three  substances  arc  convert e<l  inlop/r/iV  ctid,  C^-U^CJ 
which  chjscly  rev^-titblcs  pectin,  except  that  it  possesses  feeble  acSd  pr 
ties,  and  is  insoluble  in  water,     lly  long  boiling  with  caustic  alkalt,  ' 

ther  change  ts  produced,  and  tnffrfprrtif  a^cttl,  <'    "    '^     '  '^    ■-  '' ^-^ 

does  not  gidatiiijjKo.     The  metallic  pectati'S  a? 
liKHble.     Much  do«ht  still  exists  respecting  H»  ^ 

bodies  of  the  pectin  gvou\>;  but  from  the  analyses  hitherto  made,  they  do 
lJt»t  oppear  to  oonta\ti  bj'dr^i^*".^  ^tvv\  f>T.^^«u'\v^\\\<6  v^ti^v^^nlon  to  form  waiett 
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0XYGKN-STHEB8.  OB  ANHYDRIDES,  OF  THE  POLYti LUOOStC  ALCOHOLS. 

Tbese  cnm|iouQiISf  which  are  importanl  constittictits  of  tliC  tegef hblc  or- 
ganism, miiy  bo  <k' rived  from  glucose  and  the  pulyglucosic  alcohols  by 
ab.itruction  of  a  uiolcculo  of  wutcr: 


C.H„0. 
Glucose, 

Diglu  cosmic: 
alcohol. 


—     lU}     = 


—     H,0 


—    H,0 


Triglucosio 
alcohol. 


CieHajjO^,  or  ZC^U^fi^ 


/r^iua. 


All  IbesG  bodien  are  therefore  ieomeric  or  polymeric  ooe  with  the  olher. 
Tbdr  com  pounds*  with  iiietullic  oiide»t  kc.^  buvo  Dot  teen  imfficieiitly  in- 
Testigated  to  fix  their  e£uct  uuileculur  Aveight,  or  to  delormjne  in  each 
omae  the  vnlite  of  n  ;  but  from  the  uLoile  of  cutivernion  of  starch  iiitu  glu- 
OOBet  and  the  ootiatitution  of  certain  s^ubsiiE^utioii-produeti^  obtsiiiiud  by  ih© 
action  of  oitrio  acid  on  oelluloso^  it  appears  most  probable  ihut  m  theH« 
boilied  rt=3. 

Starch,  RCifl^^n^,  probably  ^laH^Ojj,  also  called  Ftnthi  and  Amufittr. — 
Thifl  is  one  of  tbe  iiKtwl  important  and  widdy  difln^ed  of  the  vcfi^elalde  proi* 
iDiate  principles^  being  fontid  lo  a  greater  or  less  extent  in  every  plant,     U 
ia  most  abnndant  iu  oerluin  rooti^  and  tubers,  and  in  s*ot1  wtemn :  fieeds  ofteu 
eontuin  it  iti  lar^re  pliant iiy*     From  These  sources  ihi*  starch  can  be  obtained 
by  rasping  or  giinding  the  Tegefablc  8trueture  to  pulp,  and  washing  the 
tnasa  upon  a  sieve,  by  whifh  ihe  torn  cellular  tissue  is  retained,  while  the 
oi«reh  passes  through  with  tbe  liquid,  and   ev*'ntujilly  settles  down  from 
the  latter  as  a  soft,  while,  infioluble  powder,  which   may  bo  washed  with 
cold  water,  and  dried  ai  a  very  gentle  heat, 
Po[atoes  trcate<l  in  this  manner  yield  a  lar^^o 
proportion  of  starch,    Slnreb  from  groin  may  ho 
prepared   in  the  same  manner^  by  rtiijting  the 
meal  with   water  to  a  paste,  and  washing  ilie 
|nat<a  upon   a  E<ieve :  a  nearly   white,  Jrii^ulyble 
mibslance  called  i/lnttn  >s  then  left,  containing  a 
large  proportion  of   nitrogen,     Tlie  gluten  of 
wheat-flour  is  exiremely  tenacious  and  elai^tic* 
The  value  of  meal  as  an  article  of  food  greatly 

epends  upon  this  sub&iwnce*  8tareh  from  groin 

I  commonly  manufactured  on  the  large  scale  by 

Iteeping  the  material  in  water  for  a  corif^ider- 
^ble  time,  when  the   lactic  acid,  alway**  deveU 

ped  under  such  circumstances  from  the  augar 
br  the  seed,  disintegrates,  and  in  part  diijsolvea 
'he  azolized  matter,  thereby  greatly  facilitating 

tie    meehimirul  aeparation   of  that  which  re- 
iins.    A  still  in»»re  L»asy  and  successful  process  has  lately  been  vtilt^^^eft^ 
in  which  a  very  dibite  pidufion  of  caustic  soda,  coiUivuvm^  ^\>(j\x\. *lWi  ipWvtA 
jif  &}kuU  to  A  gaUoti  of  /tqrdd,  is  employed  \*Uk  Uic  fttvmfe  V\ftv«-    1LTJtii>\s>ts»^-j 
■'"    ch  Js  dius  prepared  troiu  rice.     Su&roh  ia  iiuoVu\>i«  Vn.  <i<M.'«*^ft^%^'*^ 
&0 
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iiidceii  it*«  mod©  of  preparation  suSicictitly  shows:  it  Ls 

in  iileohol   ami  other  liitinUs,  nhich  tto  not  effect  its   d» 

Ihe  nuked  t'yc  it  presents  the  uppearuncc  of  a  soft,  whii 

toiling  pfiiviJer:   iintler  the  niicroseope  it  is  seen  to  be  al 

of  crywtallinii  Btruciurt*,  but  lo  posj^csi*,  on  tlie  contrary^  « 

tatiau,  bein^  luade  up  of  multitudes  uf  Utile  rountli'il   tran^pAreol 

upon  each  of  wbicli  a  series  of  depressed  parallel  rings,  anr 

cttnlTJtl  spot  or  hiluni,  muy  oft^-ii  be  traced.     The  8tarch-g^rii»ul«0  f rov  i 

ferent  plants  vary  bgtU  in  uiagniluilo  and  fornt:   lho«i4}  from  llie  tV 

cinM,  or  tout  h*  moi$,  and  potato  being  largest ;  and  those  from  wla««tt  i 

the  cereaU  in  general,  very  niiieh  Bmaller.     Figure   j'^m  will  aiTre  to  i 

\ej  tin  idea  of  the  appearance  of  ihu  granules  of  potato-starch,  liighljri 

nifieil. 

When  a  mixture  of  staroh  and  water  is  heated  (o  near  this  boil 
of  the  latter,  the  granuleti  burst  and  disappear,  producing,  if  th« 
tion  of  i^larch  be  considerable,  a  Ihiek  gelatiuouH  mass,  very  glja 
escent,  from  the  ah  red  a  of  fine  nivnibrune,  the  envelop©  of 
granule.     By  the  addition  of  a  liirge  *iinintity  of  water,  ^^ 

^tareh,  or  amidin^  may  be  so  far  diUited  u$  to  pa»!i  in  great  nieasu^n 
iiliei"-piiper.  It  i»  very  doubtful,  however^  how  far  the  Fubstancc  itself  il 
really  soluble  in  water,  at  least  when  eld;  it  \»  uiore  likely  to  be  mvn\f 
suMpendeil  in  the  lir|iiid  in  the  form  of  a  swollen,  transparent,  and  in^^•hlW* 
jelly»  of  eitretiae  tenuity,  tjchitinous  starch,  exposed  in  a  thin  laytfrtol 
dry  atniosphel-e*  becutnes  converted  into  a  ycUowinb,  horny  subetonccv  lilt 
gitm,  wbich,  when  put  into  water,  ng»in  softens  and  swella. 

Thin  gelatinous  sturiih  is  preeipitated  by  many  of  the  metallic  oxidei^ 
as  lime*  baryta,  and  lend  oxide;  also  by  a  large  addition  of  tilcohoU  /•* 
ffiMon  of  ffaiU  throws  down  a  eopioud  yellowish  precipitate  eoniaioing  tiJh 
nie  acid,  which  re-rlist$olve!j  when  the  solution  is  heiitciL  liy  far  lli«  i&iMl 
characteristic  reaction,  however,  if*  that  with  free  iWtn^,  u!-'- K  r...*....  ^\%\ 
starch  a  deep  indi^o-bUie  cotupound,  which  appears  t**  r« 

water,  alihuujih  it  is  insoluble  in  ftolutlous  conlnining   \\^  ue 

niatler.     The  blue  liquid  has  its  color  deRtroycd  by  heat,  teiuporurily  tl  tlit 
heat  be  quickly  withdrawn,  iind  permanently  if  the  bojliug  be  l^ug  < 
linued,  in  which  case  the  coinpouud  is  decotiipitsed  and  the  ioiliti^i 
isted.     Dry  f^tarcb,  put  into  iodine-water,  acquires  a  purpli»h-bljicll 

The  unaltered  and  the  gelaiinous  t^tarch,  in  a  dried  state,  have  i 
empirical  formula,  t'^M,,/\.     A  compound  of  starch  and  lead  oxid 
found  to  contain,  when  dried  at  lOU^  C^lljgOa .  PbO,  or  Cj^U^pO^ 

Dkxtri?!. — ^When  gelatinous  starch  is  boiled  with  a  tmall  quantJtj  of  d{^ 
lute  sulphuric,  hydrochloric,  or  indeed,  itltuost  any  acid,  it  speedily       ^ 
its  oonsiijitcncy,  and  hecomes  thin  and  limpi<l,  from  having  suffered  con 
fiion  into  a  soluble  guin-like   (tubstance,  called  dextrin,  on   account  of 
dextro-rotatory  action  on  polarised  light.     The  experiment   is  tnosi 
reniently  made  with   s^ulphuric  aeid,  which  may  be  afterward  withd. 
by  saturation  with   chalk.     The  liquid  filtered   from  the  nearly  iusoli 
gypsum,  may  then  be  evaporated  to  dryness  iu  a  wnter-bath.     The 
is  a  gum-like  mass,  destilule  of  crystalline  structure,  soluble  in  cold  wats#y 
preoipi table  from  its  solutiou  by  alcohol^  and  capable  of  couibining  witli 
leaf  I  oxide. 

When  the  ebulUtiofi  with  the  dilute  add  is  o<»ntmued  for  a  edntldermUt 
time,  the  dextrin  first  formed  undergoes  a  further  ehange,  and  biK'oi 
converted  into  dextro-glucose,  which  con  be  thus  artiliciairy  produced  wl 
Ui«  greatest  facility.  The  length  of  time  required  for  this  remarkal 
dmngc  depends  upon  Ibc  f\\iftu\l^  of  acid  present;  if  the  latter  he  t( 
uiuM^  it  is  uecestiar^  to  cctuVVuu^  \.Vift  \k^^u%  i&K«k^  «ui&^^i&«\x«  Uo 
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placing  the  water  which  eTaporates,  With  a  larpfr  proporMon  of  hchU  the 
convcrsioQ  is  much  more  spefily*  A  mixturL^  of  lo  jmrii*  of  poiato-stiirch, 
60  partii  water,  anti  i\  parts  fiiilphurie  acidj  may  be  kept  boiUiig  for  about 
fmir  houra;  the  liqiiiil  neiitrttliied  with  chalk,  fillerwd,  and  rapidly  evapo* 
mtcifi  to  a  small  bulk.  By  iligt^stion  wiih  animal  charcuwil  and  a  second 
liltrattQiif  much  of  the  color  will  be  remove<lt  after  which  the  solution  may 
be  boiled  down  to  a  thin  syrnp  atidi  Itfft  to  cryatullize :  in  the  courwo  of  a 
few  days  it  solidi^ea  lo  a  masa  of  glucose.  There  is  another  method  of 
prepariojf  this  substance  from  starch  which  deserves  parliculttr  uotice. 
Oerminiatitig  ^eedi^  and  budi*  in  the  act  of  dcYelopment*  are  fonud  to  con- 
tain a  gmail  quantity  of  a  peculiar  anoiiKed  suhglarjce,  called  diaxtaur:  formed 
at  this  particular  period  from  the  glutun  of  Tegelable  albuminoua  matter. 
This  subtflttiice  possesses  the  same  curious  properly  of  effect iiig  the  conver- 
sion of  atarch  into  dextrin  and  glucose^  and  iit  a  much  lower  temperature 
than  that  of  ebullition.  When  a  little  infusion  of  malt,  or  germinated  bar- 
ley, in  tepid  water,  is  mixed  with  a  large  quantity  of  thick  f^elntinouH  i>«tnrcli^ 

|%nd  the  whole  maintained  at  about  71**,  comploto  liquefaction  takes  platio 
fn  the  apace  of  a  few  minutes  from  the  production  of  dextrin  and  glucose. 
""  a  greater  degree  of  heat  be  cmployeil,  the  dini«tase  is  coagulated  and 
endered  insoluble  ami  inactive.  Very  little  is  known  respecting  diastase 
Itself;  it  seeuiH  very  much  to  resemble  vegetable   albuntiii,  but  has  never 

ibcen  obtained  in  a  state  of  purity. 

The  change  of  starch  or  dextrin  into  sugar,  whether  produced  by  the 
ctipn  of  dilute  acid  or  by  diastase,  takes  pkce  quite  iudependeuily  of  the 

^oxygen  of  the  air,  and  is  unaccompanied  by  any  secondary  product.  The 
cid  takes  no  direct  part  in  Ihc  reaction;  it  may,  if  not  vohttilc.  bo  all 
frithdrawn  without  loss  after  the  experimcuL  The  whole  reaction  lies 
Btween  the  starch  and  the  elements  of  water*  a  fixation  of  the  latter  oo- 
Burring  in  the  new  product,  aa  will  be  seen  on  comparing  the  composition 
of  starch  and  glucose.  Dextrin  iliseir  has  exactly  the  aaiu«  composition  oa 
lie  original  starch. 

It  was  formerly  supposed  that,  in  tbe  aclion  of  aeids  or  of  disastasc  upon 
tarch,  the  jitarch  is  first  c^UiVcrttMl  inio  dextrin  by  a  mere  alteration  of 
physical  structure,  and  that  the  dextrin  then  lakes  up  the  elenierils  of 
vatcr,  and  is  converted  into  gluco^^c,  this  second  stage  of  the  process  oc- 

t'Dupjr'ing  a  much  longer  time  than  the  first  ;  but  from  recent  experiinenta 
Ijy  MiisculuB*  it  appears  that  both  dextrin  and  glucose  are  produced  at  the 
rory  commencement  of  the  reaction,  and  always  in  the  proportion  of  1 
molecule  of  glucose  to  2  molecules  of  dextrin,  whence  it  may  be  inferred 
that  the  molecule  of  starch  contains  ( 
glucose  and  dextrin  by  taking  up  a  molecule  of  water: 

+      on,      =      c.ii,A      +         ,  ._ 

Glucose.  Dexlnn 

When  the  conversion  is  effected  by  a  dilute  acid,  the  dextrin  is,  after  sev- 
eral hours'  boiling,  completely  converfed  into  glucose^  which  is  therefore 
(the  sole  ultimate  product  of  the  reaction.     But  when  diastase  is  used  as 
iic  converting  agent,  tbe   production   of  glucose  goes  on  only  so  long  us 
|[4here  is  any  unaltered  starch  si  ill  present,  the  dextrin  undergoing  no  fur- 
ther alteration. 

Dextrin  is  uned  in  tbe  arts  as  a  substitute  for  gum ;  it  is  sometimes  made 
in  the  manner  above  described,  but  more  frequently  by  heating  Ary  polalo- 
9lareh  to  4tXP  C.  {~'^2°^  F, ),  by  which  it  acquires  a  yellowish  tint  and  be- 
eoQiOB  soluble  in  cold  water,  it  m  sold  in  this  state  under  the  tiaue  of 
Mfifi^h  (jHin. 

Starch  is  an  important  article  of  food,  capecUUy  when  associated,  aa  in 

•  GomptM  Itondaii,  I.  T86 ;  Uv.  194  •,  Aaa.  Ch.  Phyi,  S^\  \x.  W^;  \^\  "(^^^^  • 
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ordinary  meal,  with  albuminoiiR  suUstances,     ArrowTrtof,  ma^  Ih*  f^cnK 
ihvi  Vanna  cotdnfa^  are  very  pure  vjiritiica,  etiiploye<i   as  uniclcn  iA  «ii< 
lirrowroot  is  obtaine*!  from  Ihe  M'trnnta  nrundmacra,  eiiltiT&t^  in  th*  Wi 
Indies;  it  is*  willi  rlifficiiltj*  distingtiiNhetl  from   pQlHlo^ptarrh  — ^  T^i^o^] 
preiuvretl   from  nJic  root  of  the  Jatropha  manihol^  heing   llinrouphlj! 
from  i tut  poisiono us  juice.  —  CaAAai'ii  i»  the  ^nme  »ubHlanre   modtfi 
iBoisi  by  beat.— 5*//o  is  mn<le  from  Mie  soft  eenrr»l  portioa  of  U:k«| 
ft  pulm  \  and  8alq>  from  the  detiby  root  of  the  Orch*s  muueui^ 

Stabch  fbok  Iceland  Mo»8t^ — Tbe  lichen  called  Cefmria  I»i4tmfimt  | 
£ed  by  u  little  cold  fiulutiou  of  potii^b  from  n  bitter  ptinciplQ^  yields. 
boiled  in  water,  a  slimy  and  nearly  color lei^a  liquid,  whicli  ^el»tinite«  < 
cooling,  aud  driea  up  to  a  yelioMrisli  aniorphouji  iii&s^,  which  doc« 
solve  in  cold  water,  hut  merely  softens  and  avvelU.  A  solution  of  lhi«i 
itunce  in  warm  wiiter  is  not  affected  by  iodine^  although  the  jeUj  is  ; 
dereil  bhie.  It  is  precipitated  by  alcohol,  lead  acetate,  and  infusion  of  i 
and  in  converted  into  gltjco^io  by  boiling  with  dilute  sulphuric  acid, 
cording  to  Mulder,  it  contains  't^liiA**!'  The  jelly  from  certain  ^Igt^^i 
that  of  Ceylon,  and  the  so-called  Carraffh^en  awta^  oloaeLjr  reaembiu 
aboire. 

Infltn.  — Tbis  substance,  which  differs  from  common  slarrh  in  nM 
important  pnrticubiFB,  is  found  in  the  root  of  Inula  H'lrnivm,  Uftiantkta 
fifr<i*tijf^  ilnhlin,  and  several  other  plants:  it  may  bo  entity  obtained  by  wi 
ing  the  raspefl  rooL  on  n  sieve,  and  allowing  the  inoltn  to  set  lie  dunn  froi 
the  licjuid;  or  by  cutting  the  root  into  thin  slices,  boiling  these  lu  wati 
and  filtering  while  hot;  tho  inulin  septirntefl  as  ibe  solution  coola.  It  i 
white,  amorphous,  lastele^s  eiibslance,  nenrly  insoluble  in  cold  vrater, 
freely  diMsolvea  by  the  aid  of  heat;  the  golulion  la  precipitated  by  alcob 
bttt  not  by  acetate  of  lead  or  infusion  of  galls.  Iodine  colors  it  bro« 
Innlin  baa  the  eame  percentage  conipo^it ion  aa  common  -ttaroh.  Ifjboili 
with  dilute  acids,  it  is  completely  converted  into  levulose  (p.  57T) 

Cell al Ofe»  nr^H,flO J,  probably  r J, II 3^0,5;  also  called  Li^nin, — This 
stance  coustitutCH  the  fundttiiienial  material  of  the  structure  of  pl«nU;l 
i«  employed  in  the  organization  of  celU  and  vessels  of  all  kindlt,  and  fon 
a  large  proportion  of  ihe  solid  parts  of  every  vegetable.  It  must  not 
confounded  with  li^ntouM  or  vroody  tisrue,  which  is  in  reality  cellulose  »l 
other  subfttances  superadded,  incrue^ting  the  walls  of  the  original  me 
branouH  cells,  and  conferring  stiffness  and  inflexibility.  Thus  woody  tiatfl 
even  when  freed  as  nuirh  as  po«j*ible  from  coloring  matter  and  resin 
repeated  boiling  wi(b  water  and  alcohol^  yields,  on  analyai?,  ft  result  iadi 
ciiiing  an  excels  of  hydrogen  above  that  required  to  form  water  wilh 
oxygen,  besides  traces  of  nitrogen.  Pure  ci?llulosef  on  the  other 
has  the  same  percentage  composition  as  starch.* 

The  properties  of  cellulose  may  bo  conrcnieotly  studied  in  fine  ]] 
ftnd  cotton,  which  are  almost  enlircly  com|>oecd  of  ibv  body  in  quefti 
the  associated  vegetable   principles  having  been  removed  or  deelroyed 
the  variety  of  treatment  to  which  the  fibre  has  been  subjected.     Pure  eel 
lulosc  is  Lasteletjs,  ini^oluble  in  water  and  alcoho),  aud  abe^olutely  ionutri^ 
tious;   it   is  not  8cnj*ibly  affected   by  boiling  water,  unless   ii   tiappens 
have   been  derived   from  a  soft  or   itnperfectly  developed   portion   ol 
plant,  in  which  case  it  is  disinlegraled  and  rendered  pulpy.     Dilute  ac 
and  alkalies  ciert  but  little  action  on  lignin,  even  at  a  boiling  tempe 
ture;  strong  oil  of  vitriol  converts  it,  in  the  cold,  into  a  neiirly  rolorli^ 
mlhuaiire  Huh&t4Uice,  wUicb  diaaolves  in  water,  and  preaenta  the  ohmrftolcrs 


Uri*       , 
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CELLULOSB. 


of  dtxtrin.  Tl*i8  curious  and  intcre&tiii|r  experiment  may  bo  conretiiently 
mftde  by  very  slowly  ntldiug  concern  rat t'd  sulplnirie  acid  to  half  its  weight 
of  lint,  or  linen  cut  into  amull  shreds?,  taking  cure  to  avoid  any  rise  of  tem- 
perature which  would  be  itttendi^d  with  charring:  or  blackening.  The  mix- 
ing i»  eonijpUHed  by  tritiiriiti{)ti  in  a  morhir,  aud  the  whole  left  to  Bland  !k 
few  h<mr» ;  after  which  it  is  rubbed  up  wiih  wa(or»  wjirnied^  and  Hit e red 
from  a  little  insoluble  matter.  The  t^ohition  maj  then  be  neutralized  witli 
ohatkt  and  again  filtered.  The  gummy  Tuiuid  retain!*  lime,  partly  in  the 
state  of  ttulphate^  awd  pnrtly  in  t'ombitiutiori  with  3u1pholigni«  acirl,  an 
acid  compoHed  of  (he  eletiientu  of  gulphuriu  acid,  in  union  with  tho^^e  of 
cellulose.  If  the  liquid,  previous  to  neiitrnlissfllion,  be  boiled  durin(^  tlire« 
or  four  hours,  and  the  water  replaced  aa  it  evaporatea.  the  dextrin  beeouies 
entirely  changed  to  gtueose.  Linen  rags  may,  by  these  means,  be  made  to 
fDrnisb  more  than  their  own  weight  of  thiit  (?ub««tiiineo.  If  a  piece  of  un- 
Biied  paper  be  dipped  for  a  few  seconds  into  a  mixture  of  2  volumes  of  eon* 
eentrated  ^Uilphurio  acid  and  1  volume  of  water,  and  then  thoroughly 
Washed  with  water  and  dilute  ammonia,  a  substance  is  obtained  which 
reaembtes  pareliment,  and  bftj?i  the  iiame  composition  as  cellulof^e;  it  occura 
in  commerce  under  Ihe  name  of  pareliriient  paper  fpapyrin).  An  excel- 
lent application  of  this  substance  in  diffusion  experiments  la  mentioned  on 
page  Hi». 

Cellulose  di^soWes  in  an  ammoniaoal  iiolntion  of  cupric  oxide  (prepared 
by  di^Holving  basic  cuprie:  carbonate  In  alronj^  ammonia),  from  which  it  is 
precipitated  by  acids  in  colorless  flakes* 

Cellulose  is  not  colored  by  iodine. 

XTLoinm  AKi>  Ptboxthn. — When  starch  is  mixed  with  nilric  acidof  flpe^ 
oific  gravity  1*5,  it  in  conv^erled,  without  disengagement  of  gas,  into  a 
lran>parent,  colorless  jelly,  which,  when  put  into  water,  yielila  a  white, 
curdy.  in!*oluble  subalance :  Ibis  is  xtjthtvtin.  When  dry,  it  is  while  and 
tii**teles??,  insoluble  even  in  boiling  water,  but  freely  dij*solve<l  by  dilute 
nitric  acid,  and  the  solution  yields  oxalic  acid  %vhc'n  boiled.  Oiher  sub- 
etances  belonging  to  the  same  tshws  also  yield  xyloldin ;  paper  dippinJ  into 
the  strongest  nitric  acid,  quickly  plunged  into  water,  and  ahcrward  dried, 
becomes  in  great  part  so  changed  :  it  assumes  the  apperiranoo  of  purdi* 
ment,  and  acquires  an  extraordinary  degree  of  combustibility. 

If  pure,  finely  divided  ligneous  matter*  aa  cotton-wool,  be  steeped  for  a 
few  minules  in  a  mixture  of  nilric  acid  of  ap.  gr.  1*5  and  conoeniraled 
Bulphuric  ueid,  llien  squeeied*  thoroughly  washed,  and  dried  by  very 
gentle  heat,  it  will  be  found  to  have  increased  in  weight  about  TU  per  cent., 
and  to  have  become  highly  explosive,  taking  fire  at  a  temperature  not  much 
above  14'J'^C-  (300^  F.),  and  burning  ^vithout  smoke  or  residue.  TliiB  is 
pyrorylin,  the  gun-eottoti  of  Professor  Schonbein. 

XyluVdin  and  pyroxylin  are  subsiitur ion-prod ucta  consisting  of  starch  and 
cellulose,,  in  which  the  hydrogen  is  more  or  less  replaced  by  nilryl,  NOj. 
Xyloldin  consists  of  C^II/NO^)!  J  or  Cjjr,-(  NOjV/),j.  Of  pyroxylin'several 
Tarieties  nro  known*  distinguished  by  their  ditlercnl  degrees  of  stability 
and  solubility  in  alcohoU  ether,  and  other  li^juids.  According  to  Hadow,* 
Ihw  tliree  principal  varieties  are: 

«. — *'t4'La<^**2V^i5*  ^^  *y^(N*^iV\  insoluble  in  a  mixture  of  ether  and 
atcohob  bill  soluble  in  el  hylic  acetate.  It  ia  produced  by  repeated  immer- 
mon  of  cotton-wool  in  a  mtxiiire  of  2  molecules  of  nitric  acid,  NO,H,  2 
moleotiles  of  oil  nf  vitriol,  St>^H.„  an<l  three  nioleeufes  of  water. 

&. — **|(iHi2(N0j)/>,,,   soluble  in  ether-alcohol,  insoluble  in  glacial  acetto 

♦CheoL  ftrir.  Joamnl.  y|L  201.— A  Anrfos  of  cUi»nTRt<*  an«l  ihi\hi\\>V>  XftmiaaStM^  «»  1?n^- 
cottoti  hii«  n^f'ntljr  bovtt  pubUshtHt  fc/  AM  (Prociii^.  iUiyid  fioc.y  x^,\5M\  Cft»Ka* %».  ^ -N^^' 
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acid.     Produced  when  the  fteid  mixture  conUioa  hmlt  »   molecule  moft 

wiitcr  thnn  in  a, 

y. — Oj^H^f  N0j),0,5  (Gln4Btone*9  cottnn^TyloTfitn\  Boliible  in  ether  «tid  ift 
gliicial  neutic  acid.  I'roduced  when  the  acid  mixture  cg&Utt&a  one  mole- 
cule more  water  than  in  «. 

The  first  of  these,  which  consists  of  trimtrocellnlovt^  is  the  most  eiplo- 
Bive  of  the  three,  and  the  least  liable  to  spoiitaneouB  decomposition. 
the  only  one  odapted  for  u^e  iu  gunnery,  iind  is  especially  di^flintnii^hi 
*'guti-coUon/"     From  the  cxperimenta  of  General  Ton   Lenk.  of  tbc 
trian  scrTiceJl  appears  thai  to  itisurc  (he  uniform  production  of  thi^ 
ticular  compound  the  foUowiug  precautions  are  necessary: 

L  Tbe  cleansing  and  perfect  desiccatjon  of  the  cotton,  pfr-  H» 

immersion  in  the  mixed  acids. — 2,   Tlie  employment  of  the  s'  Ai 

procurahle  in  coinmercc. — 3.  The  Fteeping  of  (he  cotton  in  n  iw-n  -irung 
mixture  of  acids  after  the  first  immersion  and  purlial  conversion  intogtu>- 
cotton. — 4.  The  continuance  of  the  steeping  for  forty -eight  hours. — h,  Tbe 
thorough  purification  of  the  gun-cotton  thus  produced  from  every  tmee  of 
free  acid,  by  washing  the  product  in  a  stream  of  water  for  several  we^ki; 
subsequently  a  weak  solution  of  poi^ush  may  b«  used,  but  tlils  la  not  esiCfl- 
tial. 

The  solution  nf  tbc  less  highly  nitrated  compounds  in  atcohol  and  etiier 
ia  called  coUodion,  This  solution,  when  left  to  evaporate,  dries  up  qaieklr 
to  a  thin,  transparent,  adhesive  membrane:  it  is  eaiployed  with  great  ti- 
vantAj^e  in  Hiirgirry  as  an  air-tight  covering  for  wounds  and  bums.  It  il 
also  largely  used  in  photography  {p.  %), 

OlyoogeOf  nCftI]f,,Oj«  was  obtained  by  Bernard  from  the  liver  of  severtl 
anlmiiis  (calf  or  pig)  by  exhaustion  with  water  and  precipilaiing  with 
boiling  alcohol.  The  precipitate  is  purified  by  boiling  with  dilute  pot- 
ash, repeatedly  dissolving  in  strong  acetic  acid,  and  precipitating  hy 
alcohol.  Glycogen  also  enters  largely  into  the  composition  of  most  of  tM 
tissues  of  the  embryo.  The  muscles  of  foetal  calves  of  three  to  seven 
months  have  heen  found  to  yield  from  2l)  to  50  per  cent,  of  it. 

Ttlyco^rcn  is  a  wlute,  »morphoui>,  stjireh-like  substance,  without  od^ir  sr 
taste^  yielding  an  opalescent  solution  wiih  water,  but  in^duble  in  aleotrat 
It  does  not  reduce  an  alkaline  solutlnn  of  copper.  This  subaiance  does  aot 
ferment  with  yoast,  but  Is  converted  into  glucose  by  boiling  with  dilute  acidly 
or  by  contact  with  diaatosci  pancreatic  juko,  saliva,  or  blood. 


OEOAHIC  ACIDS. 

ORGAinC  ACIDS,  or  carbon  acids,  are  derived,  as  we  have  seyeral 
times  had  occasion  to  obserre,  from  alcohols,  by  the  substitution  of 
oxygen  for  an  equiyalent  quantity  of  hydrogen  (0  for  H^ ;  in  fact  they  are 
often  produced  directly  from  alcohols  by  the  action  of  oxidizing  agents. 
Now  the  formula  of  an  alcohol  is  deriyed  from  that  of  a  hydrocarbon  by 
substitution  of  one  or  more  equivalents  of  hydroxyl  (OH)  for  an  equal 
number  of  hydrogen-atoms,  the  number  of  such  substitutions  determining 
the  atomicity  of  the  alcohol  (p.  508^,  that  is  to  say,  the  number  of  its  hy- 
drogen-atoms that  can  be  replaced  oy  a  monatomio  alcohol  radical  or  acid 
radical,  and  in  some  cases  by  an  alkali-metal ;  in  other  words,  the  number 
of  ethers  that  an  alcohol  can  form  with  a  monatomic  alcohol  radical  is  equal 
to  the  number  of  equivalents  of  hydroxyl  contained  in  its  molecules;  thus 
glycerin,  which  is  a  triatomic  molecule,  yields  three  ethylic  ethers : 

CHjOH  CH.OCjHg  CHjOCjHg  CUfiCfi^ 

CHOH  CHOH  CHOH  CHOCA 

CH,OH  OH,OH  CHjOC-H^  CEfiCJS^ 

Glycerin.       Mono  ethylin.         Diethyun.  Triethylin. 

The  hydrogen  thus  replaceable,  ealled  typie  hydrogtn,  is  that  which  i» 
combined  with  the  carbon,  not  directly,  but  only  through  the  medium  of 
oxygen. 

The  number  of  acids  which  any  alcohol  can  yield  is  equal  to  the  number 
of  times  that  the  group  or  radical,  CH,OU,  enters  into  its  molecule ;  and 
the  passage  f^om  the  alcohol  to  the  acid  consists  in  the  substitution  of  0 
for  H,  in  this  group,  or  in  the  conversion  of  CH,OH  into  the  acid  radical 

CH, 
COOH,  called  oxatyh     Thus  ethyl  alcohol,   I  ,  which  is  monatomio, 

CH,OH 
CH, 
can  yield  but  one  acid,  namely,  acetic  acid,   i  ;  but  ethene  alcohol  or 

COOH 
glycol,  which  is  diatomic,  yields  two,  viz.,  glycoUic  and  oxalic  acids: 

CH,OH  CH,OH  COOH 

CH,OH  COOH  COOH 

Ethene  Glycolllo  Oxalic 

alcohol.  acid.  acid. 

Further  observation  shows  that  the  htuicity  of  an  organic  acid,  that  is  to 
say  the  number  of  its  hydrogen-atoms  that  can  be  replaced  by  metals  to 
form  salts,  is  equal  to  the  number  of  equivalents  of  oxatyl  contained  in  it, 
or,  in  other  words,  to  the  number  of  hydrogen-molecules  (H,)  that  have 
been  replaced  by  oxygen  (0),  in  the  immediate  neighborhood  of  hydroxyl 
fOH),  to  convert  the  alcohol  into  an  acid.  Thus  from  ^TO^%Vkft-^^<i.<:X> 
CgHgO,,  are  derived  the  two  diatomic  acids,  \acx\c  aLCvOi,  CJiX^v  ^^^^  '^'^ 
moaobaaic,  and  maloaio  acid,  C.H  .0^,  which  ia  Vib&viQ  •. . 
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CH.OII 

I 
CO, 

CllfiU 
Propeno 
gljcoL 


ORGANIC  ACIDS. 

CHjOH 
I 

I 
COOH 

LjL4!liO 

aoid. 


COOH 

COOS 
acid. 


The  atomicity  of  tin  acid  in  ihe  niinic  as  Uiat  of  the  alcohol  from  mYikl 
it  itf  dvriveii  ;  tlius  luetic  ticid,  thoti|r1i  It  cotiUiin^  only  one  atom  Of  bMie  hj- 
ilrogcn,  and  therefore  fortiiH  oiilj^  one  chiiiA  of  metatlic  9a1t«,  reprettB<iM| 
by  the  forniuk  i  jlIjO,Mt  cun  form  two  eth^Uc  ethers,  vii.,  etliyl^lACtM Mii 
(kiid  diethyl-lactate  i>r  ethyMuclaie  ;  t.hu9; 


cn,oii 

OH, 

COOH 

Lricticjicid 
{monobasicj* 


cc 


MOH 

EthyMactic 

acid  ("niooo- 


CTIjOC.ITj 

Clf^ 

I 

COOCjfT^ 
Diet  Lytic 

luctat<^ 
(neutral). 


From  these  considerations  it  appeani,  that  monatomic  acids  musi  neccit- 
e&rily  he  monobasic^  but  dtatomtc  acidfi  may  be  either  luoiiobatio  OfT 
bibttHia ;  triatomic  acidw,  either  nionohasic,  bibasic,  t>rtriba«ic;  »ndt^<MU 

?^fiiny  of  tlie  most  important  acida  are  derived,  in  the  munnrr  abore  fi- 
plained,  from  actually  known  nlcohols ;  oUiers,  though  tb«»y  have  no  iJc©" 
bola  actually  correftponding  to  tbetn,  arc  honiotogouA  wiih  other  acidt  4^ 
riired  frotii  known  atcohob:  hut  thero  i8  also  a  conniderable  number  of 
acids,  especially  thcHc  furuied  in  the  vegetable  or  animal  orgajuisni,  whiel 
cannut  bo  regarded  as  derivatives  of  alcohols  of  any  known  aericf ;  bti 
the  number  of  iheae  unclassified  acids  wilt  donbtle^t*  diminish  as  their  com* 
posilion  and  reactions  become  more  thoronglily  known. 

Thet^c  acids  may  ali?o  be  regnrdeda^compoundsof  hydroxy)  with  oiygcAp 
atcci  radicals  (acid  radicals)  formed  from  ilio  corresponding  •lcQbol-n4^ 
cats  by  substitution  of  O  for  H^  or  as  derived  from  one  or  more  moleculfi 
of  wnu^r  (eiccording  to  their  atom  icily  )^  by  tsubstitution  of  such  rmdiedi 
for  half  tho  hydrogv^n  in  the  wmt«r  ;  f/y., 

Tffpe, 


I 

I 


^*\o 

Water, 

Water  (2  moL) 


Ethyl  alcohol 


'■■J'"}" 

Acetic  acid. 


H 
(C,H.) 


Propuno 
glycol. 


H 
(C^H^O) 

Lactic  acid. 


}» 


(C.HA)"}o, 

Malonic  acid. 


In  theso  typical  formula  of  polyatomic  acids,  thft  typie  or  alcoholic  ^y- 
drogen   {replaci^nble  nnly  by  alcoholic  or  acid   radicals )i,  is  placed,  t 
tincfitm.  above  the  acid  radical:  and  the  baBic  hydrogen,  replaceable 
by  melaJn  or  alcohol  radicals,  below. 

The  jicid  radicals  are  denoted  by  names  ending  in  ffl,  formed  from  tho»* 
of  the  Hcids  themselves:   thus.  CjiljO,  the   radical  of  acetic  add,  la  called 

The    rcphiCCUitui  of  0\c  b5dvQT.^\  Vu  ima  tM:v4  \>^  Oe^taxviafcA^TOinine,  4pr_ 
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iodine,  gWes  rise  to  acid  chlorides,  &c. ;  thus  from  atetic  acid,  C,H30(0H), 
is  derived  acetic  chloride,  C,H.0C1,  &o.  The  replacement  of  the  hydrogen 
within  the  radical  (radical  bydrogen)  by  the  same  elements,  or  by  the  rad- 
icals, CN,  NO},  NH,,  &c.,  gives  rise  to  chlorinated,  brominated,  oy^anated, 
nitrated,  and  amidated  acids  (see  p.  469).  Lastly,  the  replacement  of  the 
typic  hydrogen  by  alcohol-radicals  gives  rise  to  ethereal,  salts  or  compound 
ethers ;  and  its  replacement  by  acid  radicals  yields  acid  oxides  or  anhy- 
drides (p.  469).  The  deriTatives  of  each  acid  will  be  described  in  connec- 
tion with  the  acid  iiselt 


MONATOMIC  ACIDS. 


These  acids,  being  derived  from  monatomio  alcohols  by  substitution  of 
O  for  H,,  necessarily  contain  two  atoms  of  oxygen.  Each  series  of  hydro- 
carbons yields  a  series  of  monatomio  alcohob  and  a  series  of  monatomio 
acids;  thus: 


Hydrocarbons. 
C.H„ 

CnHjn_4 

&C. 


Alcohols. 

CnH,„+,0 
CnH,,0 

CuH^jO 
&c. 


Acids. 
CafltoO, 
CoH^-,0, 

&c. 


The  best  known  monatomio  acids  are  those  belonging  ta  the  sertes 
CnH,»0^  Callja-^Oy  CnHte^,0,,  and  CaHta^i^jOy  Of  the  other  series  only 
a  few  terms  have  hitherto  been  obtained. 

1.  —  AeidB  belonging  to  the  leriet  C.H^O^  or  €„H,n-iO(OH). 

These  acids  are  called  fatty  or  adtpic  actda,  most  of  them  being  of  an  oily 
consistence,  and  the  higher  members  of  the  series  solid  fats.  The  follow- 
ing is  a  list  of  the  known  acids  of  the  series,  together  with  their  melting 
and  boiling  points. 


Nome, 

IfortnujA. 

Milttn;  fioiiit 

Bdlll  Appoint. 

Formic  acid  . 
Ae«tlcw:{il 

» 

H-i»  C.     m^  F.) 

+170"        |ei="S 

100*  a    (212°  P.> 
141  o  M     Ug^fp  ** 

Pni^iQtik  Acy       , 

Ojir^ 

BqtyrieKid      , 

SIJ5!. 

beiuw— apa{-4Pi.) 

IftP  ^«     (B-220  ■* 

Tuleric  ocia  . 



IT&o"     (347^** 

Cajmilcwrli]      . 

C^iAi 

-f£P  0.       C41«^-> 

lOSO"     f^aflO"* 

lEmtittli^lk  IICI4  . 

CT"uOt 

— , 

mao'*     rtH«" 

C»|jryJkiUJia    .       -       . 

CtlliA 

+14«*C.       \ht^W.\ 

2aflO«     J4J-0.* 

reloTfc^uic  9£U    , 

c^ni,o. 

+18^  -  f     f64«  -  S 

aeoo  «    (WOO  u 

Ktitlc  or  Ofiprio  idd 

CiflH,A 

_                       ^m 

I^qricacld  .        .        . 

^i^^GA 

Hjrlilia  Kilt    .       ,       , 

Ci4lt^ 

I'blmllicaeJd       .       . 

t£P*         1+4^  «  ^ 

m^  "I     140O  "  i 

Harprk  Kid  ,        .        . 

0>|fIluCI| 

et«i1cr*di  ,        .        , 

c,^"^ 

Anobftftc  iidd 

r*ll^:3 

Rfliwilo  id4         .        . 

o»ii5s 

T«°"        lflo»'*) 

C«uttQWid       .        .        . 

^ICl\ 

7So,«      Jn3»**( 

M«-LL«k  uM         ,        . 

<^n^\ 

980  *i       ^11^,0  «  J 

These  acid^  ma/  be  represented  on  the  maTBh-ga»  i^l^^  tovdiQii^^^^^A^^ 
ijpe  by  the  following  formulsB : 
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Manli-gfta .  .  C 


Tifpe,  Add, 

fH 
H 
H 
H 


I  OH  0=rC— OU 

Water  .  •  J  }  0  ot  HOH  (C.H^-iO)'  |  q  ^^  (C,H,^O)'0H. 


If  in  cither  of  these  formuloB  we  make  n  suocesaiTelj  equal  to  1,  2,  S»  fte^ 
we  get  the  formulse  of  formic,  acotio,  propionic,  &c.  acid;  thus: 

fH  fCH,  fC,H,  rC,H,  rC^H. 

I  OH  (oh  I  oh  I  oh  (oh 

Formic.  Acetic.  Propionic.        Butyric  Valerie. 

The  acid  radicals  CnH.B-iO,  in  the  water-type  formulsB,  maj  be  rmrded 
as  compounds  of  carbonyl  with  alcohol  radicals,  CbH^_iO  =  CO((V-iHjB_t), 
and  accordingly  the  several  acids  may  be  represented  as  follows : 

COH|o  CO(CH.)Jo  CO(C.H,)Jo4c 

Formic.  Acetic.  Propionle. 

All  the  acids  of  the  series  containing  more  than  three  oarbon-aioma  admit 
of  isomer io  modifications,  according  to  the  constitution  of  the  alcohol-radi- 
cal which  they  contain:  butyric  acid,  C^HgO,,  for  example,  may  exhibit  the 
following  modifications : 

Normal  butyric  acid.  Isobutyric  acid. 


ClI, 

1  H,CCH, 

cn,CH,cir,  CH,  cH(CHg),         V 

Uor         I  I  or        CH 

H  CH,        0=C— OH  I 

I  0=C— OH 

0=C-OH 

But  none  of  these  acids  can  exhibit  modifications  analogous  to  the  second- 
ary And  tertiary  alcoholH:  because  in  them  the  carbon-atom  which  is  asHo- 
ciuttnl  with  hydroxyl  has  two  of  its  other  units  of  equivalence  satisfied  by 
an  atom  of  bivalent  oxygen,  and  therefore  cannot  unite  directly  with  more 
than  one  other  atom  of  carbon.  Accordingly,  it  is  found  that  the  second- 
ary and  tertiary  alcohols  are  not  converted  by  oxidation  into  acids  contain- 
ing the  same  number  of  carbon-atoms  as  themselves. 

Occurrence,  —  Most  of  the  fatty  ocids  are  found  in  the  bodies  of  plants  or 
animals,  some  in  the  fk'ee  state:  formic  acid  in  ants  and  nettles:  Taleric 
acid  in  valerian  root ;  pelargonic  acid  in  the  essential  oil  of  PeJargonium 
roaeum:  and  cerotic  acid  in  bees' -wax.  Others  occur  as  ethereal  salts  of 
monatomic  or  polyatomic  alcohols:  as  cetyl  palmitatc  in  spermaceti:  ceryl 
cerotatc  in  Chinese  wax;  glyceric  butyrate,  palmitatc,  stearate,  &c.,  in 
natural  fats. 

Formation.  —  1.  By  oxidation  of  the  primary  alcohols  of  the  methyl  series, 
as  by  exposure  to  the  air  in  contact  with  platinum  black,  or  by  heating  with 
aqueous  chromic  acid.  —  2.  By  the  oxidation  of  aldehydes,  in  this  case  an 
atom  of  oxygen  is  simply  added;  e.  g,,  CJI^O  (aldehyde)  -f  0  —  C-ILO, 
(acetic  acid). 

Z,  By  the  action  of  carbotk  dVoxV^e  on  \\i«  '^Q>v«jse\Mx&.  ^t  v^xafv^^m-^^^nA 
of  an  alcohol-radical  of  tbe  meib;^\a«tv«%\  ^^Ma, 
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CO, 

Carbon 
dioxide. 


CH^a 

Sodium 
methide. 


cn, 

COONa 
Sodiam 
acetate. 


4.  By  the  action  of  alkalies  or  acids  on  the  cyanides  of  the  alcohol- 
radicals;  CbH^^^:  thus, 


C.H^rhi 

CN 

Alcoholic 
cyanide. 


KOH 

Potassium 
hydrate. 


and: 


Alcoholic 
cyanide. 


HCl 

Hydrochlorie 
acid. 


OH, 
Water. 

20H, 
Water. 


""         COOK 
Potassium-salt 
of  fatty  acid. 


NHg 

Ammo- 


I     "^      +     NH-Cl 
COOH 
Potassium      Ammonium 
salt.  chloride. 


In  this  manner  the  cyanide  of  each  alcohol-radical  yields  the  potassium 
salt  of  the  acid  next  higher  in  the  series,  that  is,  containing  one  atom  of 
carbon  more;   methyl  cyanide,  for  example,  yielding  acetic  acid,  ethyl 
cyanide,  yielding  propionic  acid,  &c. ;  thus, 
CH, 


L 


KOH 


OH,       = 


CH, 

COOK 

Potassium 

acetate. 


KH, 


Methyl 
cyanide. 

6.  By  the  action  of  water  on  the  corresponding  acid  chlorides;  e,  g.^ 

C,H,Oa        +        HOH        =        Ha        -t-        C,H,0(OH} 
Acetyl  Acetic  acid, 

chloride. 

Kow,  these  acid  chlorides  can  be  produced,  in  some  instances  at  least,  by 
the  action  of  carbonyl  chloride  (phosgene  gas)  on  thecorresponding  par- 
affins ;  *  thus,    . 

HCl        -I- 


CH4 
Methane. 


Quartane. 


COCl, 
Carbonyl 
chloride. 

COCl, 

Carbonyl 
chloride. 


^     Ha 


c,H,oa 

Acetyl 
chloride. 

c.H,oa 

Valeryl 
chloride. 


By  these  combined  reactions,  therefore,  the  pai^affins  may  be  conyerted 
into  the  corresponding  fatty  acids. 

&  By  the  following  reaction,  the  fatty  acids  may  be  built  up  one  from 
the  other,  starting  ft-om  acetic  acid.f    Ethyl  acetate,  treated  with  sodium, 
giyes  up  one  atom  of  radical  hydrogen  in  exchange  for  that  metal: 
CH,  CHJ^a 

1\  -f       Na,       =        21    "^  +       H, 

C00C,H,  COOC,H^ 

Ethyl  MonoBodic 

acetate.  aihy\  ac«la.U. 

^  ^^.^^^^'^^^^'f  ^nn- <^- Phiitn.  cxxrri.  \aL. 

f  7>inaiaiN/ ADd /Hgjfw,  Froo«ed.  IU>7. 8Q0.  sit.  \W,  UA\  x«^^^ 


The  six  modes  of  formation  al 
made  bo.     There  fire  n\»o  speoitil 
the  scries,  but  m  mottt  of  thesio 
traced;  thus  formic,  acetic,  prop! 
dueed  by  ihe  oxidaLion  of  ^Ibuiuiq 
tubaUtioes:  propiouic  lind  hutyritj 
ncetic  neid  by  ihe  destiracttve  d| 
AUbstaiices^ 

Proftf^tit*.  —  Moat  of  the  fatty  aoil 
parent  nnd  colorless  liquidii;  forniil 
aeid  and  I  he  higher  acids,  up  lo  pell 
those  above  it  are  solid  at  ordinary  f 
tulline  fat»;  ccrotic  And  mcUiiBic 
fipecting  the  table  on  page  5U7,  it  vri| 
these  acid^  differ,  for  the  most  part,  1| 
Cli,.  There  are,  however,  a  few  cxce| 
arise  from  the  cxisitence  vf  isomeric 
formic  and  aceiic  aeid«,  however,  w\ 
catiDDB,  differ  by  only  IT**  C.  (»iP  F.) 

UtactioTu,  —  L  When  the  faity  tcij 
eenl  oitf^en  evolved  by  electrolysis,  ill 
is  resolved  into  water  and  carbon  dii 
Croc ;  thus, 


t 


+        0 

Valeric  add, 

2.  When  the  ammonium  salt  of  eitl 
phorie  oxidi^  it    gives  Up  wiij. 
lUcohol-radioilj 
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ftnd  tbe  aldehyde,  treated  with  nascent  hydrogen,  U  o<mT«rted  into  a  pri- 
mary alcohol : 

CH,  CH, 

I  +               H,              =                 I 

COH  CHjOH 

Aldehyde.  AleohoL 

4.  By  subjecting  the  barium  or  calcium  salt  of  a  fatty  acid  to  dry  distil- 
lation, a  similar  decomposition  takes  place,  resulting  in  the  formation  of  a 
kttwM  : 

(COCH,).Jo^      =      CO(CH,),      +       COiC*''; 

Calcium  Acetone.  Calcium 

acetate.  carbonate. 

and  the  ketone,  treated  with  nascent  hydrogen,  yields  a  seeondary  alcohol : 

CH«  HgC  CSL 

I  +  H,  =         V 

COCH,  CHOH 

Acetone.  Secondary 

propyl  aloohoL 

By  these  reactions,  the  fatty  acids  may  be  converted  into  alcohols. 
6.  The  fatty  acids,  heated  with  alcohoU  in  sealed  tubes,  yield  compound 
ethers,  or  ethereal  salts,  water  being  eliminated: 

'C.HtO(OH)    +     HOCjH,    =    OH,    +    C^H^O(OC,HJ 
Butyric  Ethyl  Ethyl 

acid.  alcohoL  butyrate. 

The  conversion,  however,  is  never  complete,  a  portion,  both  of  the  aoid 
and  of  the  alcohol,  remaining  unaltered  in  whatever  proportion  they  may 
be  mixed. 

The  ethereal  salts  of  the  fatty  acids  are,  for  the  most  part,  more  easily 
obtained  by  acting  upon  the  alcohol  with  an  acid  chloride,  or  by  passing 
hydrochloric  acid  gas  into  a  solution  of  the  fatty  acid  in  the  alcohol: 

C^H^OCl    +    HOCjH,    =    HCl    +    C^H^OrOCjH,) 
Butyric  Ethyl  Ethyl 

chloride.  alcohol.  butyrate. 

Another  method  very  commonly  adopted  is,  to  distil  a  potassium  salt  of  the 
fatty  acid  with  a  mixture  of  the  alcohol  and  strong  sulphuric  aoid.  In 
this  case  an  acid  sulphuric  ether  is  first  formed  (as  ethyl-sulphuric  acid 
from  ethyl  alcohol,  p.  527),  and  this  acts  upon  the  salt  of  the  fatty  acid  in 
the  manner  illustrated  by  the  equation : 

S0,(0H)(0C,H5)   +   CJI,0(OK)   =   C^HtO(OC,H4)  +  SO.(OH)(OK) 
Ethyl-sulphuric  Potassium  Ethyl  Aoid  potassium 

acid.  butyrate.  butyrate.  sulphate. 

The  ethereal  salts  of  the  fatty  acids  are  either  volatile,  oily,  or  syrupy 
liquids,  or  crystalline  solids,  for  the  most  part  insoluble  in  water,  but  sol- 
uble in  alcohol  and  in  ether.  When  distilled  with  potash  or  soda,  they  take 
up  water  and  are  saponified,  that  is  to  say  resolved  into  the  alcohol  and 
acid ;  e.  ^., 

C4H^(0C,H,)  +    HOH    =    C-H,0(OH)  +    CJI.(OH) 
Ethyl                 Water.              Butyric  Ethyl 

butyrate.  aoid.  «\«<:^^ 
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C,H,0(OH]      -f       Pt'lf       =1 
Aoetio  Mid,        Djofipboruf 
petiiacblondc. 

These  acid  chlorides  iire»  for  thel 
gont  j&cid  odor;  tlicj  lire  caaily  dcc| 
Aold  lind  hydrocMoric  ftcld.     This 
Uiejf  aria  exposed  to  the  air:  hencci 
reAct  in  an  (exactly   itimilar  mnutii^rl 
yielding  hydrochloric  acid  and  a  comfl 

7,  The  ohloridea  of  ihe  tieid  radicals] 
forming  amuiouiuiu  chloride,  und  tho  i 
which  they  ar©  derived  ;  e.  ^., 

C,H,OCl       -f-       2NH,       =T 

Acctio  Amtnoiiift,        Am 

chloride.  cl 

8.  The  atfid  t-hloHdos,  dislilled  with  a 
noidi  yield  a  lueUvlUc  chloride  aud  Ihe  c 
the  acid :  ihus, 

C,lI,OCl      +       C,H,0(OK)      = 

Acetic  Poiasi^ium       jj 

oh1orrde>  acetate,  i 

In  like  manner^  whon  distilled  with  f 
Atomic  Jicid»  I  hey  yield  oxidca  or  anhydri 
radicals;  e,  g.^  '2 

Acetic  Porassiun 

chloride. 


FATTY   ACIDS.  603 

In  cotiUct  with  alcohf^He  &zidet  {<nygm  ithert),  the  acid  oilrles  are  con- 
Terted  itilo  oilier eal  salts: 

Acetic  oxido.  Elliyl  oxide.  Ethyl  hccIaIc, 

With  aie^hofi,  in  like  maanec,  tbey  yield  n  mixture  of  a  CQiupoutid  ether 
with  th«  acid : 

(c,H,o),o   +   c,n,(on)   =  c,h,o(oc,h,)    +   c,n,o(oin 

Acetic  oxide.        Ethyl  ttkuhoL         KlLyl  acetiile.  Acetic  aeitl. 

The  add  oxlJea  arc  decomposed  by  ammonia  ffaa^  ytclditig  a  iDixturo  of 
an  aiiiiuotiiiitti-flalt  with  ao  amide: 

(C,IljO),0     4-     2XH,     =    C,HjO(ONHJ     +     NH.CJijO 
Acetic  Amtiioula.         Ajiniioiiiuiii  AcetumlJe. 

osido.  acetate. 

^  9.  The  fatty  aoida,  subjected  to  the  action  of  ehhrme  or  brommt,  give  off 
Ibydrochloric  or  lijdTobromic  acid»  and  are  coiiTerted  Info  ^ubj^tiiiiiionroni- 
pound^t  containing  one  or  more  iitonis  of  chlorine  or  brouiino  in  p!u<ie  of 
hydrogen;  but  it  is  only  the  hydrogen  within  the  radical  that  can  he  thim 
excKiiiiged,  the  tjpic  hydrogen  rcmaininjiij  unaltered,  so  thai  the  nitrnber 
of  chlorine  or  bromine -atoms  inlrodneed  in  place  of  hydrngmi  ii^  always 
less  by  at  least  one  than  the  nutabor  of  hydrogen-atoinei  in  the  acid : 

C,H,0(UII)       +       CI,      =       HCl       +       r,HjClU(Oft) 
Acetic  acid.  Chloraeetic  ucid. 

C^HjOCOH)       +      8C1,    =      8HCI    -f  C,Cl,0(On) 

Acetic  acid.  Trichloracetic 

acid. 

The  i**dattd  acidt  of  the  &amo  aeries  (or  rather  their  ethereal  8alt«)  are 
obtained  by  heating  the  corro^pondiug  bromine-conipound.^  with  potasaiura 
iodide : 

C,ir,BrO('aC,H4)     ^     KI     =     KBr    +    CM^KMOCJl^^i 
Etiiyl  brom*  Elhyl-iodacetate, 

acetate. 

and  the  ethers  treated  with  potush  yield  potaH^ium  Ball»  of  the  iodated 
acitls,  from  which  the  acids  may  be  obtained  hy  dccompoBition  withaulphu- 
ric  acid. 

The  chlorinated  and  bromitiated  fatty  adds,  boiled  with  ttntrr  and  *ilvrr 
oiitU,  exehaiijgo  the  whole  of  their  chlorine  or  bromine  for  an  e<]nivalrnt 
quantiiy  of  hydroxy  1»  producing  new  acide,  which  tlitTer  from  the  primi- 
li?e  acids  by  a  aumher  of  atoms  of  oxygen  equal  to  the  number  of  aloma 
of  chlorine  or  bromine  present;  e,^,^ 

2CJl,nrO,     +     Ag,0     -f     HjO    =    2AgBr    ^     2C,n,0j 

Broniacetio  Olycdlic 

acid.  nfid. 

rjr^Br.O,    +     Ag,0     -f-     n,0     +    2AgBr     +     ("J^O,, 
thhrumo-  Dioxy-hii- 

butyric  acid.  tyric  acid. 

Diehloraeetic  and  tnchloraeetio  acH  are  not  sufficiently  stable  to  exhibit 
this  Iransformation,  their  moleciilei  splitting  up  altogether  when  boiled 
with  silver  oxide* 

The  mout>chlori anted  and  monobrominated  acid;*,  nuhjected  to  Hi«^  ^pJOv^t^ 
of  an  alcoholic  solution  of  ammonia  gm,  yield  ammotuMm  ^XA^Mj^^  ^^^A.  ikT»«^ 


acid 
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acid,  in  which  the  chlorine  or  bromine  it  replaeed  bj  aaudogea.    TkH 

monuchloracetic  acid  yields  amidaeetic  add^  or  gltfeoeinii 

C,H,C10,    4-    2NII,   =    NH^Cl    +    C,H,(NH,)0, 
Chloracetio  AmidAcetie 

acid.  acid. 

There  is  another  waj  of  Tie  wing  these  amidated  acids  which  will  be  eoa- 
sidered  hereafter. 

{H         H 
0''=  I         .—This 

the  concentrated  state  in  the  bodies  of  ants,  in  the  hairs  and  other  parti 
of  certain  caterpillars,  and  in  stin|?ing  nettles.  It  may  be  produced  by  the 
first,  Pecond,  and  fourth  of  the  aboTe-nientioncd  general  methods  of  form- 
ing the  fatty  acids — viz.,  by  the  slow  oxidation  ef  methyl  alcohol,  or  of 
formic  aldehyde,  in  contact  with  platinum  black,  and  as  a  potassium  nU 
by  heating  hydrocyanic  acid  (hydrogen  cyanide)  with  an  alcoholic  solulioi 
of  potash : 

IICN    -f    KOH    +    OH,    tm    NH,    +    GHOfOK) 
Hydrogen  Potassium 

cyanide.  formate. 

It  is  ali'o  pro<luced  by  certain  special  reactions — tix  :  «.  By  passing  car- 
bon monoxide  over  moist  potassium  hydrate,  the  gas  being  thereby  ab- 
sorbed, and  producing  potassium  formate : 

CO        +        HOK        =        COH(OK) 

The  absorption  of  the  gas  is  accelerated  by  the  presence  of  a  considerable 
quantity  of  water,  and  «lill  mure  by  alcohol  or  ether. 

/?.  By  distilling  dry  oxalic  acid  mixed  with  sand  or  pumice-stone,  or 
better  with  glycerin: 

CJLO^        =        CO,        +        CTI.O, 

Oxalic  Carbon  Formic 

acid.  dioxide.  acid. 

The  distillation  of  oxalic  acid  with  glycerine  is  a  very  advantageous 
mode  of  preparing  formic  acid.     The  glycerine  takes  no  part  in  the  decora- 

})osition,  but  appears  to  act  by  preventing  the  tempcrnturc  from  rising  too 
ligh  :  when  oxalic  acid  is  distilled  alone  or  with  sand,  the  greater  part  of 
the  formic  acid  produced  is  resolved  into  water  and  carbon  monoxide. 

y.  Ity  passing  carbon  dioxide  and  water-vapor  over  potassium  at  a  mod- 
crate  heat,  acid  potassium  carbonate  being  formed  at  the  same  time: 

K,    +    2C0,    +    OH,    =    CO.KH    +    CHO,K 
AciJ  car-         Formate, 
bonate. 

^.  By  the  oxidation  of  sugar,  starch,  gum.  and  organic  substances  in 
general.  A  convenient  mode  of  preparation  is  the  fi)lIowing:  I  part  of 
sugar.  •'!  parts  of  manganese  dioxide,  and  2  parts  of  water,  are  mixed  in  a 
very  eapueious  retort,  or  large  metal  still;  8  parts  of  oil  of  vitriol,  diluted 
with  an  equal  weight  of  water,  are  then  adde<l,  and  when  the  first  violent 
effervescence  from  the  disengagement  of  cnrbon  dioxide  has  subsided,  heat 
i.«*  CAUtiously  applied,  and  a  considerable  quantity  of  liquid  distilled  over. 
Thif<  is  very  impure:  it  conta.\tk«  a  'volatile  oily  matter,  and  some  substance 
w/iich  communicates  a  puugewc^  t\ot  v^o^^^  ^  *'  ^"^  V«^  ^-V^*^  dvluu 

BUtc.     Tiio  acid  Uquid  is  neuVraWx^^i  m^  ifc*,  %»A  >;x«. ^^ 


IT 

I       snlutig  form 
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Trag  formnle  purifieil  by  orystdlliiaJion,  anJ,  if  neotlfiil,  liy  aninin!  clijir- 
c*iiiK  Frr»in  rliis,  or  iiny  other  of  it«  s<iil[»,  ?<oliition  of  fortnic  acid  may  b« 
readily  obt)iiDc<l  by  dtHlillmtion  vi-ntli  diliito  sulpliuric  acid. 

To  obmiu  the  aehl  in  iU  Ui«sl  cuuceiiiniti'd  ^lute,  the  dilute  acid  is  n%iu* 
ruled:  with  lead  oxides  tbo  lii^uid  in  f^vapo^ulI}d  to  compU'le  dryness,  atid 
the  dried  liiad  fortimie,  reduced  lo  litie  ijowtler,  la  very  gently  beutcd  in  a 
gla»9  tube  connected  with  a  coiideujfing  appariitii»,  thnitigb  which  a.  cur- 
rent of  dry  sulphtiretted  hydrogen  gas  ia  (rani^miilted.  It  forms  a  clear, 
colorless  liquid,  wiiieh  fotiies  ulightly  in  the  air,  ba«  an  exceedingly  pene- 
trating odor,  boiltf  at  {kS<^^  C  {'lUP  ¥.],  and  crystallizes  in  large  brillhint 
plaies  when  tiooled  below  ip.  The  specific  grayily  of  Ihe  acid  is  1  235;  it 
uiixcii  witb  Avater  in  all  propnrliona:  the  vapor  is  inflammable^  and  burns 
with  a  bine  flame.  Concentrated  formic  acid  is  exlremely  corrosive,  at- 
tacking the  skin,  and  forming  a  blister  or  an  ulcer,  painful  and  difficult  lo 
heal. 

Formic  acid  mixes  with  water  in  all  proportlonB,  The  arjueous  acid  has 
an  odor  and  taste  much  resembling  those  of  acetic  acid:  it  reddens  litmna 
(itronirly,  and  dci-oniposes  alkaline  carbonateii  with  cfrcrvcscence.  Formic 
acid  likewise  dtssolTcs  readily  in  alcohol,  being  partly  converted  into  ethyl 
formate. 

Formic  acid  ia  a  powerful  reducing  agent.  It  may  be  readily  diatin- 
gutshed  from  acutic  acid  by  heating  it  with  scdntion  of  fitvrr  nttrfttr:  iho 
metal  m  thus  reduced,  8otiietime«  in  the  pulverulent  sitate.  feomeiimes  as  a 
Bpeculi&r  roaling  on  the  glairs  tube,  and  carbon  dioxide  is  evolved.  Mer- 
CiiHe  lihloridc  is  reduced  by  furmtc  acid  to  calomel.  Formic  acid  heated 
with  oil  of  vttriol  »p\it8  up  iuto  water  and  carbon  mouoiide,  CH,Oj^::rOnj 
-fCO. 

(7A/ort»w,conrcrls  it  into  byilrochlorio  a43id  and  carbon  dioxide  i 

Clip,        +        CI,        —        2HCI        -h         CO, 

Formic  acid  heated  with  strong  btuti  is  converted  into  oxalic  &cid,  witli 
di&eiigagement  of  hydrogen  t 


i 


2CH,0, 

Forntio 
acid- 


+     BaO    = 
Baryta* 


CjBaO^ 
Barium 
oxalate. 


+     H,    +    OH, 


Formatfx.  —  The  composition  of  the«c  salts  is  expressed  by  the  fnrmuhi", 
CIK^^^K  ((:K<>;)^>I'^  iy\\i}.^]^W\  &c.,  according  to  ihe  equivaU'Ut  value 
of  the  metal  or  other  positive  radical  contained  in  them.  They  are  all 
soluble  in  water:  their  solutions  form  dark-red  mixtures  with  ferric  s^altA. 
When  distilled  with  stronj^f  nulphuric  acid  they  give  otf  ftci<l  carbon  monox- 
ide, and  leave  a  residue  of  Hulphatc,  The  formate?  of  the  alkali -nietals 
heated  with  the  corresponding  sails  of  other  fatty  acid?,  yiebl  a  carbonate 
and  an  aldehyde  (p.  IMIO), 

Sodnim  for  unite  crystallizes  in  rhombic  prisms  containing  CnO|N&,  Aq.  U 
reduces  m:iny  metallic  oxides  when  fused  with  them,     PvUmnum  fortntttf^ 
CllU^K,  is  difleiilt  to  cryatalliste,  on  aceount  of  its  great  solubility.     Ammo- 
nium  /onniff  cryytalliKea  in  square  prisms:   it  h  very  soluble,  and  is  decom- 
posed at  high  temperatures  into  hydrncvanic  acid  and  water,  the  elements 
«f  which  it  contains:    (*M0^NH<:^:itHL4-CNH.     The  formares  of  bartum, 
ftrontiuM^  calcium^    and    nutfffifjuum    form    small    prtsmatici,   easily   soluble 
vyalab,     Le/fd  formatu  crystallizes  in   small,  diverging,  eolorlesa  needles, 
rhich  require  for  solution  40  parts  of  cold  water.     The  moHffanau»y  ft^rouji^ 
ne,  ntckei,  and  eohuft  fonmitts  are  al8o  cryHtalliiable.    Cuprie  format e  is  very 
eautsful,  constituting  bright-blue  rhombic  prisms  of  conftuWxuViW  tvi^^vX* 
it!e.     *Sifrer  /vrnuiif  is  white,  but  slightly  aolub\e,  ausi  <iV<£i::,viWv^Q%«^  >a^  >|J^* 
h^ntioB  of  Ivrnpt^nunri*. 
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very  voljiiilc 


aq 


o(  ocutml  metiiyl   tiul|>bM« 
Jigliler  ihftji  water, 


liquid. 


I 


mg  in  ft  retort 
mate.  It  in  a 
30°  iifid  3ft^, 

£thi/l /ijrmaU,  CHO/^jIL,  iaomeric  with  methyl  ftc«t«te  kttd  prupioi 
(p.  476),  13  prepiifMl  by  (iiHtiUiiig  a  roi"*' -  '  ^  -  -rs  of  ilrj  Miiig 
mate,  10   of  oil  t»f  viiriuU  tiud  G  of   -  The    t'ormiej 

Hoparated  by  the  oUUiliua  of  wnter  to  ih-  :  ^  :     inn      -.  , 

A  little  tujigaeaiu,  aui)  lufl  for  ttcreral  dny^  in  com  act  v^ 
Eihyl  fvriiititu  in  colorless,  hft§  ttn  nrutnaiic  odor,  m  m 
boilM  At  5ti°  C.  (laS'^  R).     Wttier  di^olvea  it  to  «  sisaU  eii«.-iiu 

A«Btio  Aeid,  CjH^Oj  =  C5HjO(OH),  or  CO€H,(OH)  =  C  J  O''  =^  | 

I  on        CQ 

This  actd  is  found  in  smrill  qunnlifies  in  the  juicci  of  ptuiit9  and  in 
fluids,  li  tiuiy  be  produot'd  hy  either  of  the  6r*l  fire  gene  ml  metlil 
fortniklton  giv^fn  on  pji^es  (>98^  -VJ9,  ntid  in  pnrtirular  by  tlio  ?low  oxl 
of  ftlcohoL  When  spirit  of  wine  is  dropped  upon  platinum  blaiij 
oxygen  oondcnt^ed  in  the  pore«  of  the  lalier  reftctn  9o  powerfully  iip< 
lilcnhol  as  to  ciiu^e  Ua  instant  inllauinmtion.  When  the  itpirit  i$i!  niix«i 
n  little  water,  and  dowly  dropped  upon  the  finely  divided  toetul.  oxi 
still  takes  plnceT  but  wriih  Xem  energy,  and  vapor  of  acttie  ncid  is 
dimtly  OToWed,  In  all  these  niodej^  of  formation,  the  neetic  aeid  ii^  nil 
producible  from  inorganic  materials.  It  is  also  fortned  h\ 
nascent  hydrogen  on  irichloracotic  aoid.  which  may  ilbclf  b< 
inorganic  niatertnls,  Lft*iily,  acetio  acid  ib  obtained^  togelJur  ^vim 
other  products,  in  the  deatrucLife  distillation  of  wood  and  other  Teg( 
flubjitanccs.  i 

Prfjiiirnfion. — ^1.  Dilute  ah^ohoK  mixed  wi<h  a  lillle  yeast,  or  almol 
aioti7.ed  organic  mattet-  susoeplible  of  putrefaction,  and  eicpo^ed  to  il 
Hpeedtly  becomes  oxklixed  to  acetic  acid.  Acetic  acid  ift  thus  manufai 
in  itcrraany,  by  smfTering:  9Uch  a  mixture  to  flow  over  wood^sbavingii  tU 
in  a  little  rinegar,  eoniained  in  a  large  cylindrical  vessel  through  wi 
current  of  air  is  made  to  pasM.  The  greatly  extended  snrfuce  of  ihel 
expedite!)  (he  change,  which  is  cotupleted  in  a  few  hours.  No  carbonil 
is  produce*!  in  this  reaction. 

Thebes!  vinogur  U  made  from  wine  by  spontaneous  acidificalion' 
partially  filled  cask  to  which  the  air  hay  access.  Vinegar  is  first  tntroti 
into  the  empty  vc?»el,  and  a  quantity  of  wine  added;  after  some  d| 
second  portion  of  wine  is  poured  in,  aud  after  ?iiniilar  inlcrvaU,  a  thiiH 
a  fourth.  Wln*ii  the  whole  has  become  vinegar,  a  quantity  ts  draw 
equal  to  Ihttt  of  the  wine  employed,  and  the  procesp  is  recommenced, 
temperature  of  the  building  in  kept  up  to  30^  C.  (SO"  F.)  8ucb  i*  ib« 
adopted  at  tJrloana,*  In  Kngland,  vin**gMr  is  prepared  from  a  kind  of 
made  for  the  purpone.  Th»*  l«<tuur  is  exposed  to  the  air  tn  half 
caaks,  loosely  stopped,  until  acidification  is  complete.  Frequently 
aulphuric  acid  is  aflcrWHrds  addled,  with  ih^  view  of  checking  ftl| 
decom position,  or  mofhrrm*i,  by  which  the  product  would  be  «poiled. 

When  dry,  hard  wood.  ii?»  oak  and  beech,  is  Mibjected  tn  destructivi 
tillalion  at  a  red  heat,  acetic  acid  is  found  among  the  liquid  eondew 
product*  of  the  operation.  The  diatillatioti  is  conducted  in  an  iron  cyli 
of  large  dimensions,  to  which  n  woriu  or  condenf^er  ty  attached; 
watery  liquid,  a  quiuitity  of  tar,  iind  much  inflammable  gJi'?  p.is^ 
while Vharorml  of  pxeetlent  quality  remains  in  the  retort.  Th#»  aciij 
i»  subjected  to  dialilktion,  the  first  portioJi  beiof  colled cd  apart ^ 
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prcpfiratlrm  of  wood-spirit.  The  rouminder  is  snhiratixl  with  limc.  conflen- 
iraiod  by  i^viiporation,  and  mixed  with  Hit?  soltitjou  iif  sotliuni  siilpLiite; 
calcium  Hutplmte  is  rht^rcby  prucipitnted,  while  that  acetic  ueid  is  l niiii'feri'i**! 
to  tht^  sodn.  The  fikeriMl  sdulioti  is  evaporuted  to  its  crysttiliijiiiig  point ; 
And  the  ci'yatfils  are  dniined  as  miicli  us  possible  from  the  liitrk,  tarry 
niorhor-liqiK»r*  and  deprived  by  hcjit  of  their  coinbiived  natwr.  The  dry  ault 
is  I  hen  cautiously  filled,  by  which  I  be  last  portions  of  tar  are  decomposed 
orexp<»lled:  it  in  then  re-d!s<mdved  in  water,  und  re-erystallized,  I'liro 
Bodiiim  acetate^  thus  oblainedt  rend ily  yields  acetic  ucid  by  distiQation  with 
Bulphiiric  aeid. 

The  strong^csl  acetic  acid  is  prepared  by  distilling  finely  powdered  nnliy^ 
droiia  sod  nun  acetate  with  three  time;*  jt»  weiglit  of  concentrated  nil  of 
vitriol.  The  lisjuid  is  purified  by  rcchficalion  from  Hudium  t^ulpbate  acci- 
dentally throvfn  up,  and  exposed  lo  a  low  temperature*  Cry^luls  of  pure 
ACtftio  acid^  CjllJ)^,  then  form  in  large  <|iiantity:  they  may  he  drained  from 
the  weaker  fluid  portion,  and  j^iifTereii  to  melt.  Below  16'*'»°  *'.  (titF  F.) 
this  HiibAtiincje,  oflen  called  ^lacidl  ticHic  find,  forms  large,  colorle^HS,  trans- 
parent cry»tal»,  whieb  above  that  temperature  fuse  to  a  tJiin,  colorlesfi 
liiiuid,  af  exceedingly  pnngeiit  and  well-known  odor:  it  raise!*  blisters  on 
Ihe  skin-  It  is  miscible  in  all  proporiions  with  water^  alcohol,  and  el  her, 
and  di|i»olves  camphor  ami  KeTeral  reRin:^.  Whetii  diluted  it  has  a  pleiiBaiil 
ncid  ta^tc.  Dlaeial  acetic  acid  in  the  liquid  slate  ban  Ai  density  of  lOtW), 
and  boilf*  at  120'^  C.  (l!48^  P.).  lis  vapor  in  inflammable,  and  eithibitM  the 
Tariations  of  iteniiity  noticed  at  page  4l>L  At  ^jOO''  C.  (672^  h\),  or  abov«, 
il  15  2-08  compared  with  air,  or  dO*^  compared  with  hydrogen,  agreeing  ei* 
acily  with  the  theoretical  dem^iiity,  whicli  ia  half  the  molecular  weight;  but. 
at  teinporatnres  near  the  b<>iliijj^  point,  it  la  considerably  greater,  being  2'W 
at  1+0°  C.  (284^  F),  and  3-20  at  I2o'='  C.  {'1^)7''  F.)  (referred  lo  air). 

Dilute  acetic  acid,  or  distilled  vinegar,  used  in  pharmacy,  should  always 

be  carefully  examined  for  copper  and  lead;  these  impurities  are  contracted 

from  the  meUUic  vef;.*el  or  condenser  sotuetiincB  employed  in  the  process. 

Tiie  strength  of  any  sample  of  acetic  acid  cannot   be  safely  inferreit   from 

denaity,  but   il   is  easily  deierminod  by  observing  tbe  quantity  of  dry 

inm  carbonate  necessary  to  ^aluraie  a  known  weight  of  the  liquid* 

Acetic  aeid  exhibits  all  the  reaolionA  of  tbe  fatty  acids  in   genoral  (pp* 

1-titM  I,  The  acid  it^cdf  doen  nut  readily  conduct  the  clecirio  eiirrent, 
hni  a  Mohitiou  of  potassium  acetaie  ia  decomposed  by  clcclroiyaia^  with  for* 
niation  of  dimethyl  or  ethane: 


CIT. 


2  1  +   on,   ^ 

COOK 

Potassium 

acetate. 


Ethane. 


n,  +  CO,  +   ro(OK), 

Pot  a«*  inm 
carbonate. 


t 

^H    Acetic  acid  is  not  attAcked  by  nitric  acid,  but  periodic  aeid  converts  it  by 
^■©itidation  into  forniic  acid  and    carbon   dioxide,  being   itself  reduced  lo 
iodic  acid  or  even  to  free  iodine : 

CjH^o,   -f   Oj  —  CHjO,  +  CO,  -f   on^. 

Potassium  acetate  diBtilled  with  aMtnkm*  o-jrt<l«  gtvca  off  a  highly  inflam- 
lable  and  characteristically  fetid  oil»  conaistitig  chiefly  of  ardcndimetbyl 
cacodyl,  AsjtCHj)^, 

Aettatrn. — Acetic  acid  forms  a  largo  number  of  highly  important  ^alts, 

Tcrpreaented  by  the  formulie.  tyiaOjM.  (t\ll,a),M^',  or  (C,U,*K.)sM''',  ac- 

cording  to  tlie  equivalent  value  of  the  luetala  eoniained  in  ihem*     Being  a 

lonobaijic  acid,  it  cannot  form  any  acid  salta  properly  si>  culled,  thai  is  by 


I 


K 
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replacement  of  a   part  of  its  typic  hjdrogcn   fp.   282^*  *    *   *^ -^il 

acetates  of  the  ftlknli-metnls  can  talse  up  a  fiioleciile  of  u 

they  tiikc  up  water  of  crywlalHuithjn,  forminij  jalta  cull  »  uf 

tUitcttaU»,  CjlI.OjM  .  C,H^O|.  There  arc  also  basic  fteHmes  tr»rni4«ij  by  lb# 
union  of  a  [uolcctile  of  a  uormnl  acetate  wilb  a  molecule  ot  ttiHallie  odidt 
or  Uydratc. 

PoTASSirw  AcKT  VTEst. — Tho  normal  talU  C-H3O-K,  cryslnniyf'*  wTtl»  vrtti 
difficulty:  U  is  generally  raet  with  a»  a  fufiatcd*  white,  erv  ^ 

obtained  hy  neutralizing  polassiuio  carbonate  with  acetic  acii  iii| 

to  drynewr^  and  heating  the  salt  to  fusion,     ll  is  extretnely  ol, 

and  soluble  in   water  and    alcohol:  the   solution  is  usually  nW  1  i 

liflle  loss  of  aoid  by  ihe  bent  to  uhich  it  has  been  subjecl<*<l  t  ront  liic 
alcoholic  solution,  potassium  carbonate  b  thrown  down  tiy  t  atresjn  of  cir- 
bon  dioxide. 

The  acid  suit,  C.J[bO.^K  .  CjII^O,.  ir  formed  by  evaporaiing  a  ^alutimi  0/ 
the  riL^iilriil  nali  in  exctsi^H ,of  acetic  acid,  anil  cryi^talliKcei  by  sUfw  evapura' 
lion  in  bmg  flallcned  prt^ms.  It  is  very  deUquescetii,  auU  d«€oot)Kie«fl H 
2W,  giving  otf  cry^l  alii  cable  acetic  acid. 

Snnii'M  AcETATK,  C,FIg0.jXa  .  3  Aq — The  mode  of  preparation  of  ihinMlt 
on  the  large  scale  has  been  already  described  :  it  forms  large,  iran«parent. 
colorless  cryjitaU.  derived  from  a  rhombic  prisTn»  ivhieb  arc  ejimly  mt' 
dcred  anhydrous  by  heat,  effloresce  in  dry  air,  and  dis^oWi^  in  8  |i«ri*  ol 
cold,  and  in  an  equal  weight  of  hot  water:  it  ie  aUo  9aluld«  in  alcoW. 
The  lasle  of  ihissnlt  is  cooling  and  nalinc.  The  ilry  salt  uiclts  at  28^0. 
(550**  k\),  and  begins  to  decompoBC  at  315° C.  (600^  h\). 

Ammonium  Acetater. — Tlie  nmtral  acetate^  CjlhO^SU^,  is  a  vTiItf^  oJ^r* 
lesB  t^rih  obiainod  by  sainratitig  glacial   acetic  acid  wiih  dry  i*  . '.% 

It  is  ver^v  difficult  to  ohlain  in  ihc  cryt^lalline  form,  for  JIfl  aqur  a^ 

when  evapiirated.  gives  off  ammonia  and  leaves  the  acid  »ull.  WU^ii  dit* 
tilled  with  phosphoric  oxide,  it  loses  2  molecules  of  water,  and  ^ivefulf 
elhenyl  nit  rile  t*r  aceionrinle,  (('J1,)'^'N  r=  0,11^1^X11.  —  I'tlH^  Tli» 
atfueoiiK  sohition«  known  in  the  rbarmneop«i?ia  as  Spintu^  Mrntlrrrn,  i*  pre- 
pared by  saturaiitig  aqueuua  acetic  acid  with  ammunia  or  »muian ium car* 
bunate. 

The  aejfl  gall,  C^H/I^NH^.  CjO^O,,  la  oblatue<i  no  ft  crystalliiiw  FubliniaU 
by  heating  powdered  .«al -ammoniac  with  patttaaium  or  ealciiitn  acvtalt, 
ammonia  being  given  off  at  the  same  Itniii;  atao  aa  a  radiated  crytlaUii* 
mas»  by  evaporating  the  aqueous  solution  of  the  neutral  etalt. 

The  acetates  of  barium,  sirmUiumt  and  rttlrium  are  fcry  n^luble,  ftod  €*A 
be  procured  id  cryatala ;  magn.fsmm  acetate  cryalalUies  with  dil^cully. 

AuuMiNiuM  Acetates.— This  Bait  is  rery  soluble  in  water,  and  <Mf«  up 
in  ihe  vactium  of  the  air-puiup  10  a  gummy  mass  without  lrac*>  wf  crytlaf- 
lixaiion.  If  foreign  salts  are  prcf^eut,  (he  solution  of  (he  acetate  becoin** 
turbid  on  heating,  from  the  separaliou  of  a  basic  compound,  which  redb- 
sulves  aa  the  Itqiitd  cools,  Aluminum  acetate  is  much  employed  in  catlco 
printing:  it  is*  prepared  by  mixing  .foluliona  of  lead  acetate  arj  '  ^  -  ,ni 
tillering   fruni  tlie  insoluble  lead   liulphate.      The    liquid   is  lb  '~h 

gum  or  other  fiuilabte  mriterial,  and  with  it  the  design  Is  ini|  1  .  .  .^  n 
the  cloth  by  a  wootl-block,  or  by  other  meanis.  Expoaure  to  a  nxxlerat* 
degree  of  heat  drives  off  the  acetic  acid,  and  leaves  the  alumina  In  a  ftal« 
capable  of  entering  into  combinaticm  with  (he  dye-f>tufr, 

Some  vary  interesfine  re«enrche»  on  aluminum  iicelatc  havo  b^«^a  pub* 
Ji*thcd  by  the  late  Mr.  Walter  Crura.*     The  sohitiou  obtftiuod  by  dccaivp<>^ 
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inj?  ftliiramuin  sulphate,  (SQ^JiAl,,  willi  lead  acetatCf  may  be  fiiippof«ed  to 
cuiiLuin  fit-ufnil  aluiuinium  actititte,  {i\^}lJil^)^\V''^,  Tliis  ualt  cuniitit,  liow- 
ev«r,  b^  obti4mi*d  in  the  dry  Btiite,  11  tht*  solution  bti  mpidly  uv  a  pom  ted 
ut  low  l«^mptnt*turea,  by  being  t^prcad  in  tliia  layers  on  gUss  or  poreeltiin, 
a  bflsiti  soltihU  Hcuute  U  obtained,  having  ihe  composrition  ^V^\^0,^]^\Vf^, 
AI^Oj.  0  arj. ;  but  if  the  suluiion  be  kvft  lo  t^tund,  or  submiited  to  the  ai:tion 
of  heiit,  insohihie  basic  aalts  are  precipitii4edt  differing  in  eomposiUon  from 
the  former  only  by  cuntnining  3  or  8  J  molecules  of  water  instead  of  faun 

The  soluble  aluminum  acetate,  when  exposed  in  a  dilute  solution  to  I  ho 
temporftture  of  boiling  water  for  several  days,  undergoes  i»  very  reniarkablo 
cbanget  the  whole,  or  nearly  tho  whole,  of  Uie  acetic  acid  being  expelled 
by  the  action  of  heat,  and  a  peculiar  jsoluble  modification  of  alumina  (aU 
ready  described  under  AniMixriM,  p-  335),  remaining  in  solution. 

M'lnganttt  acetate  foriUM  colorless  rhombic,  priHUiaiic  ery^tnla,  permanent 
in  the  air.  Frrrotm  ae^tatc  cry»t)i!li?.e»  in  snifill,  greenish -white  needles, 
rcry  prone  to  oxidation;  both  sails  dif^olve  freely  in  water.  Ftrrir  acetafe 
19  a  dark  brownish- red,  unory«talli2able  liquid,  of  powerful  astringent 
tnate.  Cohalt  aretntf  forms  a  violet -colored,  cry*taUlf*e,  deliqueaecnt  mnm. 
The  HickMl  tuii  aeparates  in  green  crystahs,  wbich  dussoke  in  6  parta  of 
water. 

LiEAii  AciTATES. — Thc  normnl  mlf^  {V,^^^O^^h'^,Z  nq.,  ia  prepared  on  a 
large  scale  by  diji^oWing  litharge  in  acetic  acid:  it  iniiy  bo  obtained  in  col- 
orless, transparent,  prismatic  ot^tilala,  but  ia  gtmerally  met  with  in  com- 
merce as  a  confusedly  crysttilline  iiiass«  somewhat  resembling  loaf-sugnr. 
From  this  circumstance  and  from  its  nweet  taKte,  it  is  often  called  jmyrtr  of 
had.  The  crystal;*  are  soluble  in  about  1 J  parts  of  cold  waiter,  effloresce  in 
dry  air,  and  melt  when  gently  heated  in  tlieir  water  of  crj«talliiation ;  the 
Iftlfer  19  cafiily  driven  off.  and  the  anhydrouM  salt  oblaineri,  wliich  meha, 
and  afierward  decom|ioHCs,  at  a  bigh  lempernture.  AeiHuie  of  lead  is  sol- 
ubte  in  alcohol.  The  aqneous  solution  has  an  intensely  sweet,  nod  at  th© 
same  time  aHitringiL'nt  tiiste,  and  is  not  precipitated  by  anitnonia.  It  is  au 
article  of  great  value  to  the  chemist. 

Unidc  Afftatfn  (Subaeffate^)  of  Lrftd. — A  tfttfuihaaie  aeetnte^  2(CyUjliy^\„Vh'', 
Fb"tf.  is  produced  when  the  neutral  anhydrous  salt  la  so  far  decomposed 
by  heat  as  to  become  convert  oil  into  a  porous  whit©  mass,  deconiposahle 
only  at  a  much  higher  temperature.  It  is  soluble  in  water,  and  separntea 
from  the  solution  evaporated  to  a  syrupy  conf^istence  in  the  form  of  cry»- 
lalliiie  scfiles.  A  tripbnnhk  itcrtafr.  (CjH/>./).,Pb'^ .  ^Ph'-'O,  is  obtained  by 
digesting  at  a  moderate  heai,  7  parts  of  finely  powdered  litbarge,  Ij  parta 
of  lead  acetate,  and  30  parts  of  water?  or,  by  mixing  a  eold  saturated  soln- 
tion  of  nentral  lead  acctjUe  with  a  fifth  of  its  volnme  of  caustic  ammonia, 
and  leavinj»;  thc  whole  some  time  in  a  covered  ve^^.^^eL  The  salt  separates 
in  minute  needles  containing  one  molecule  of  water.  The  solution  of  basic 
acetnte  prepared  by  the  first  method  is  known  in  pharmacy  under  the  ^ 
name  of  ttoulnr^  walrr.  There  is  also  a  sexpbimbic  acetate,  (r'!^H,jn,^),^Pb'^. 
r»rh''0,  forme«i  by  adding  a  great  excess  of  ammonia  to  a  solution  of  nor- 
mal lead  acelale,  or  by  digesting  the  normal  satt  with  a  large  quantity  of 
oxide.  It  in  a  white,  sliglitly  crystalline  sub«tanoe,  insoluble  in  cold*  and 
but  Uttlo  soluble  in  boiling  woter.  The  solutions  of  the  basic  Inad  arelatea 
have  a  strong  nlknline  reaction,  and  obinrb  carbonic  acid  with  the  greatest 
avidity,  becoming  turhirl  from  precipitation  of  basic  carbonate. 

Crratc?  Acetatrs. — The  normal  aMfttf.  fr,,n,0^),Cu .  aq.,  is  pre\kWe%4Vi^ 
(iBaolTing  rrrffifffix  in  hot  acetic  a^rid.  anil  Wavm^  \\\^  ^\\^t*^^  ¥»e?ca\\«vi Vt^ 
Ibol     It  format  henntifttl  dark-^reen  erysla^!*,  wVvc'H  A\*'».c\^ii\ix  W'^vex*  ^ 

'  f  Mad  6pArt3  of  boiling  water,  and  ate  also  BQjV>ib\<i  m  aXii^V^V*     ^  %«vsk- 


I 
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tiou  of  this  f!oK,  mixoii  wnh  sugar  and  heated,  yields  cupric  oxide  i 
form  of  miuuto  red  uelohedral  cryptnls:   rhe  residual  copper  solution  i 
precipitatt^d  by  an  alkali.     Ciipric  ftcetaic  jields,  by   desirucltve  di»t| 
lion,  strong  acetic  acid  containing  arHone  and  cotitaminsted  with  cop*. 
The  aali  is  eomctimed  called  tHuiiUed  vertU^riM,  and  is  used  as  a  pigmcDt 

BitJiie  Ctipric  Aettaien, — ComEiioii  verdigris,  made  by  spreadiii|^  the  murf 
of  grapes  upoti  plates  of  coppur  exposed  Li>  iUb  air  fwr  several  we* 4 
Bub»titiui»g»  with  the  game  view,  pieces  of  cloth  dipped  in  crutlc  *<  • 
i»  a  niijttnre  of  several  bu8ie  cupric  acetates  which   ha\-e  a  ^r- 
color.     Que  of  these,  2(Cj,U3D,)j;u"  .  CaU  .  t>  aq.,  is  obtained 

the  powdered   verdigris  in   w«irm   Wttter»  and  leaving   the  t**-, 

Bpontaneoud  eviiparation.     It  forms  a  hlne,  crysstalline  Diae««,  but   i 
lible  in  cold  water.      When  hojled,  it  d(rpo.<«it$  a  brown  pondcT^  »J: 
t^uhHult  with  hirgc  ex€e^»  of  bn^e.     The  green  insoluble  residue  ofibevM^ 
digris  contains  (CjH,Og),Cu  .  2CuO,3aq,;   it  niiiy  be  formed  by  digc»U(t| 
normal  eupric  acetate  with   the  hyd rated  oxide.     By  ebullitios  with  waUr 
it  m  resolved  into  uornml  acetate  and  the  brown  baeic  salL 

SiLVKft  AcKTATK,  CJl^O^Ag,  IS  obtained  by  mixing  pr>(a5«iam  »c*»il* 
with  aihi^T  nitrate,  auCl  washing  the  precipitate  with  cold  Vdatcr  to  ri'inoft 
the  potaHjiiiiiii  tiitrate.  It  crystalliKeH  from  a  warm  Evolution  in  small  cd4>f- 
lez^a  needles,  which  have  but  little  eolubility  in  the  cold. 

MrrturnuM  firrfoff  forms  small  scaly  crystals,  which  are  as  feebly  90ltthl« 
as  those  of  aeetute  of  silver.     M^rettric  aeetntf  dis&olveii  with  facility, 

Metutl  Acetatk,  C^n^DXITj.  occurs  in  crude  wood-spirit.  It  is  prepared 
by  distilling  2  parts  of  methyl  alcohol  with  1  part  of  glneinl  aoettc  acid  aad 
1  pari  of  Hulpliuric  acid,  or  1  part  of  methyl  alcohol  with  1  part  of  po(a»- 
eiuin  acetate  nnd  *2  parts  of  Bulpliuric  acid.  When  purifie<i  by  rectiBeatioi 
ovtT  ealciuJii  chloride  and  quick-lime*  it  forms  a  colorless  fragrajit  bquid 
of  8p.  gr.  IJ  95ti2  at  \f,  boiling  at  65°  or  6*i°  C,  (lJH'*-ia3«>  F.).  It  di»8oi»» 
in  water,  and  mixes  iu  all  proportions  with  alcohol  and  ether. 

Ethtl  Acetate,  C/I/JjCjHg,  may  be  prepared  by  healing  together  in  i 
retort  3  parts  of  potasHiuni  acetate*  3  parisi  of  strong  alcohol,  and  2  pari* 
of  oil  of  vitriol.  The  distilled  prmluct  is  mixed  with  water.  If*  <a;rpiirfttf>  the 
alcohol*  digested  first  with  a  little  chalk,  anil  afterwards  uii  r. 

chloriile,  and,  lastly,  rectiOed,     The  pure  ether  is  an  exc*  t 

limpid  liquid:  it  has  a  density  of  IhHKO,  anil  boils  at  7*i  o  i  i  <'>►  r  ;, 
Alkalies  iieeompose  it  in  Ibe  manner  alrendy  mentioned  (p.  GOl|«  VTbefi 
Ireatod  with  aiumonia,  it  yielda  aeetamidf,  hliJO^Hfi. 

Amtl  Acetate,  Cjir^O^Cj^ITj,,  prepared  in  a  Rimilar  manner,  bolla  st  Itl^ 

C.  (272*  F  ).  It  possesses  in  a  remarkiible  miinuer  the  odor  of  tlie  Jir- 
gonelle  pear,  and  is  now  manufactured  on  a  large  scale  for  flavoring  liquon 
and  confectionery. 

ETiiKNr.  Acetates,  —  These  compounds  may  be  derived  from  ethcne  al- 
oohol  (glycol)  by  subslitutiDn  of  one  or  two  equivalentin  of  acetyl  for  Uydrn' 

gen.    The  monactlatf,  (€^114)''''  |  ^^^  it  O'  **  produced  by  heating  ethrnf  <ii- 

bromide  with  an  alcoholic  solution  of  poiassnitim  acetate.    The  product  iidif- 
tillcd,  ilif  pDrtion  ciiming  over  at  182®C,  \M0^  F.)  being  kept  aeparatp.    It  1* 
a  colorless,  oily  litiuid,  mi?ieilile  in  every  proportion  witli  water  or  nl 
Hydrochloric  acid  giis  passed  into  elheno  nionaeetate  oouTerts  it  into  r<  > 

^  ,  which  10  precipitated, 


ncetochloridc,  or  g\yco\ic  t5\i\oTuoftV\Ti^C.4H»^-'  ^  ^t^  ^,  w 
DD  iiddJtion  of  water,  as  ftii  tjWj  V\cv^\^^'^«^%*'^'^^^'*  ^ 
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men!  with  potash  decomposes  it  into  cthene  oxide,  poi»ieium  scet&to,  fttui 
potit^^ium  cblorid*?. 

if  iu^  H  n 
A'thenedmceiate^Cja^'.  ^j^^^^^^y  is*  prepared  by  digesting  &  mixtwe  of 

etbeue  dibroniidi?,  silver  iLLMi:itirt%  &nd  glacial  acetic  acid  in  the  watcr-Wth» 
Kod  eiliuusting  the  «iigealed  iiijiss  wilb  ether.  On  disiilling  the  ethcrt-al 
solutioHp  ilie  c  til  IT  firHt  parses  over,  then  th«  acL^tic  acid,  and  lastly  ^  wben 
the  teiiiperaiure  has  r(iacbed  IHT**  C  (3GH°  F.),  ethcne  dincetnte.  It  is  a 
colorleiis,  neutnil  liquid^  of  sp.  gr.  l^l'JS,  at  0°;  soluble  in  7  parts  of  water 
and  in  every  proportion  in  aloohol  and  etker. 

Propenyi,  OB  Gr.TCEJtTL  AcKTATKST  on  AcETTNs, — Thesfi  ethers  arc  de- 
rived from  prnp^^nyl  ulcohol  (gljciTlii)  by  gubMtitutton  of  1,  2,  or  3  equiva- 
lents of  acetyl  tor  hydrogen.  The  formula  of  glycerin  being  (C|Hj)'''^  OHj^ 
those  of  the  three  acetins  are: 


I 


Mononcetin 
Diacelin 
Triacetia  * 


ley  are  oily  liquids,  produced  by  beating  glycerin  and  acetic  acid  to- 
gether, in  various  proportions^  in  i^ealed  lubes. 

AcKTir  CiiLoiuPK  OK  AcKTVL  t^'itumjisE*  CjUjOCU — This  compound,  which 
has  the  Const  ifUt  ton  of  acetic  acid  with  cliloraie  suliMtituled  lor  hydroxy  I, 
1!^  produced,  aj*  ulreatly  ob^et-veil  (p.  tUJ2),  by  the  action  of  p)io(»phoruB  tri- 
ofaloridoi  peniaehloride,  or  oxy chloride  on  glacial  i^cette  acid.  The  pro- 
duct heated  with  water  and  dilate  «oda-8olutiont  to  remove  pboHphorua 
oxy chloride  <ind  hydrochloric  acid,  and  then  rectified,  yiehlt*  acetic  chlo' 
ride  as  a  coloricBs  liquid,  having  a  suflocating  onJor  and  (•milting  dense  fumes 
of  bydroddonc  acid  in  coatact  ^^ith  the  air.  It  is  heavier  rhau  water,  boiU 
At  55®  C-  (13P  F.  t,  and  i«  decomposed  by  water  and  alkaline  Boiutions, 
yielding  hydrochloric  and  acetic  acids* 

A^KTic  OxFDE  OE  ANnvnttiUE,  €^11^0^  =r  (C,HgO)p»  flometimea  called 
JLnhydrmt9  acetic  acid. — Thi»  eompound  in  obtained: 

r.  By  the  action  of  acetyl  chloride  on  potassium  or  sodium  acetate: 
C,H,0(OXa)     4-     CJl.OCl     ^    IfaCl     +     (C,H,0)sO. 

2,  By  heating  sodinni  acetate  with  benioyl  chloride,  C^H^OCl,  whereby 
benzo-ncetic  oxide  \h  formed  in  the  first  instance,  and  »ubsei|Uient)y  remjlved 
into  acetic  and  henxoic  oxides^  the   former  dit^tilling  over,  while  the  latter 


C,H^O(ONa) 
Sodium  acetate. 


4-      C^n^OCl      s=      NaCl      -f 


Benio- acetic 
oxide. 


BcBioy] 
chloride. 


(C,II,0),0 

Aeeiio 
oxide. 


+ 


Benzu-acetic 
oxide. 

Benzoic 
oxide. 


Icetie  oxide  ia  a  heavy  oil  which  dissolves  slowly  in  watet^  bsi\\^%  ^^^^xk- 
converted  into  acetic  acid  : 


lCfyO)fi 


OH. 


ICJtVj^^OV^V 
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Ati^9  dtritfed/rom  Atetie  Add  ^y  SuhsHtutiom* 

CntoitACETi€  Acj»8.—  The  ttiree  acids*.  C,lJ/nO^  C,Hj,Ct^O^  mndi 
are  proUuceJ  by  the  neiion  of  cblortne  on  ucetio  acid  m  sQneli 
secoucl*  howcTer,  ifi  foroied  in  amull  i{uunltty  only,  the  first  or  the  (}&  ^ 
ing  produced  ia  greatest  abundance  a^corditig  aa  ike  acetic   acid  or 
cMorine  is  in  t*xcesi. 

MomchluraceUc  add,   CjfljCIO(OH),  \n  produced,  according   to  IL 
maniit  by  the  aciiun  of  chluHuo  uu  boilijig  glacial  acetic  acid  in  iq 
Dr.  If.  Muller  (\nds  that  tiie  formalion  of  mouochloracetic  acid  ia  ffl 
by  dispolving  a  little  iodine  in  the  hvd rated  acetic  acid,  and  pasaingl 
of  cblorine  through  the  boiling  golution.     On  submitting   the    prw 
this  reliction  to  repeated   distill  tit  ion,  a  9ub»itance   is  obltiined   baiUn|4 
WiP  C.  {'M'tl^F.),  and  solidiJjing  to  a  crystftlline  u»asfi  which  mvltM  »i  f 
r.  (HT^F,)  and  dissolves  with  facility  in  water.     This  acid,  wJien 
with  potasb,  is  converted  into  potassium  glycoUate  (p.tiOi); 

CJJ4CIO,     4-     2KH0     ==     KCl     +     C,H,0,K      -|-     Ofl, 
Chloracotic  Poiasiiium 

acid.  gly  collate. 

Dirhh/rrjcetic  tieiti^  CMChOiOll),  19  produced,  logether '^v-**    ^' 
mpound,  by  the  action  of  chlorine  nnd  iodine  on  boiliit 
fuiind  ill  thai  portion  of  the  product  which  boiU  iibovt 
According   to    Mriuineii(£,*  it  may  be  obtained  by  exp 
acetic  acid  in  large  flasks  to  the  action  of  dry  chlorine  (oai- 
Ij^rnoleciilesi  of  chloracetic  acid;  for  twenty-four hottr«,  warniiui;  the  jn-vdwcy 
expel  hydrochloric  acid,  and  then  distilling.     At  ordinary  temperaturet 
h  a  liquid  having  a  specific  graTity  of  l'621tJat  15**  C  (5t**  F,).  and  boilj 
at  10o*^(\  (*J*21**  F,J.     According  to  Miiller,  it  rcinaius  liquid  when  coolp 
but  according  to  >ianmenp,  it  erystallijes  in  rhombohednil  plat*  • 
f%  Hobible  silver  salt,  f  IICh^t»^Ag,  which  is  decern pos'cd  when  i 
heated  with  silver  oxide  to '76**  or  80*,  giving  off  a  mix! ore  of  t- 
oxide  and  dioxide : 

2C,fICl,0,A6  +  3Ag,0  ^  2C0  +  2C0,  -f  4.Vg€l  +  2Ag,  +  OII^ 

Trichhratttic  arid^  C.,C1,0(0H). —  Discorered  by  Dumas.  WUeo  a  unall 
quantity  of  cryFtalliiablE  acetic  acid  ia  introduced  into  a  bottle  of  dry 
chlorine  ga«,  and  the  whole  exposed  to  the  direct  solar  rny»  for  fsevrr*! 
hours,  tlio  interior  of  the  vessel  is  found  coated  with  a  white  crysrallift* 
eubalnnee,  which  if*  a  luiiture  of  trichloracetic  acid  with  a  small  C|uantity 
of  oxalic  acid.  The  liquid  at  the  bottom  contains  the  aame  subi«tftnces,  to- 
gether with  I  he  unaltered  acetic  acid.  Hydrochloric  and  carbonic  tcid 
g«*e9  are  at  the  pame  time  produced,  together  with  a  suffocating  vapor,  re* 
aembVing  carbonyl  chloride.  The  cryslallino  matter  is  di&*olved  out  by  a 
small  quantity  of  water  added  to  the  liquid  contained  in  the  bottle,  and  tbt 
whole  ia  placed  in  the  vacuum  of  the  air-pump,  wiih  capsule-s  containiof 
frngmenta  of  oauelic  pot.ash  and  coneentrated  sulphuric  acid.  The  eialifl 
acid  U  first  deposited,  and  afterward  the  trichloracetic  acid,  in  heaulifu! 
rhombre  crystal**.  If  the  liquid  refuses  to  orystallixe,  it  may  be  di*tllled 
with  a  little  anhydrous  phosphoric  acid,  and  then  evaporated.  The  cryi- 
tals  are  spread  upon  bibulong  paper  to  drain,  and  dried  in  a  Tacutim. 

The  reaction  probably  takes  place  according  to  the  equation: 


Acetic  actd. 


Trichloracclio 
acid. 


Oxalic 
acid. 
At     ^CliCi, 


•  ^\\,  Imt,  ^\m*  ^ ^fflUA'^V^'  ^'^'^ 


The  chloroform  is  conrerted,  by  the  further  aetion  of  the  chlorine,  into 
carbon  leirac  bio  ride,  C'l^  (Mauiuend). 

Trichlomc^tic  aciil  may  also  be  producpd  Pjnthelieallj,  tii.,  by  the  ac- 
tion of  chlorine  and  \riitor  on  ciirboo  telracliloriile,  thi*i  compouiid  first 
til  king  lip  2  a.\mim  <jf  cblarine  and  rurintng  curboti  irichloride,  t'jClg.  And  iho 
latter  being  converted  by  ihts  water  into  byilrocbloric  anil  ti^iebloracetic 
acids : 

c,ci,      -f      2on,      =      suci      +      c,Hcy>j 

Trichloracetic  acid  is  &  colorless  Atiil  extremely  deliquGsceot  Bubstance : 
it  has  a  fntnt  odor^  and  aharp  caustic  tante.  bleaching  the  touguo  and  de* 
©troyirtg  the  ?kin  ;  the  Molulioti  i»  powerlnlly  iicid.  At  41j°  C  (115'' F.)  it 
nitdfa  to  n  ck'ttr  li<4uid,  and  At  IB'J*'  C,  {'l^^iP  F.)  boils  imd  distils  unchanged. 
The  denitity  *if  tbo  fused  acid  is  1*017;  tbat  of  the  vapor,,  which  in  very  ir- 
ritating. 19  probably  50. 

The  irithtoriicHtite*  are  analogoua  to  the  acetates.  The  potas»tum'injlt, 
2CjtJljO,K ,  arp,  crystiiUiies  in  tibrons  silky  net"dle»»  permanent  in  the  air. 
The  tunmonium-mlt^  ^C^CljtJ^NIL  .  5  Aq  ♦  is  al^o  oryetalliiahle  and  neutral. 
The  aiivttr-Atiif^  C^CljO^Ag,  is  soluble,  and  cryetalliies  in  a  mall,  grayi^ih  i$caleS| 
easily  altered  by  light. 

Trichloracetic  acid  boiled  with  excess  of  ammonia  yields  ammonium  cur- 
bonato  and  chloroform: 

CaHCJjOj    +     2NHa     +     OH,    =    COj(NHJ^     +     CHCl, 

Witli  caustic  potash,  it  yields  a  stimller  qimtitity  of  chloroform^  together 
witb  potasiiimn  ehloridc,  carbonate,  and  formate.  The  chloride  and  for- 
mate  are  secondary  producta  of  ibe  re&ction  of  the  alkali  upon  the  chloro- 
form. 

Nascent  hydrogen  reduces  trichloracetic  to  acetic  acid.  When  potABsium 
or  sodium  amalgam  is  put  iuto  a  ytrong  aqueous  aolution  of  trlchluracetio 
acid,  the  temperature  of  the  liquid  rises,  without  di!( engagement  of  gaa, 
and  the  solution  is  found  to  contain  acetate  aud  chloride  of  potai^siuni,  to- 
gether with  cauistic  potash. 

Bromacetic  Acms.^ Monobromacetic  add,  C,H,BrO(OH),  discovered  by 
Pcrkiu  and  Puppa^  is  analonroug  in  every  respect  to  monochloracetic  acid* 
It  is  formed  by  aciing  with  bromine  on  glacial  acetic  acid  in  sealed  tubea 
at  a  temperature  abuvo  that  of  boiling  water.  Amttnmia  converts  it  into 
glycocine,  CjHjNO^  (p.  fill). 

Ifif/romacrtk  untt,  C3lIBr,0(0IT).  is  obtained  by  the  further  action  of  bro- 
mine upon  hromacetic  acid.  It  in  a  liquid  boiling  at  240'^  C  {iVA^  F.J; 
heated  with  silver  oxide  and  water,,  it  is  decomposed  into  silver  bromiue 
and  bromogly collie  ocid ; 

2r.JI,Br,0^     +     Ag,0     +     H,0     =    2AgBr     +     2C^U^BvO^ 

Dibromucetio  Bromogly- 

acid-  colli  c  acid. 

Ethtfl'dihromaceMe,  C,HBr,0,  -  C,Hj,  produced  by  beating  an  ale  oh  olio 
solulion  of  the  acid  in  a  sealed  tube,  is  an  ody  liquid  wbicb  ia  decomposed 
by  ammonia,  yielding  alcoliol  and  dibromaectamide : 

CjHBrjO, .  C.Hs     +     Nil,     =     C^VLfiU.     -f     NH.,C,HBr,0 

louAcrTH?  Acit>.  CjIIjIOy  and  Di-iooacetic  Acid,  CjHjI;,0^  have  lilke- 
wiae  been  obtained. 

TitiAcsTw  Actt>,  C,n^08,  or  C-n.O(SH),  or         V  •  — "tVv^  vi\^,  ^vir 

0— C— %B. 
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ooYereil  by  Kckul^,  is  formod  bj  Ihe  nelion  of  phosphorus  petii*8ulpy4e 

oa  gleiclul  acetie  iickl: 

ThJttcetic  ncn\  \»  n  colorUvss  liquid,  boiliug  at  93^  C.  (190°  F.) ;  it  »ai«n« 
Uku  tkceiic  ucid  and  Lydrugeu  sulphide.     WUk  t^oluliou  of  lend  iu)«ttttei  it 

forms  ft  orytjtalliue  precipiUie  coDtwnmg  (C,UflO),Pb''S^  w  Pb^^  |  ^^j*^ 

AMrDACRTio  AciP,  or  Glycocisb,  C^HjiNO,*  or  C,Hj(Nn,)Oj- — This  ooju- 
pound  is  iormed  hj  the  motion  of  ammouia  on  broumcetio  or  chloraociic 
tkcid :  "^ 


CMornceiio  Amidjiceltc 

so  id.  acid. 


I 


It  is  also  produced  by  the  nctioti  of  aclda  or  allcalics  upon  aniroal  enh* 
»taiice*f,  aucli  an  glue^  hippuric  acid,  glycoUlc  acid,  etc.  From  LippuriQ 
lioid  it  is  formed  accordiug  lo  the  ei|ualIo»: 

.C,H^NO,        -f        OH,        =        C^H^NO,        +        C»H,0, 
Hippurio  acid.  Qlycocine.  Benzoic  acid. 

To  prepare  it,  bippitric  acid  (3  boiled  for  seTeral  lioi^rs  with  conoentrated 
hydrochloric  acid;  the  liquid  m  erapyralcd  nearly  todryncs*;  tbe  residae 
exliausled  with  cold  water;  Lho  soluiion  trealt^d  with  lead  oxide,  to  depa- 
rale  lliu  hydrochloric  acid,  and  filicred:  the  filtrate,  after  precipitation  of 
iUe  lead  by  sulplmretled  hydrogen,  yields  on  evaporation  hard  transparent 
crystals  of  glycodno.  Glycoojiie  is  easily  sohibk*  in  water,  nearly  insol- 
uble ill  aleohol  and  ether.  It  combines  with  acids  in  different  proportions. 
With  Bulphurie  ticid  it  forms  the  compound  (C,HjN0j)jS04Hj;  and  on  addi- 
tion of  alcohol  lo  a  s-dutioii  of  this  sulphate,  a  salt  crystallising  in  rectan- 
gular prisms  la  deposited^  containing  .^CjH^NOj .  SO|H,.  Glycocine  also 
forms  saline  compoyurls  by  subHiitution  of  metal  for  hydrogen;  for  example, 
CJIyCu"Nj04.()ll,,  and  Cgll^AgNO^:  it  also  combines  ivilh  metallie  iialia, 
fiirmirkg  crystallitie  compounds^  «uch  as  CjUjNO|.  NO|K,  and  C^^3I0|. 
NOjAg. 

Sitrout  aeid conYeris  glycocine  into  glycolUc  or  oxyacclic  acid; 

CH|jfNII,)0,    +    25O(0H)     =    C.H3{0H)0^    +     OH,    -f    N, 
Amidacetio  Oxyacelio 

acid.  acid. 

Methyl'ffl^eoHnt,  or  SarenHne,  CJBj^Of,  or  r,H4(CE,)N0p  isomerie  with 
alanine  (p.  619),  ]»  produced  by  digesting  etliyUchloraoetato  with  aa  «xo«aa 
of  a  concentrated  aqueous  polulion  of  mclhylatniao: 

C,n,C10j.C,M^    4-    2NH,CH,    +    OH,    =    C,n,(€H3)(NH,)(\ 

tSarco«tue. 

-f     NH,rn,.HCl    4-   CJIsiOH) 
MetliyUimiae  AlcohoL 

hydrochloride. 

The  aam«  compound  ii formed  by  boiling  creatine*  with  baryta- wat«r ; 

ammonia  is  then  eliminated,  a  precipitate  of  barium  carbonate  aeparalct, 

ami  the  polulion,  after  I  he  removal  of  the  barium  by  carbonic  acid,  yields 

on  pvapnrwHon  eolorleas  rboTOWvc  YT\%m«  o^  mrco!«ine.     The  creatine  splits 

mio  8arco»inc  and  utea,  tbe  \axi«T  \>ftm?.lunV«  e^^t^xs^v^^^^^v^*  ™monia 

*  ^  \\l«  aiapX«  fti^  <itiBM*\Si  ^«*B^ 
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and  carbonic  ncid.  Sarcosino  diMolves  with  fAcilify  in  water;  it  h  diffi- 
cultly Moluilile  in  tilfrobol,  tnHolublo  in  etber^  tind  has  tio  action  upoti  vegc- 
ifible  crtlora*  It  combin<?sj  wirli  acids  to  suhible  stilts,  which  biivt»  an  acid 
reaction.  Tlie  douhlt!  salt  of  Barcosine  with  plrttinum  tetraclilorido  crj^s- 
inlliies  in  large  yellow  octoliedrotn^  having  the  composition  2C.H.N0,* 
2UCKPtCl^.2  Aq. 

Propiottio  Acidi   CjIlgO,  ^  C.H50(0H)  =    I  .—This  acid  19  pro- 

COOII 
duced:  !♦  Asa  potassium-suit  by  tlic  combiniUiim  of  carbon-dioxide  with 
po*ft?aitim-€tliyl,  CO^  -f  CJl^K  ^  CU^CjlJpJUK.  --2.  By  tbe  action  of  acida 
or  alkalie.11  on  ethyl  cyanide  (p.  I>99),  —  3.  Bv  the  Bimultaneous  action  of 
water  and  carbotiyl  chloride  on  ethane  (p.  59^1} ^^4.  By  the  oiidation  of 
propionic  aldehyde,  C^H^O.  It  ghonld  aUo  be  formed  by  oxidation  of  nor- 
mal propylic  alcohol:  but  that  compound  ia  not  known  with  certainty 
(p.  6;il). — ii.  Together  with  acelic  acid*  by  oxidising  propioue,  or  meta- 
cetonc,  I^jHjqO,  witli  aqucons*  chromic  acid.  This  ii*  the  process  by  whioh 
it  wft9  fiTMt  obtained. —  ti.  From  lactic  acid  — ^from  which  it  ditfera  only  by 
contaiainjz;  one  atom  of  oxygen  loss  —  by  the  action  of  hydriodic  acid; 

4-      2U1      =      r:,ii,o,      +      oh,      +      i. 


Lactic 
acid. 


,11,0, 

Pro  pi  onto 
aaid. 


7.  Together  with  several  other  products,  in  the  fermentation  of  glycerin, 
and  likewise  of  »ugar»  by  the  action  of  putrid  cheese  iu  piesence  of  oal- 
ciitm  carbonate. 

Propionic  acid  ia  usually  prepared  by  the  second  of  the  above-mentiotied 
procesacH,  Kthyl  cyanide  ia  add«d  by  drops  to  a  moderately  Htrong  solution 
of  potash  heated  iu  a  tubulated  retorl,  tlic  disiillixte  biMUg  repeatedly  poured 
back  fLS  !oris  us  it  strnelk  of  ethyl  cyanide.  The  residue  in  the  retort,  con- 
slating  of  potagsiura  propionate,  is  then  CTaporated  down  to  dryneas,  and 
distilled  with  syrupy  phosphoric  acid. 

Propionic  aciiJ,  wlieu  perfectly  dry,  cryatallizes  in  laminae,  and  botlB  at 
HO*' C,  (284°  F.).  U  is  aoluble  in  water,  and  when  the  water  la  quite 
saturated  with  it,  the  excess  of  acid  floats  on  the  gurfacc  in  the  form  of  an 
oil.     It  has  a  very  soar  taste,  and  a  s^omcvvhat  pungent  odor. 

Till'  propionates  arc  soluble  in  xvater.  The  bur ium- tall,  (CjHjOjj^Ba^^, 
yiehls  pri>pio«e  by  dry  distiUatiori. 

Propionic  acid  forms  stibfllitution-pToducta  with  chlorine,  bromine,  and 
iodiniv  Chtoropropionk  acid,  CjHjC.'lO^,  doea  not  appear  to  be  formed  by 
the  action  of  chlorine  on  propionic  acid;  but  it  is  obtained  by  treating  the 
calcium  anU  »f  lactic  acid  with  phnsphorua  penlachloridc,  whereby  laetyl 
chloride  or  chloropropiooyl  chloride  is  formed,  and  decompOHing  thia 
chloride  with  water: 

t:,l!^0iO({),     -f    PClj     =    C,H,riO.Cl     +     PClaO    -f    OH, 
lactic  acid,  Chloropropionyl 

chloride. 

CjiT^cio.ci     4-     on,     =     HCi    +     cjT^riofon) 

Chloropropionyl  Chloropropionio 

chloride.  acid, 

riiloropropionic  acid  in  a  liquid  lewTolatilc  thnn  propionic  acid,  and  hav- 
ing the  o«Jor  of  trichloracetic  acid.  Nascent  hydrogen  convcrid  it  into 
propionic  acid, 

Jiromopropioitrc  acid,   C^II^HrOj*   produced  by  \\vQ   ?LcVvQtv  Ci^  \>TW3t\v&fc   «^ 
propionic  acid,  ia  converted  by  alcoholic  ammt^ma,  m\,«i   al«nin*,  qt  awi^do- 
^rff/ftamti  acid: 


c^H^uro^      +      o^vn,      =^      c»Hi(!sn;^o 
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Alanine,  homologous  with  glycocine  and  isontcric  with  lairosine  fp,  ^X\ 
is  ttlso  produced  bj  boiliDg  a,  mixture  of  aldehyde-aiaiuoiiia  and  lij-d 
cyanic  ncid  with  dilute  hydrochiorio  »ctd: 


C^H/KNIfj    +    CNH    +    HCl   -f   OH,  ^  NH^Cl  -f 


AliLnine. 


¥ 


AM  eby  de- 
am  111  onifi. 
On  eTaporaiiog  the  solution,  extmctm^  the  hydrochloride  of  alanine  with 
iilcobol,  and  sepuratiDg  the  bydroohloric  acid  by  hydrale<l  lead  oxide,  t 
solution  is  obt^ini'd  cuiitjiitilug  alAiiino  in  oouibirintion  with  lead  oxide, 
from  wUicU  ihc  aliiuinu  may  be  separated  by  saturating  the  solution  with 
sulphuretted  hydrogen,  filtering;  and  eviiporating.  It  forms  rhombic  pri«m« 
of  a  pearly  lunlre,  easily  solyble  in  alcoUol,  sparingly  soluble  in  ether. 
Aluiiiue,  like  gly^rxtine,  combiueti  with  aeid^,  haseH,  and  salts. 

JiJiirous  aoid  ooiiverls  alanicie  into  lactic  or  oxypropionic  acid,  C^R,0^ 
the  read  ion  beitig  exactly  eiiaiilar  to  tbat  by  which  glycocino  is  coa verted 
into  glycollic  acid. 

BiLtyric  Acid,  C|  11^0,2=0^11^0(011).  —Acids  having  this  composition,  are 
obtained  by  the  following  ;*ynlhetieal  procesBes: 

a.  By  the  action  of  ethyl-iodiile  on  monosodic  ethyl  aectfitc  fp.  (500),  and 
deconipoflition  of  the  resulting  elhylio  etbyl-aceifttc  with  potash:  Ihe  pro- 
duct thus  obtained  is  ethyl-acetic  or  normal  butyric  acid  : 


CH.Na 

cH.rjr, 

1                 + 

cAi 

K*l 

+    J 

COOC.E. 
Ethyfic 

Mono»c»dio 

Ethyl 

«thyl-aeetato. 

iodide. 

ethyl-acetate. 

CH,C,H. 

cnxjij 

1                 + 
COOC,TTj 

HOH 

=     C,lI,(OH) 

COOH 

Elbylic 

Water. 

Ethyl 

Etbylacctio 

ethyl-acetate. 

alcohol 

ncid. 

/:;,  Bisodic  Gthyl-acotate,  treated  in  like  manner  with  methyl-iodide, ; 
dimothylic  ethyl-acetate: 

I  +        2Cirj       ^       2NaI         +      ) 

cooCjiij  cuoc,n,i 

iiiid  this  compound,  treated  with  poUsh,  is  conTerted  into  dimctliyl- 

CB(CH,), 
or  isobutyrio  itoid,  I 

oooir. 

Elhylacetic  acid  boils  ai  IBP  C.  (322®  F.),  dimethylacetic  acid  at  152* CL 
(305^  F.)  (Franltliind  and  l>yppa). 

Butyric  acid,  identical  with  the  first  of  these  synthetical  products,  occura 
ready -fortned  in  tamartuil^^  and  a  few  other  plants,  and  in  certain  beetles, 
and  is  obtained  artiieiiilly  hy  Revertil  proeesaes. 

1.  By  oxidation  of  prinmry  bulyl  nlcohol,*  —  2.  By  saponification  of  ordi» 
nary  butler,  which  contains  tribulyrln:  "^ 

(c,H,)^'^(0€ji,o),  +   8K0H  =   ^c^ufiu   +   r,n,(on,) 

Tributyrin.  Fotati,«ium  Ulycerin, 

butyrate, 

•  rf  Krtpnmpyn'n  view  of  th««  rCHti*t\\\Aioi^  rtt  t>vi4  lTTT**tvV*.\\«»i\  «\^tAwA%\)A  «^nert«<t.v^e*iftiiftyi 
prtMf (It'll*!  hy  oxiA&Uoti  of  huty\  n^cibol  obtattwd Itwa  tuvA  ii\\,m>««i\A  \a«\MdiM\^xv^«i9^%Xkifc 
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Ja  of  tliD  ficries  are,  however,  formed  at  the  same  time,  which  are 
if  fit  cult  trt  ?efmrat€». 

By  the  furnnfTitatitm  of  sugar  in  contuct  wttli  pnlrid  chee*«e  and  chalk, 
ilcium   InctHiiio  bc?iiig  lir-^t   fornied  in  large  qniinlit}%  iind  aftorwuni  dia- 
\h^d  and  converioil  into  liutj^ratf*  which  nmj  he  decomposed  bjaulphurio 
noid,  nnd  diMilled.     This  cortver!«ion  of  lactic  iuLo  btitjrio  acid  probably 
takes  pltLce  ti»  sLiown  by  the  ecjuatioa: 


Liictiu  itciil. 


Butyria  acid. 


2C0a     +     2H, 


Butyric  acid  thns  obUinetl  ia  a  colorlcsa,  Tcry  mobile  liquid,  hftTing  nn 
udor  of  acetic  acid  and  abo  of  rancid  hniter.  Its  specific  gravity  is  0-i>886 
ftt  fP,  and  0'9730  at  15*-  At  the  tcmpcmtiir^?  of  ii  mixture  of  solid  car* 
bonic  acid  and  ether  it.  erystftllistes  in  large  Uminm.  It  boils  at  104"  C, 
Iti'll"  F. )»  giving  off  a  viipor  wliich  hiiriia  with  a  blue  flrime.  I(  disnolvisa 
lu  all  proportions  in  water,  alcohol,  and  wood-spiriL     Boiling  nitric  acid 

Inverts  it  into  succinic  acid: 


Butyric 
acid. 


+    0,    =    20U,    + 


Buceiiiio 
acid* 


I 

^■^   The  metallic  butyratea  are,  for  the  most  part,  soluble  in  watcr^  and  crya- 

^Bjftllixable.      The   eaiaum   atit   I'^HjOjCa^'';  yields    butyrone^   C^H^U .  C,Ii^ 

^M^y  dry  diittillatiou. 

^F  Eihi^i  IlutifmU.  C^H^Oj .  CjH^,  ia  a  liquid  hnving  a  pleitBant  fruity  odor: 
it  is  aoukolimes  uae<l  for  Havonnjf  eniifeciionery. 

Butyric  acid,  siibjecled  to  the  action  of  tivy  chlorine^  ia  concerted  first 
into  dkhlorabutyrk  c/cif?,  l\H^(?ljOj,  and  afterward  into  trtrnehlorohutf/ne 
a*uti,  C^n^ri/l,.  Heated  with  btQinine  in  i<ealed  tubi'»  (o  !5U«»-20t)<»tT.  (Jitfci**- 
?,\\2P  F*),  it  forms  mono-  or  dihromtthutf/rk  und,  according  to  the  propor- 
tioM«  used.     Dibronuibiityric  acid  is  crystalliE:tblc. 

Awiihbutyrk  actd,  ("^lljNO,,  or  f\l!ji  N  11^)0^,  is  said  to  exist,  together 
with  its  homolognCf  leucine  or  niiiidocaproic  acid^  in  the  pancreas  of  the  ox. 

ValeriCt  or  Valerianic  Acid,  €511,^0,  =-  CyipO(t3H), — This  acid  occurs  in 
Taleriun  rout,  in  artjjjcliea  rooi,  tn  I  lit-  bcrrifH  f^V  ihu  gnrldt'r  ro*<e  (  yibur' 
nutu  optditx)^  and  jirobnbly  in  many  olher  pi  an  1 8  It  is  produced  by  (he 
oxidaiitin  of  amyl  alcohol^  either  by  nbHorpiiori  nf  iiinio?ipj'ieric  oxygen 
under  the  influence  of  platinum  hbicl:,  or  by  treatment  with  aniieuus 
chromic  aciil,  or  by  heutinf?  it  wjlh  a  niixtnn'  of  cimwtic  poln^li  and  quick- 
lime, the  reaction,  in  this  last  case,  being  attended  wilh  evolution  of  hj* 
drogen : 

CJT,,0     -f     KOII     :=:     CJT,0,K     +     OH^     +     H, 
AiJiyl  Potasaium 

alcohol.  valerate. 

The  poiaasium  salt,  distilled  with  milphiiric  acid,  yields  Tftleric  acid. 

The  most  advantagcons  mode  of  preparing   valeric  acid,  is   to  oxidise 
amyl  alcohol  with   a  uiixture  of  sulpbiiric  atid   pola^siniu   bichromate*     4 
parts  of  the  bichromate  in  powder,  b  parts  of  oil  of  vitriol,  aod  8  part^  of 
waler  are  mixed  in  n  capacious  retort,  and  I  part  of  nniyl  alcohol  is  added 
by  ^imall  porlions,  with  strong  agitation,  (he  retort,  being  plunged  into  cold 
Witter  to  nioderale  tlic  vintonce  of  the  renetiori*     Whun  the  change  appears 
complete,  the  deep-green  liquid  is  flifttilled  nearly  to  dryness*,  the  product, 
mixed  with  exce*»s  of  cfiostic  potash,  and  the  ao^vieou?^  %ft\\W\QTcv  %*n^>\XTiVVtt^ 
niechanicalJj  from  a  piinf^rent,  ctdorleBS.  oi\y  Vu\uvV  viVvvtVv  ^^>ftX%  wv'^va.  W^ 
ooiistisdttft  of  umjt  Viilej-ute,     The  alkali nt;  f^o\u^VoYv  va  \.\v^\i  ^xw^wt^-V^^ ^** 
il  5^* 


! 
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sniftU  bulk,  and  decomposed  bj  dilute  sulphuric  acid  in  tztt^B.  Tbe 
grciitcr  part  of  live  vulcric  Acid  then  separates  ati  ad  oiJ^  |iqui»l  Itgtifer 
tban  water:  this  is  a  hydrate  cousisting  of  t\II|^Oj.  OH,.  When  disiJlt^ 
nlone,  it  undergoes  decomposition:  water,  with  u  little  of  tbe  acid,  fiwt 
appeftrn,  and  cventuallj  the  pure  ncid,  CjH,gO^  in  the  form  of  ih  thin.  oii>* 
bile,  coloi-leas  oil.  UaTing  the  persistent  and  charaeterl^iic  i>dor  of  ▼alcri«ii 
root.  It  bas  a  sibarp  and  ncid  taste,  reddens  lilnius  »trotigl_v,  bleaches  llie 
totiguc,  and  burns  when  in  flamed  with  a  bright*  yet  !*riioky  lijrht.  Vah'Hc 
acid  has  a  density  of  0  937  :  it  boils  at  175**  C.  (347^  F. ).  Placed  in  Cf»n- 
tact  with  water,  il  absarba  a  oertaiD  quantity,  and  ta  itself  to  m  ccrtaiii  ex- 
tent soluble. 

Valeric  acid  is  actiTe  or  Inaoiire  to  polarized  light.  accordln|r1jr  «4i  it  Vil 
been  prepared  from  active  or  inactive  amyl  atcohob  That  which  has  been 
prc'pared  from  I  he  nciiye  aleohr>l  produces  a  right-handed  rotatjoti  of  13^ 
in  a  tube  iK)  cent  i  met  res  long.* 

The  melallie  valeraleii  are  not  of  much  importance;  several  of  them  %Tt 
erystalliisiblc*  The  xiit'er-tntf  conlalns  C^H^OjAg-  A  solution  of  potassiQiD 
Talerate,  subjected  to  electrolysis,  yields  iiibutyUC^H|j  (p,  476). 

Ffht/t  vftifrat^t  t^HgO^ ,  ^t^h'  ^'^  obtained  by  passing  bydrocMoric  acid  ga* 
into  an  alcoholic  ^olutiDn  of  valeric  acid.  Ainmonia  coDverta  it  into  jSkr 
ramide,  Osll^UNIly 

CuiOROVALERic  Arrps. —  TViehhrovahrir  aad,  C^H-ClaOy,  obtained  by  lie 
prolonged  action  of  chlorine  on  valeric  acid  in  the  dark,  aidt^  toward  il»e 
end  of  the  process  by  a  gentle  heat,  is  an  oily  liquid,  becoming  very  viscnl 
at  m^  i\  {ii4^  F.),  perfeclly  mobile  at  30®  C.  (^e**  F.).  In  contact  wiih 
water  it  forms  a  very  viscid  hydrate*  whit'b  pinks'  to  (he  bottom.  It  di*- 
solves  in  aqueous  alkallc«i,  and  is  precipitated  by  aoiils  in  its  original  fitatf. 

Tftrnthhrnvolrric  <ifid,  t'sHjClitl^-  is  the  uliimate  product  of  tbe  action  of 
chlorine  on  tke  preceding  subt^latice,  aided  by  exposure  to  the  imn.  It  isi 
Bcmitluid*  colorless  oil*  destitute  of  odor,  of  powerful  pungenf  -  ■-  -^ 
heavier  than  waier.  It  can  iiei flier  be  solidified  by  cold  nor  dr 
out  deeomposiiiou.  In  confacl  with  water,  it  forms  a  hydrate  ..  .i^:....^ 
C^ll^ri^Oj.  Oil^  which  is  slightly  soluble  in  water,  easily  soluble  in  alMiboi 
and  ether. 

humrrie  foTjm  r*f  Valrric  add, — The  formula  CjH,<,0,  maj  include  Dbf 
four  foilowing  compounds: 

CII,Cll,Cll^CIfa       CHjCI^CHa),      CHCira[CH,CHJ       r(rH,>, 

COOH  COOK  C»X>II  r<x»ii 

Propyl-  iMopropyl-  Metbyl*ethyl-       Tiiinettiji 

aoefic  acid.  acetic  acid.  acoUc  acid.         acetic  aejiL 

The  second  and  fourth  of  these  acids  have  been  prepared  by  Franklaiid 
and  Duppa.f 

cn,cn(CHj),  ~ 

Ethyl  itoprop^tiKelaU^    |  ,  is  obtained  by  the  action  of  isopl 

pyliodide,  CtI(CH|)jI.  on  nioiioi^odic  ethyl  acetate,  and  fVoiii  this  ether  iis* 
pTupfflacttk  nc/rf  ta  prepared,  as  in  tbe  stmilar  cases  previously  d^^seribed. 

It  is  identical  in  every  respect  with  valeric  acid  prepared  from  opticnily 
inactive  amy!  alcohol. 

Trimftk^flucftic  arid  ia  obtained  as  an  ethyl  other  by  the  aoUoxiof  methyl 
Iodide  on  trisodtc  ethyl  acetate: 


•  /*BB«r,  Chem.  8oc.  JotwfniAV^V'^V.I** 


\  C\iMa.  fioc  JohtiiaI  [2],  v.  101 


^ 


CAPROIC  —  CENANTHTLIO   ACID. 


619 


CNa, 

I 


+     acHji 


SNal      +  I 


C(CIT,), 


C,H,, 


COOCjfHj 


Ciproic  Acid,  TaHj^Oj  =^  0^0^0(011)  =  I  . — This  acid  is  produced  by 

COO  If 
the  action  of  nUctiUes  or  ncida  on  amjl  cyanide,  C^rf^.CN  (p.  500);  ft!,'^o,  aa  a 
Bodium-miit,  hy  the  action  of  carbon  dioxide  on  goditim-nniyl;  t^O^j-j-r^Iiu 
Na=C0(C5ll,j)0Na.*  It  occurs  us*  a  glyceride  in  tlio  lintlcr  of  caw's  uiilk, 
and  abmidnntlv  in  cocoa mnt  oil;  it  is  a  not  unfreqiH-ni  product  of  the  oxi- 
dation of  fritty  ncitla  of  liigficr  atcitiiic  weigh!,  and  is  also  prmiitciMl  by  I  bo 
oxidrttion  of  poppy  oil  and  of  casein.  It  omj  be  prepared  from  cocoii-nut 
oil  by  saponifying  the  oil  with  sli  img  soda -lye,  and  distilling  thii  soap  witli 
dilute  siilpliiiric  acid*  The  distillate  coutuinn  caproic  and  caprylic  aeida, 
and,  when  neutralized  with  buryh*  and  evaponitt-d,  yield?^  first  cryslsils  of 
barium  cjiprylare,  and  afterwards  verucose  crystdls  of  ihecaproate,  which, 
when  decomposed  by  sulphuric  acidi  ylehl  cuproic  acid. 

Cuproic  n«id  is  a  clear  mobile  od  of  sp.  gr.  Oljr^l  at  15*',  having  a  sudo- 
ritic  odor  ami  pufigcnt  ta.-4te.  The  acid  jir^'parinl  from  aniyl  cyanide  soUd- 
ific«>  at  — 1*°C.  (10°  F.),  boils  at  lim^  C,  (n8S'='  F.  i,  ami  is  activi*  to  polari/ed 
light.  That  trom  cocoa-nut  oil  boils  bet wei-n  2131!*^ und  2t)lPr.  (:i95^-4<i8^  F.J 
(perhapi!  owing  to  admixtnre  of  mprylic  acid),  and   ih  optically  inndive. 

The  meUllic  caproalcs  are  yolubli*  and  cryt^lnllixublu.  A  strong  Bolutiou 
of  the  pota.i»ium-BaIl,  eubjected  to  electrolyrti?,  yields  diamyl,  CmH,jj(p.  475). 
The  tfilver-sult.  CglliiOjAg,  is  nearly  insoluble  in  water,  and  crystalllies  in 
broad  plates,  but  is  little  altered  by  exposure  to  light. 

DiETHTL-ACBTic  AciD,    |  ,  the  el  hylic  ether  of  wbich  U  prepared 

<_'001I 
by  the  action  of  ethyl  iodide  on  disodic  elhyl  acetate,  is  isomeric  with  OA* 
proic  acid.     It  has  a  differ  cut  odor,  iind  lis  silvcr-aalt  foriuy  «iilky  asbestoB- 
like  crysUU,  soluble  in  waier,  and  turning  brown  when  exposed  to  a  sUoag 
liglit. 

AMinocAPBOip  Acrp,  or  Leitcine,  r„n,.)Nn3or  rglT,.(NIT^)0^,  has  not  been 
obtained  directly  from  any  derivative  of  caproic  acid,  hut  is  prodiicrtl  by 
digef^ting  logether  valerul-aiiintonia,  hydrocyanic  sicifl,  and  hydrochloric 
acid,  the  rea*^'tion  being  aonlogoits  to  that  by  which  alanine  is  prepared 
from  the  ammonia-compound  of  acetic  aldehyde; 


Vttleral-am 


-f     CNH     4-      HCl     -f      Oil, 


Leucine. 


+     Nll/l 


monia. 

Leucine  i.4  al?io  formed  by  I  lie  decomposition  of  animal  substanccH,  ^nch 
aa  glue,  horn,  wool,  &c.,  during  putrefHcfion,  and  by  the  treatment  of  1he»e 
Bubstancea  with  acids  or  nlkaliepfi.  li  wah!tir!*t  dij^cnvcred  in  pulrid  cheese; 
more  recently  it  baa  been  found  in  iseTernl  pnrii*  of  the  iinimul  orpinism. 
Leucine  crystallijteai  in  white  shining  scales,  wivielj  melt  at  UMJ'^.  and  may 
be -^ublimcd  without  decompo^fition  ;  it  i«  hut  liitlo  soluble  in  water,  still 
less  io  alcohol,  insoluble  in  ether.  Wheti  heateil  svith  canf<tic  baryta,  it 
eplitu  Into  carbon  dioxide  and  amylaiidne:  f^lljjNO^.sst'^HfjN-Lt'M.j,  It 
unites  wilh  acids,  bjtses^  and  salts,  Trentment  Avith  nitrnns  acid  converts 
it  imo  loucio  acid,  C^H,jOj,  homologous  with  Inrtlc  and  glycollic  acids. 

(Enanthylic  Acid.  C^ll^flj=^V^l\^^{011)  —    \      ,  —  Thia  acid  is  produced 

coon 

*  WiuakJjD  nnd  Srlienk,  Cbeai.  Soc.  Joiimftl  [H],  vt.  SI. 
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from  oMianthol,  or  oMiaiilhjlic  aldebyrJe,  C^Hj^O  (a  liquid  obtun^c)  hf  1 
dry  dbLillatiou  of  cu.'iiur-oil),  by  oxidulioii  in  the  air,  or  with  nirric  »ei(l, 
or  with  chromic  acid;  also  hy  oxidulioD  of  t:asior-oiJ  nUh  nitm  wi^. 
Amt/f'ijcetic  acid,  isioiiieric  or  identical  with  it,  is  obuined  ns  an  ctli^lie 
ether,  together  with  severifci  other  prodacta,  l»y  the  nctiQii  of  aiajl  ioiLdt 
on  disodic  eiliyl  iiccltttc. 

Chluanlhylio  acid  is  a  IrftnspArent  colorless  oil^  haTingf  an  uiip1eiii«iiti  odor 
like  thut  of  co^jfi^h.  It  hoiU,  tteoordiiig:  to  Strccker,  lit  :il2*^  V.  (iW*  F.), 
It  is  insoluble  in  water,  but  e^oluble  in  nleohol  und  ether.  IVhen  l^vsttdl 
with  baryUi,  it  givciS  off  »exiiiuc  or  liexvl  hydride,  <^«H,^»  the  btarytikib- 
Btriicting  carbon  dioxide:  **yHt40j=t'O,4-CeH,^.  The  pot««8iiuii-&«it,  fub- 
jeclcd  to  idectrylyeis,  yields  dtXext/l,  C,^IJ,(. 

Caprylic  Acid,  CgH,gOjT^C,^!Ti50fO]T),  occurs  as  a  glyoeride  in  lie  butter 
of  cow  s-tnllk  and  in  oocoii-mit  oil ;  it  is  alr^o  found  in  ^evf-r  '  '  -  ^  ^  ^  .^^j. 
oil,  partly  free,  partly  as  an  ethvlic  or  fimylic  ether.     It  i  1/ 

snponifieaiiori  of  cocoa-nut  oil  ;  its  bnrium-^nll,  being  vir  ^     ^ ^,j  ..Ja* 

ble,  h  ea^Ntly  Bepariited  from  the  biiriiLtii-i$j|li  of  cttproic  acid  loruied  lU  Ute 
same  lime. 

Caprvlic  acfd  has  a  fnint  but  unpleasant  odor,  eKpoeinlly  when  wirmc^. 
It  Kolidlfies  at  12'»  t\  (^34=^  ¥.),  nielm  at  i:><*  C,  (Vr  R).  and  boils  at  2S<S»- 
238**  fl  (4i>7°-4iH)°  F.).  When  boiled  with  aitric  aoid,  it  is  coQYer(«d  iato 
nitrocftprylic  acid,  ^^([^^(NOjiOy 

Felargonie  Acid,  CpHjgO,  ^  r^fI,.(OH),  was  first  obtained  from  thelcftret 
of  the  geranium  {Pdart/oniHtn  Toaufft},  in  which  it  exi^iii  ready  foriucd.  It 
mny  be  procured  in  large  qiiaDtity  by  the  action  of  nitric  in-  '  .,.  »  ^\^^ 
essential  oil  of  rue  (which  contains  tbe  t  wo  aldtdiyde;*,  Cj|Hj.jO  '  i; 

aleo,  together  with  several  aeid«  of  the  fatty  weriee,  by  the  acti  iOg 

nitric  ueid  on  oleic  acid.     It  is  a  liquid  having  a  slightly  unpivaflaut  odor, 
and  boiling  la  2tJ0°  C.  (5U0''  F.). 

Efhjl  jtrfargonaft^  ^g'fo^a  -  ^^^H'j,  may  be  en ffily  produced  by  dia<oltm| 
the  acid  in  slrotig  alc<>hol,  iii^d  pii,**sing  a  current  of  hyilroclilorte  adi 
through  the  solution.  It  i?  a  liquid  of  specific  gravity  0'8G2,  and  bntlittf 
at  I'tif^  V,  (482°  F,  )*     It  hiiH  n  juivverful  and  inoHi  intoxicating  vinoUff  odor. 

The  aroma  po^aesMed  by  rrrhiin  wiues  uftpears  to  be  due  to  the  pr«»*cnep 
of  the  ether  of  pelargonic  acid,  which,  in  tJiia  caj?e,  is  probably  gewrratcd 
during  f^rmentatinn.  When  Huch  wiiiea,  or  the  residues  nf  Ihcir  ffTtn^n- 
tatloii,  are  di?itilled  on  the  large  scnle*  an  oily  liquid  puftses  over  towinN 
the  clof*e  of  the  oiveration,  which  consi*<t«!,  in  great  mcnsMre,  of  the  crude 
ciher:  it  may  be  purified  by  agitation  with  solution  of  potai^ium  carboaftl«^ 
freeil  from  water  by  a  few  fragments  of  cnlcinm  chloride,  and  rvfltstill^d. 
The  pclargouic  ctlm'  ol>tuine»l  by  this  process  wo«  ortginally  dcscribad  li. 
&naHthic  eiher^  and  the  acid  as  trnanfhic  ucid. 

Batic  or  Capric  Acid,  C,pFL^O^ — This  acid  cxiets  as  a  glycerlde  in  ordi* 
nnry  butter  and  in  ein-o;i-ijiU  oil;  it  occurs  also  in  several  kinds  of  fu^^l'•«il• 
and  iM  termed  by  the  oxidation  of  oleic  acid  and  of  oil  of  rue.  It  may  be 
obtained  futre  and  in  tolerable  quantity  from  the  liquid  which  reniaiat  it 
the  distillation  of  ihc  fusid  oil  of  th«j  Scotch  distilleries  (p.  ♦>2fl)  aAcr  ih9 
amyl  alcohol  has  been  distilled  nff  at  132**  C.  (270°  F. ).  This  residue  eon- 
%ht»  chiefly  of  umyl  rutate,  <'iftMijOy  .Cjll,|.  and  when  distilled  with  polMi 
gives  off  amyl  alcohol  and  leaves  potassium  rutate*  from  which  thv  rutin 
acid  may  be  obtained  by  dtstilhvtton  with  sulphuric  acid> 

Rutic  acid   is  a  colorless  crystalline  body,  having  a  alight       ^  -     ''  the 

gonl.  iH'comiiig  stronger  when   the  ncid  is  wanned.     It  tnelis  C 

(WP-^ik**  F. ),  is  very  ^oUihlo   in  cobl  alc«)ho1  and  i^lhrr,  instj^.  -M 

wafer,  slightly  Ho\ub\e  \u  V)o\Uti%  ^at«r^  and  diBsolvaii  without  ali4rrft(iou  i* 

0lrong  nitric  acid, 
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Cftleimii  laurale. 


Tbe  mtifallic  ruialoa  fLr&mdStlv  spariitgly  sobiblc  in  ivatcr.  The  barium- 
9*ilt,  (<'|,>Mit*^i)jl*'''"*  separates  IVom  soluliun  iti  boiliog  water  in  iieedle- 
sbuped  or  large  prismatic  erystala  which,  fluat  on  the  wntt^r  if  not  moistened, 

L&nrie  Acid,  Cj^Rj^Oj,  occurs  as  a  gljceride  (lanrosteftHn)  in  the  fat  of 
the  bay-lrei*  [Lauru^  nobilt*)^  utnl  in  (he  »olid  tat  and  volatile  oil  of  pifhu- 
rim  l\eani*  {Fut/it  Pichurim  tntj).  It  is  prt'purc*!  by  i»aponifying  t\iet*c  fats 
with  caustic  alkali,  ao*!  dL»compoaing  the  rt^siiltiii|r  i^uiip  with  tartaric  or 
hydrochloric  acid.  It  likewise  occur^fi,  together  wifh  olhwr  fattj  acidn,  or 
their  glycerides,  in  cocoa-nut  oil  and  the  oilj*  or  fata  of  !*evi.'ral  other  phiitit«i 
ftlso  in  Mperniaceti ;  and  is  separaicd  from  the  mixtures  of  fatty  acids  re* 
Bnlting  from  the  saponification  of  ihese  smbfftiinccs  hy  h  compliealed  process 
of  fraeiional  precipiiniion  with  bariuui  and  mngiiesium  sails,  into  the  de- 
tails of  which  we  cannot  enter* 

Laurie  Acid  is  ini*iolublc  in  WAter,  biitdiasolyea  ea«<ily  in  alcohol  and  ether, 
and  cryatallizeM  from  alcohol  iu  white,  sitky  needles,  which  melt  at  ahout 
43*^  C.  (109^  F.); 

The  layraicH  of  the  iilkali-metab  and  of  barium  are  soluhle  in  water;  (he 
other  ealls  are  insoluble  or  apaiingly  f^obilde.  The  caidum  »aif,  {C^.^ll^iy}^ 
Ca'%  is  resolved  by  diatillatiou  into  cukium  carbonate  aud  lauroatearouo ; 

co,r«"      +      c«iv) 

C^nlciuTii  Lanro- 

carbonate.  ptearono, 

Myrlitio  Acid,  Ci^R^Oj.— Thia  acid  occurs  as  a  gljcoridc  in  ntiimeg-hut- 
ter  orid  Otobu  fai :  ul^o,  logetber  with  hmric  acid,  in  Dika  bread,  the  fruit 
of  ManffiJ>ra  ffftfj0fitn''is^  an  African  Iree;  and,  together  with  other  fatly 
ncitbs,  in  eocoa-nut  oil  and  spermaceti.  It  may  he  produced  from  cnido 
ethal  (cctyl  alcohol)  by  heating  with  a  raiiture  of  polu^h  and  lime,  itji  for- 
mation being  iloid>tleMs?  due  to  the  presence  of  methal  or  uiyristio  alcobol  m 
the  crude  ethal  (p.  o4;i): 

C„H„0    +     Kno    =    C,.TI,,0,K    +    2H, 
MetimL  Pulai^siym 

myri»ti4ie. 

Lnurie  »cid  i«  like  wise  produced  by  n  similar  prccess  from  crude  ethal, 
doubllesa  because  that  substauoe  also  coutjiins  lethal  or  laurie  alcohol, 

^■^I'*"^-    ... 

Pure  myristic  acid  is  mnst  easily  obtained  by  saponi  heal  ion  of  Otoba  fat 
(from  Mijn*tica  Of*thfij.  It  form,'*  white,  shining,  crystalline  lamiiue,  roclt- 
ing  at  5'j  8^  C.  (PJ!>**  F.).  It  h  quite  iiij«olublc  in  water  and  in  ether,  hut 
dissolves  easily  in  hot  alcohol,  and  cryMtatliie."  therefrom  on  cooling. 

The  myristules  of  the  alkali-metals,  Cj,l!,.;t>,K,  &c.,  arc  soluble  in  water, 
and  nn*  dceomposed  thereby  (like  the  ateHrutvs).  The  other  niyriatotes  arc 
insoluble  or  ttparingly  sohible,  and  are  obtained  by  preeipitiition. 

Mffri*h€  oriJe,  or  Anhf/tindf,  (t'uH^^O)/),  ii!i  obtained,  like  other  acid 
oxide:!  of  the  series,  by  the  action  rd' phosphorua  (txychloride  on  potassi«im 
niyriHtAte  It  i«  a  fatty  snbsiance,  having  a  somewhat  lower  melting  point 
than  myristic  acid.      It  ii>«  mlowly  saponified  by  boiling  enii.Mtie  potash. 

Mi/riitin,  (*  Vf'J'"(^^i<Kj,/J,)j,  tho  glyceride  of  myristic  acini,  is  obtained 
by  pressing  nulmi^gs  between  hot  pbites,  fxliaUHting  the  crude  fat  thus  ott- 
iiiiikud  with  spirits  of  wine,  and  orysEalliiing  the  undissolved  poriinu  troui 
boiling  ether.     It  i«  »  cryitnlltue  fm  having  a  ailky  hii>tre. 

Palmitic  Acid,  CiaTfj^O...  —  This  acid  occurs  a»  a  glycerldo  (tripalmitin)  in 
many  natural  tat»,  often  associated  with  stearin.      Palm-oily  the  produce  of 

•  8m  Watts'i  Dictloaftry  of  Cnwmtetry,  vol.  m.  p.  «i. 
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guhmMi*^  Chinese  Itdlovr, 
i$eit/rra),  aiKl  Japi^Q  wax,  from  Hhus  Mucctdanta^  con^i9t  iiinlnlv  of  tn|)&fizitiifl. 
I  Psilmilic  acid  ifl  easilj^  prepared  hj  SApotiifvitiiE^  palm-oil  with  r  i<|. 

[deii imposing  Ibe  »oap  %¥itU  sulphuric  acid,  and  cr>*9talliztng  /<tl 

[fnity  acid  ACTernl  times  fruiu  hot  alcohol  till  it  <rxbibit!«  a,  coti.-  ..;..  ...  iuog 
||»oiQi.  Cbitiesc  tallow  may  he  saponified  with  alcoholic  pol^^h,  und  Jajwn 
Ifrax  hj  fusion  with  solid  potji«siom  hydrate,  sad  the  so&p  treated  in  i 
lilmilAr  manuer. 

Pulmittc  acid  exUta  »Uo  as  cclyl  palmitate  (ccttn),  Cj^H,|0|.r^lf^.  it 
pcriiiaccti,  and  aa  myricyl  palmilate  (melissin),  ^i«''si*^-\ ^  ^  lo'^ti*  ^^  hevi'- 
[Wax.     It  U  produced,  together  with  acetic  acid^  by  melting  oleic  acid  wiri 
r|>otiii»jiiutu  hydrate: 

.0.    -}-    2K0H     ss     C^njjOyK    4-    C.H^O^K    -f    B, 


Oleic  acid. 


rahtiiiic 
acid. 


Acetic 

acid. 


4*»II^ 


Pulmitic  acid  is  a  colorless,  solid  body  without  lastc  or  smell,  lighlef 
jihiiu  wnter.  It  is  insoluble  in  water,  but  di^Bolves  abundant  1v  if!  l>*»iUaf 
lAlcohol  or  ether.     The  solutions  are  acid,  and  when  concern r  ilfy 

I'iii  a  timss  on  cooling.     When  dilute  they  yield  the  i^cid  in  tii  \n 

fticcdlea.  It  melt«  at  ♦32'*  C.  (144"^  F,},  nnd  solidifies  on  cool  in  ir  j"  ^  m** 
i©f  shining  njicreoiis  Inmimu.  When  henfed  Ju  a  di»h,  it  boils  »nd  fTipo- 
I fates  without  re<«idiie,  and  may  be  dititilled  almost  without  change.     Wkcfl 

Sently  hoalod  in  the  air,  it  U  but  slightly  altered*  but  at   higher  tempfffi^ 
irea  it  takes  fire,  and  burns  wiih  Ji  bright  smoky  flame  like  other  fVln  It 
I  Is  attacked  by  chlorine  at  100°.  giving  olf  hydrochloric  acid,  and  fonntiir 
l^ily   »uhdUtutiou-product3.      Heated  with   alcohols,    it   forma    compoona 
pBlhera, 

riilmitic  acid  forttiH  normnl  or  neutral  ialt4,  htiring  the  composillott 
[Cj^TljjOjM  for  iiuiviaeiit.  nnd  (f  ,i,n^,0,),M''  for  bivnlent  metals,  and  witli 
lliL*  ulkHli-melJil8  iiIj^o,  iicid  naUji  ainuiogoua  to  I  he  acid  at'ctiitoa.  The  nomiil 
fpahiiiluU'ii  of  potJit^sium  and  sodium  are  soluble  in  water  iitid  alcohol;  tht 
Ijest  are  iiistduble,  and  are  ohlained  by  precipitating  a  metallic  mU  wttli 
J  »n  uluoholic  solutinn  oC  sodium  or  potassium  palmitutc.  The  Hormdit yotu- 
%^iiim-jfa(i\Vy^\\j^^i\^\K,  obHaiuLMl  by  meUiug  (he  acid  with  pota.^siutn  carhimai^, 
\mtiA  eihauHting  with  boiling  uk-ohol,  .orystalllieB  in  pearly  scaler.  Tim 
Ymftd»filt,  CjgHjiU^lv .  t'jjlIjjO,,  is  precipitated  on  mixing  a  t«olution  of  1  pari 
jot'  the  norinal  a'jili  in  20  part?*  of  boiUng  water  with  KKM)  partt  of  coM 
Lvater,  The  harinm-t'di,  (C|gl^|(),),Ba'',  i^  a  while,  pearly,  cry^lalliJ)* 
Lpowder;  the  puiifrntium-mU^  (.i^wJlfljOjjMg^'j  i«  *  snow-white,  lo^ae,  cry>- 
lallinc  precipitate. 

£th'/i  jidlmiiaff^  ^tfl'^jti^i- '^t^V  •^^tA»'i<^<i  ^T  P>isslng  hydrochloric  actd 
gaa  inio  a  sHturaluJ  akioholic  Holutiou  of  paltoitic  acid,  crysiatliiei  1a 
prieJins,  and  melts  at  24*  r.  (7*5**  F,). 

(Jltfcen/l  palmittiUji,  or  Palmidm. — There  ure  three  of  these  ethers — TOt 


nod  by 


unt]  tripiitmiUn^  i^ h^^ iV * ^ \^\fi^Kfi ^h-  'l'"-  ^''"'  '*'*^^  second  are  ohial 
hL'ulin^  pnlniiiic  acid  %vith  glyci'rtn  in  sciiled  tubes;  the  third  by  heutmjKt 
mixture  of  1  pait  of  monupalinitiu  aud  M>  p»iH»  of  palmitic  acid  lo  l!o<J*C* 
j  |H1!°  V)  WiT  (M't^nlyMiiglil  liotirs.  They  are  all  crvisliinine  fats.  T?i* 
pfihnifin  thus  ob*aii»ed  melts a1  l(Pi\  (llo**  F.)*  Natiirul pahnitiQ,  obuined 
frmii  pii!Fn-nil  tiTid  oflier  f.il»,  h»*i  (he  composition  of  tripalmitin.  but  ri- 
hibitB  Ihree  iHomerie  (ov  rufher  altoirfi[»ic)  miidificntiona  (like  tho*e  *»f 
stearin},  mdtiiiij  reaped ively  ni  4ii^,  (U '7^  and  ^I'i^H*  ('.  (Uo°,  14U**,  Uf* 
i\):   the  fir»(  a[)peeirs  to  ho  idenilcal  wi*h  artificial  irlpHlmitin. 

Palm-oil  come?^  cAuefty  ^rmw  v\\ft  <iv>tt.*l  of  Africa.     It  ha*,  when  fre«U*  i 
Pep  it  ran  geared  iii\V,  tiwi  ik^«t^  ^^^Tc^^aXiSft  qi\w\  V^*  ^n^^riuig  matter  — 
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t]|0^jifrture  of  whiob  la  unknown — ia  easily  deslroyeii  by  cxpo^are  to  light, 
espeoially  at  a  higli  temperature,  ami  (il*o  hy  oxidUing  agcuis.  Thu  i>il 
im^ltA  at  ^^7*^  C.  (8lP  F. ),  By  caul  in  us  pri'swiire  it  uiay  he  ^eparaled  ititi> 
fluid  olein  and  aoljd  pahnitin,  wbsch,  whi*!*  jjuiifiid  by  ci'ystiLlli/.HtioQ  fioiu 
hot  elher^  ia  periWtly  wbitc.  By  keepiug,  prtlui-uil  seems  to  suffer  a  eluingo 
similar  to  thnt  proiluced  by  sapuiiiti«;atian  :  in  (liia  Htato  it  is  found  If*  ccm* 
tnin  trnt'es  of  glycerin  and  a  cnnvideruble  quinitiiy  of  oleic  acid,  togetlier 
with  pahniiic  neid.  The  oil  bccomca  harder  and  raneid,  and  its»  melting 
point  la  rnifiied  at  Lbo  same  time. 

Margario  Acid,  t^^iylT^^Oj.  —  Tliia  name  was  formerly  applied  lo  an  ncid, 
inLermediate  between  stearic  and  palmitic  acids,  suppoii^ed  to  be  produced, 
together  with  others,  hy  the  uaponification  of  natural  fat»;  but  it  \s  nowf 
restricted,  for  reasons  to  he  presently  mentioned,  to  txn  arid  prepared  hy 
a  detiiiite  reaction  —  vii.,  by  the  action  of  boiling  atcoholit:  potash  on  cetyl 
cyanide : 

CrtHgjCN      +      KOH      +      OH,      =      Nflj      +      C^Hj^O^K 
Cetyl  Potasaiuiji 

cyanide,  margarate. 

The  solid  potassium  salt  Ihiis  obtained  is  decomposed  by  hoilitig  dilute  hy- 
drochloric acid,  and  the  *<eparuted  inargwiMc  acitl  is  poririt'd  hy  prccipitat- 
ifi|(  lis  ainmonincul  solution  wilb  barium  chloride^  decomposing  the  pre^ 
cipiintc  with  hydrochloric  acid  and  ether,  Beparaiing  the  ethereal  .'^oluilon 
by  meanj*  of  a  pipette,  and  distilling  otf  the  ether.  It  forms  white  crystalu, 
melting  at  i>9  9*^  C.  (140°  F/J,  and  is  interuiediale  in  all  ita  properties  he- 
iween  palmitic  and  stearic  acid;** 

The  so-called  nmrgarie  ackl,  obtained  by  the  Bnponificntion  of  natural 
fats,  and  regarded  by  fbevreul  *  and  many  other  cheniisU  as  u  distinct 
acid  having  the  composition  0,^11^^)^.  hu;*  been  r^hown  by  lleintif  lo  be  a 
mixture,  resolvable  into  stearic  acid  and  other  fatty  acids  of  lower  melting 
points,  chiefly  palmitic  acid,  Such  mixiures  of  solid  fatty  acids,  or  of  the 
corresponding  glycerides,  cannot  be  eumplelely  resolved  into  their  congtit* 
uent  fais  hy  eryslullixation  frtim  ulcolnd,  eiliei%  or  other  soh'cnis,  whi<jh 
was  (he  melhod  of  separation  resorted  to  in  the  earlier  inves(igatif>n8. 
The  only  effectual  method  of  sepnrution  is  (o  subject  the  akoholic  solution 
of  the  acids  to  a  series  of  fractional  precipitations  with  aectato  of  lead, 
barium^  or  mognesiumf  the  atearate  then  separating  out  first. 

Stearic  Acid,  Cj^H^O^. — This  acid  was  discovered  by  Chevreul  an  h  con- 
ilituent  of  the  more  solid  fiits  of  the  animal  kinj^^loni.  It  is  mo?t  abun- 
dant in  these»  especially  in  beef-  and  mutton-suet ;  but  exists  also,  logether 
with  palmitic,  myristic  acid,  &c.,  in  the  softer  fats,  sueh  as  the  butter  of 
cow's-iiiitk,  hiunrin  fat,  that  of  the  g:oose,  of  serpents,  of  eanihnrides,  and 
tn  ppernificeli.  It  occurs  also  in  vegetable  fats,  especially  those  of  cacao- 
beans,  of  the  berries  of  CocchIh*  indicun.  and  in  shea-buttor,  obtained  from 
the  nuts  of  BfiMniii  Pfirkii,  a  tree  growing  in  West  Africa.  In  all  these  fiit^ 
it  occurs  03  a  glyccridc,  but  in  that  of  cocculus  grains  alao  m  th«  free 
ttate. 

Stearic  neid  is  prepared  from  hfff-  or  imifton-tud,  or  better  from  etteao-fttt^ 
by  saponifying  the  fat  with  «oda*lye,  heating  the  soap-paste  with  water 
and  dilute  sulpiiuric  acid,  removing  (he  sepnrated  fatty  acids  iifier  cooling, 
washing  them  wiili  A%'aier,  and  then  dissolving  them  in  as  small  a  quaulily 
as  possible  of  hot  nleohoL  On  cooling,  the  greater  part  of  the  solid  acid 
separates  out,  while  the  oleic  acid  reinain«  in  aoltuion,  and  mt^y  be  aepa- 

♦  Jtteh^ch*s  ner  V^i  cnrpt  firat  ^nriffime  animr^K    Pnrln.  1^23. 

t  ITor  re^niDcet  to  Ueinti'i  tuttiQuir»,  oea  tiaitfUu'B  Uj^adbu'iK  nvX,  -e^  v^^^ 
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rftied  by  subjecting:  the  m^Bt,  after  dminiDg^.  to  «rroiigr  )»re«»tir<>,  redhi^W* 
iuf^  Ibe  residue  iu  a  t^imtll  quntittty  of  alcobol,  kuTiiig  il  to  orpirate  bj 
cooling,  ttud  sjcitln  preBsing  the  solid  tnuss.  Froiii  lUe  tnixiuit*  oT  »<^\^ 
Uitty  &cids  ihub  obtiiincd,  Uie  Kteiirie  may  be  sepai-iited,  in  ft  i  i^lj 

pure   aiale,   by  rL*pei*t<?d  cryBtttllisiition    frwin   cun^tdemble    i  ..f 

nU'iiboll,  only  tlie  purtifia  wbicli  first  separates   beinjer   each   i  r4« 

Bui  to  ubtjim  pure  stearic  acid,  it  is  betier  to  di»iolve  tUe   i(  r^f 

acid  (4  porta),  tiu'ktiig  nt  about  Lit***  (.\  (140"  K  ),  in  such  n  qi,  t 

alfobiil  ilmt  notbing  will  sepantte  utit  on  cooliogt  even  (o  U^ 
but  liquid  will*  a  boiling  ulcoliolic  solution  of  niagneaiuiii  aceiu**-  i  j  afrj 
The  III iij^aesium- stall  which  sepanites  on  cooling,  is  pre«(i<eiJ  and  boile^d  for 
munc  tune  with  a  large  quamity  at  dilute  hydrochloric  n(rid,  and  the  sl<^He 
acid  thereby  separated  ia  repeatedly  erystalU«ed  f^om  alcOliOl,  till  tt  melts 
constantly  at  «*>'»  to  TO'*  C.  (lotj°-li>8'>  F.). 

Stearic  acid  is  also  easily  prepared  fram  the  fill  of  coecnlua-beTriei, 
which  consiata  mainly  of  stearin,  by  saponify ing  it  with  p^iiash,  fte.  At^ 
cording  to  Bulf  and  Oudotiianns^,*  the  beet  material  for  the  pre* pa  ration  of 
Biearic  acid  is  tkea-but^er,  which  contains  nbout  70  per  cent,  iiteari^,  and  80 
per  cent.,  oleic  acid,  but  no  other  ^idid  fatty  acid. 

On  the  large  scale,  impure  stenric  acid  is  prepared  for  fbe  Tnanufaplait 
of  stearin-cttudleBt  by  snponifying  some  of  ihe  harder  faf»»  ^ncrally  wttli 
lime.  The  resulting  linie-soapt  decompo^ed  by  sulphuric  ncid«  yields  % 
mixture  uf  fatty  aeids^  ivhtcb  are  pressed,  first  in  the  cold,  and  aftVrwardt 
at  a  higher  temperature,  in  order  to  separate  the  oleic  acid  from  the  less 
fusible  palmitic  and  stearic  tie  ids.  Another  raetho<J.  applied  cbie0y  to 
pahn-tjjl,  couHists  in  decomposing  the  fat  with  superheated  st^^in,  as  d^ 
suribed  under  CiLvckuin  (p.  h^M).  A  thinl  metho<i  consists  in  treating  Ibe 
fat  with  sulphuric  acid*  and  disiilling  the  product. 

Ture  t-tearic  acid  crystalliies  from  alcohol  in  naerec^us  laini&v  m 
needles  ;  it  is  lasteless  and  inodorous,  and  has  a  distinct  acid  rt^artton.  At 
low  temperaiiirej^  it  is  heavier  than  water,  having  a  specific  grarity  of  I'Ol 
atO'*;  but  between  9°  iind  l\P  C.  (48«>^MPR),  its  specific  gravity  if  tJtf 
same  as  thjit  of  water.  It  iiieU*  at  0^-69-2''  C.  (Kjti^  F.)  to  a  colorieii 
Dtl.  which  on  cooling  soliili^es  to  a  white,  fine,  scaly,  crystalline  ntaMV 
lamino-crvi^ialline  on  the  fractured  surfuce.  When  heated  V  '  ''  Tfif 
the  nio^t  part,  wiilioiit  alteration,      Chloritif  converts  it  into  ie 

acid,  C|^!Ij|JlU,.  Ik-uted  with  hrominf  and  water  in  a  seakJ  i,...*,  .i  is 
convert ed  into  brtunoslearie  auid,  C.^H«BKX,  and  dlbromostcaric  icid, 
Ci^n^IlrjO^ 

Stetiraift. — Stearic  ncid  dissolveg  in  a  cold,  aqueous  solution  of  allcftltae 
carbonate,  probably  frrim  formation  of  acid  carbonate,  and  does  not  ti\w\ 
ihe  carbonic  acid  and  form  a  inono-acid  wait,  till  heated  to  about  100**  Oft 
the  other  hand,  the  st carat es  are  decomposed  by  most  other  acids,  ib* 
separated  stearic  acid  rising  to  the  stirfaee.  as  an  oil  when  the  liquid  if 
warm.  The  stearatcs  have  the  coiisigleuce  of  hard  »oaps  and  pWter^,  and 
are  mostly  insolnblc  in  water.  The  normal  potii^rnHm-salt^  ^*i»'^  •*  ^  "**'^** 
rates  on  cooling  from  a  solulton  of  1  part  stearic  acid  and  I  pij  "• 

liydrate   In   10  parts   of  water,    iu  white  opaque    granules.       1  i  'i7, 

*  in^'aa**i'^-^iaWafi*Jj,  i^  obtaineil  by  decomposing  the  normal  »al*  wiih  IWO 
par(:*  or  more  ai  water,  ami  separates  iit  silvery  scales  from  solution  li 
boiling  alcohol,  Xornial  §odium  ftituratf,  r,^lI^O^Xa.  is  very  much  like  tb# 
pataasiumsalt,  but  harder.     The  acid  salt.  t'^jH^^^Oj^'a .  C,Jij»t1^  obl»iD«<l 

by  decomposing  the  noruiul  suit  wjth  tmo  parts  or  more  of  v    ■         

rates   from   the   hot    solution   in  nacreous   himimo.     The   steui 
eorlhinetals  and  heavy  metals  are  iaaoluhic  in  water,  and  are  lv  ,..„- 
pftfctpitalEoo. 

a  Journal  rur  vn.V%]^\MC:\tMti)&«^\ii^^ 
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Soapt  consUi  of  mixtures  of  the  sodium  or  potngsium-'^alta  of  etcnric, 
palnjiLic,  olt-'ic,  ainl  other  fiitty  or  oily  nckla.  anit  iire  produced  by  suponitying 
billow,  olive  oil,  and  olUer  fatti  wilh  caustic  alkalies.  The  «oda*Boap»  are 
ctiWcd  hani  Jtoapn :  I  hey  separate  from  the  rilkaliue  Uquor,  on  addition  of 
commiin  salt,  iu  hard,  unctuous  mjistfeg,  which  are  the  soups  in  common 
Ui^e:  thia  modo  of  acparatiou  is  called  taltiuff  out.  The  potash  aoapH,  on 
the  other  bftiid^  cannot  be  thus  separated ;  for  on  adding  aalt  to  their  hoKi- 
tion,  they  are  decomposed  atid  convfrted  ioto  soda-soapi!;  but  they  are  ob^ 
tiLitted  in  a  lemi-Bolid  stwte  by  evaporaling  the  solution*  The  prodiicta, 
called  so/isoap,  always  contain  a  considerable  excess  of  alkali,  aod  are  used 
cleausing  and  ttcouring  when  a  powerful  detergent  m  required, 

Stearic  ttht^r*  are  formed  by  heating;  stearic  ricid  with  alcohols^  mon- 
mic  or  polyataiatc,  Ethtl  atearatf,  i\Ji^O^  ..t'^lfj.  is  moat  easily  obtained 
bj  passing  hyilroehloric  acid  gas  into  an  alcoholic  solution  of  stearic  acid. 
Iir«Aembles  white  wax,  is  iuodoruus  and  tasteless,  melti<  at  30°  C.  (8tj^F.), 
ftod  cannot  bo  distilled  without  dcconi  posit  ion.  !t  is  readily  decoropoaed 
by  hoiliag  wilh  caustic  alkalies.  There  are  three  ffit/c^rt/l  Mffarat^t  aratearint^ 
analogous  in  composition  to  the  palmitins:  Mnnaaimrin,  [V ^W^Y ' ^ \iMi) 
(Cjgll^'ij),  prepared  by  beating  a  mix  tore  of  efjual  parts  of  steurie  aeid 
and  glycerin  to  li(H)°  C  (39J'^F, ),  in  a  aealed  tube  for  MS  hour?,  forms  Tery 
ftmall  white  uecdle»,  melting  at  iil'^C  (141^^  F),  and  solidifying  again  at 
t>t>°C.  (HO°F,).  — Z/iV^^-flnn,  (CjHa)^'^!.)!^^!^!!^^*^,)^.  obtained  by  heating 
TnoQOStenrtn  with  3  parts  of  stearic  acid  to  2<AP  C»  (otX)^  F. ),  for  three  hours, 
forms  white  tutcroscopio  latninie,  melts  at  58^C.  (Iii6*^  F.)»  and  solidities 
at  55°  C.  (lap  F.).  —  TriJitfftriii  is  prepared  by  heating  monoslearin  wilh  15 
to  20  times  its  weight  of  stearic  acid  to  1270*^  C.  (Sl^*'  F.),  for  three  hinira 
in  a  sealed  tube;  al«o  from  rarious  solid  natural  fata  by  solution  in  ether 
and  repeatcil  cry  metallization  from  the  hot  solution.  It  crystallixes  iti  masses 
of  white  pearly  laiiitnie  or  needles,  inodorous,  tasteleBS,  neutraL  and  vola- 
tilixing  without  decomposition  under  reduced  pressure*  Doth  niiturnl 
and  arlificial  tristearin  exhibit  three  isomeric  or  allot ropic  modificatitrng, 
Steariti,  separaled  from  ether»  melts  at  61*'7*^  C.  (157°  F.) ;  but  if  heated  to 
73*7°  C.  (  1(j4°  F.),  or  higher,  and  then  cooled,  it  does  not  solidify  Hll  cooled 
lool'T^C,  (124°  F.).  It  is  solid  below  62°  C.  {125°  F.).  but  melts  at  that 
temperalure,  and  if  heated  a  few  degrees  higher,  passea  into  a  tXi'trd  modi 
fi  cat  ion,  which  does  not  melt  below  C^^**  t\  (14S°  F,),* 

Arachidic  Acid,  C^H^qO,,  is  a  fatty  acid  obtained  by  eaponification  of  oil 
of  earth-nut  (Aftichix  ht/pof/fuft).  It  crystallizes  in  very  small,  shining  scailei!, 
melis  at  75°  C.  (Ui7*  F),  and  solidifies  again  at  73  5°  C.  n64''F.),  to  a  ra- 
diated crystJilline  mass.  It  is  but  slightly  soluble  in  cold  alcohol  of  ordi- 
nary ytrenglh,  but  dissolves  easily  in  boiling  absolute  alcohol  and  in  ether. 

The  »i7i^fr-falf,  Caj^Hj^t^Ag,  is  a  white  precipitate,  which  tieparate«  from 
boiling  alcohol  in  sligliifly  lustrous  prisms,  nut  allered  by  exposure  to  light. 
£tht/l  amfhidiite,  C«jll„0, .  (Vlfj,  ia  a  erystallinc   mass,  meltitig  at   r>2'5°  C. 

20°  F,).      Bert  helot   lias   ubtained    three    ffif/crrt/l   nrnchifiatr*   or   /jrafhirUf 

alogous  to  the  stearins,  by  heating  the  acid  with  glycerin  in  scaled  tubes. 


i 


BonU  or  Behonie  Acid,  C^iH^^O,*  is  oblained,  together  with  other  acids, 
ij  saponification  of  oil  of  ben,  the  oil  exprenised  from  the  fruits  of  i/orrn^a 
Nux  Bfhrn,     It  is  a  whites  crystalline  fat»  melting  at  76°,  and  solidifying  at 
CPC.  (158°F,), 

Cerotie  Aeid,  ffrH^Oj. — This  acid  is  the  essential  constituent  of  «fin,  the 

'portion  of  becs'-wax  which  is  soluble  in  boiling  olcohol.     It  is  prepared  by 

heating  the  wax  several  limes  in  succession  with  boiling  alcohol|  till   the 


*  D*^y  Clif  ai.  8oo.  JourtuJi  yoI.  v^  ^^  191  y  tUS^ 
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depoftit,  winch  formn  on  cooling,  melt«  lit  70*  or  7'l^C.  (If»8*>-t62*  F.). 
niny  bo  further  purified  by  prccipitmting  it  from  tlic?  boilittg  slcobolic  9ol| 
tion  wirh  lead  acctute,  decomposing  the  preclpitjvtc  with  strong  ucnic  at 
Add  crystiilliiingthe  scparaled  acid  from  boiling  alrohol.      Cerotic   acid 
also  yirodiiced  by  the  dry  disttllation  of  Chinei*e  wax.  if  hick   cui^tiifte 
cer,vl  cerotale,  t^yjUj^O^ .  C^Hj^*  or  by  nieltiug  that  E^ub^^tance  with   puU 
and  dccoiDposiug  the  resuluug  potA<48iuin-^t  with  an  acid  (p.  51^), 

Pure  cerotic  acid  orystalli»«B  in  small  grains,  melting  at  7&*  C  (172*  Pj 
and  distilling  without  allerutiou.  Chlorine  eoQTerts  it  into  chloroctrotl 
acid,  CyjU^jriijO^  a  thick  transparent  gum  of  a  pale-yellow  color. 

Ctryl  etTotatf^  or  CkhitMe  wax^  i&  produced  on  certain  trees  in  Chinn  by  tlit 
puncture  of  a  Bpecies  of  eoeeu*.  It  is  crystalline^  of  a  datzUng  wbit4*i>r^ 
like  spermaceti,  nieltH  at  82*  C,  (IBO^  F.) ;  dt8i*olTe8  in  alcohol;  jirlj 
eeroiie  acid  and  cerylene,  C^Hg^,  by  dry  diatillafcion.  It  is  ua«d  in  Chu 
for  making  candlea. 

Ilalitiio  Aoid,  C,gH^O,,  the  highest  known  member  of  the  fatty  8«riei^  j 
obtained  by  healing  ntyricyl  alcohol  (p.  643)  with  pultidh  lime: 


'•"•^7 


My  r  icy: 
alcohoL 


jyllajO^K 
Potassium 


mcli^sale. 

It  beftra  consider  able  resetDblance  to  cerotic  acid,  but  inelt^  at 
tempcriUnre,  tit,,  at  88**  or  8^/>  €.  (190*-192*  F.).  Th©  $ii»*r-tmit^  C^Uj, 
is  a  white  preoipit^te. 


Moringic  acid  > 
Ciniicic  acid     J 


c^^n^o, 


IConatomio  AM§  of  tbo  Soriea  CbI1^,»_^0^  —  Acrylic  Seriei* 

This  series  comprises  two  isomeric  groups  of  jicids :  the  one  conststfn 
of  acids  occurring  in  the  vegetable  or  animal  orgnniHrn,  or  ohtaincd  fn 
natunU  proiiiicls  by  special  procesfses ;  the  other  of  acids  formed  by  a  gen 
eral  fiynihetical  process:  we  shall  df^Bgnato  the  acids  of  the  ftral  group  I 
normal  aayltc  acak^  those  of  the  second  a  a  ttoacrylic  acidt. 

Normal  Arrylk  Adda. 

The  following  arcs  the  known  acids  of  this  group: 

Acrylic  acid  .  .  *  Oj  FT,  O, 
Crofonic  acid  .  ,  C^  Hg  O^ 
Angelic  acid  ,  .  •  f^j'^^i**? 
Pyrolerebic  acid  ,  ,  *^«  l^iof'j 

1?  Daniahiric  acid  ,  ,  0^,  H|/>, 
! iJamolic  acid  .  ,  Ci^H-^U 
M< 
Ci: 
♦  he; 
eerj 
\ 


rhyselolcic  acid 
Ilypogfeic  acid 
(iiiidic  acid 
tMcic  acid     1 
Eldidic  acid  J 
Pni-gHc  lie  id 
lirassic  acid  1 
Erucic  acid   ^ 


C«!I^ 


When  fused  with  potaamrm  hyirinttt 


Most  of  these  acids  are  oily  liquids, 
they  yield   the   poia^f^ium-salt  of  acetic  and  of  anotlicr  acid  of  the  faity 
series,  with  olimination  of  hydrogen,  thus: 


Acrylio 
acid. 

Angolio 
scid. 


4-    2K0H    = 


+    2K0H    = 


c,n,KO, 

Acetate, 


Acetate. 
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-f     2K0H    = 


C,H,KO, 
Actitato, 


+       C|.H„KO,       +     H, 
PalmilAte. 


Oleic  acid. 
Generally: 

C«H,^,0,    +     2K0H    ==    C,H»KO,    +    C„,,n,„_4K0,    +     H, 
Thej  are  also  cant ertcd  iaio  f&ttj  aciila  by  the  action  of  Duaceiit  liydrogen ; 

^^"  C.HA        +        H,        =        C.II,0, 

CrQtonio  Buiyno 

acid.  acid. 

Acrylic  &oidp  r,H^O^,  ia  produced  by  t lie  oxidalion  of  its  ftldobydp,  acro- 
lein, CjjU^O,  with  moist  stiver  oxinlc.  It  ia  a  colorleBs  liquid,  huviug  a 
Bligbtly  empyrcumiilic  odor,  and  oiiscible  in  all  proportioiia  with  water. 
Its  salts  rc!$cmble  the  formatCB  and  acetateu,  and  are  lor  tbo  mo»t  part  very 
soluble  in  water. 

Acrylic  aeid  is  converted  by  nascent  hydrogen  tnlo  propionlo  acid^ 
CjlIjOj,  and  by  bromine  into  dibromopropionic  acid,  C^II^BrjOj. 

Crotooic  Acid,  CiH^O™,  is  produced  by  saponitiejitioiii  of  the  oH  of  Cmton 
Ti'jlium.  It  i»  an  oiiy  lii|uid,  having  a  Koniewbal  pungoni  odor  and  an  acrid 
tiiste^  moderatply  soluble  in  pure  water,  insoluble  in  valine  water,  llpatc'd 
vriih  potTiifsitim  hydrate  it  giTea  off  hydrogcti  and  forms  two  moleoulefl  of 
potassium  acetate  i 

CiHjO,        +        2K0H        =        2C,TraK0j        +        H^ 

Angelio  Aeid»  C^HgOj,  exists  in  the  root  of  the  archangel  {Anpflim  arch' 
anfffiira}^  and  in  sutubul  or  ui  use  bug  root,  a  drug  imported  from  A  bi  a  Minor, 
and  probably  also  belonging  to  an  umbplliferotiH  plant.  It  is  obtain^'d  from 
arcUftngtd-rool,  by  boiling  the  root  witli  lime  and  water,  aud  distilling  the 
fitrained  and  concentrated  liquid  with  dilute  sulphnric  acid.  It  w  nl*o  pro- 
duced by  heftting  the  eeiaptitiftl  oil  of  chamnniilo,  which  conBieta  of  angcUo 
aldehyde  together  with  a  hydrocarbon,  with  potassium  hydrate: 

CsH.O         4-        KOH        =        C^H^KO,        +         H^. 

ilso,  together  with  oreosclin,  by  treating  peueedrtnln   or  inipfratorin   (a 
aeutral  stibslaiice  contained  iu  the  rooi  ut  hajtrntturia  Ottruthmm^  and  some 
Pother  mnbelUferous  planta),  with  alcoholic  potaah : 

+         KOH         ^         CslItKO,        + 


c„n,p, 

reuccdanin. 


OruoiieUn. 


11 


rotU?4siUQI 

angelate. 

Angelic  acid  crystallizes  in  long  prisms  and  needles,  melts  at  46^0,  (113® 
•.),  boils*  at  im^'r,  (374**  F/),  and  distib  without  dccoinpoHition.  It  haa 
aromatic  taste  and  odor^  dissolvcH  sparingly  in  cold,  abundantly  in  hot 

ater,  al»o  in  alcoliol  and  ether. 

The  angelates  of  the  alkalt-motals  are  aoluble  in  water  and  in  alcohol. 
|&i/r»wrrt  anffdate,  (17»JI^O,).^(7a'''.  Aq.»  forms  f^hiuing,  Ycry  8oluh!e  laminEC. 
•the  lead-mk,  (r^lI^t^^jjPb",  is  a  white  precipitate. 

Polasi^inm  angelate  treated  with  phosphorus  oxyehloride  yTelds  angelic 
oiide,  or  anliydridot  f*'BH,t>),t>,  which  is  a  viscid  uncry«tnlliiable  oil,  boil- 
ing at  24(1°  C.  (4(>4''  F.), 

I'f/roferfbic  and,  C(H|^0,,  is  prod  need  by  dry  distillation  of  terehic  acid, 
C,H|aO^  (one  of  the  product*  uf  the  iiction  of  nitric  acid  oti  turpentine  oil), 
^t  is  a  litjuid,  boiling  at  210^  C.  {4\{P  1t.),  —  ihtmufurie  arid,  C^lljjt.'j,  and 
£>amolt^  acidf  C^ll^OJ,  arc  Tolatile  acida,  iald  to  exiat  ia  the  u.tviw&  <aV  liw^^ 
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hnd  horses.  —  Morin^t  aeid^  Cj^Dj^Oj,  is  an  oily  flcid  ohtainetl,  f^grtlii^  w!t! 
pnlmitic*   fttcAric,   and  beiuc  Hciti*,  hy  ibe  eaponificniion  of  oil  of  b^n  (p. 
625)*  —  Chnietc  odd  is  a  yellow  crvatnlliiahle  actd,  having  a   rancid   oiW, 
eilracted  by  alcohol  and  ether  from   a  kind  of  bug  {Hapkiffoster  funrti' 
pttnnii). 

Hypog»lo  Add,  C^n^O^  is  eontabed,  as  a  glyceridc,  together  with  pal^ 
milin  and  ftrnchin,  in  oil  of  earlh-nul  {Jrachi*  ht/po^tca)^     To  obtain  iU  thi 
mixture  of  faity  acids  obtiimed  by  saponifying  the  oiJ^  is  tlUsohtfd  iti  aka» 
bul;   Ihc  palmitic   and   arachidio  acids  are   prectpiiated  by  ainmonta  am 
mngnesitini  ncetate ;  the  flkrate  is  intx^ed  with  ammonia  and   h^ad  aeeUlas 
the  lead  prccipilate  ih  decomposed  by  hydrochloric  acid  ;   and  the  sc^ 
hypogocic  aeid  is  diasolTed  out  by  ether.     It  is  also  produced  by  oxii 
of  bxinic  acid  (C^^II^O,)*  an  acid  obtained  by  saponificalioii  of  ttg^  or 
a  fatty  substance  contained  in  the  Mexican  plant  Cocetis  Airin. — -llypfufK 
acid  cryatnllixes  from  el  her  in  stellate  groups  of  needles,  meUinie  fl»  ;t»*ufj 
36*'  C.  (iKi'*-!*')"  F.),  easily  t*olublc  in  alcohol  and  ether.     lt«  j*ofa  I 

todium  talts  are  soluble  in  water,  the  barium  salt  is  soluble  in  hot  ■  \ 

in  eold  water;  the  eopprr  and  iilvrr  mhUm  are  obtained  by  pricjiMtniMn, 
The  tthyHc  fthtr,  C^^Hj^O,.  C,Hj,  is  a  yellow  oil,  not  volailk  without  deeoai«^ 
position,  i 

Nitrous  acid  converts  hypogocic  acid  into  the  isomeric  or  allot ropic  conir< 
ponndf  (t Oldie  aeiit,  related  to  it  in  ihc  same  manner  as  elaldic  acid  (o  oleics 
acid.     It  forms  a  colorlciHs  crystalline  nia.^s  which  melts  at  38"  C,  (KH)*'  F.)i»l 

VhiifKflokic  aci>/|  a  crystalline  acid  obtained  from  aperm-oil,  ia  i.fomcric,  if 
not  itleniical|  with  hypog^sio  add;  it  melts  at  30°,  and  soUdifica  at  28^ C' 
(82«  F), 

Olsio  Add,  CjJtjjOj. — ^Tbif*  acid,  the  most  important  of  the  series,  is  oK 
tatiu'd  by  saponification  of  olcin,  the  Huid  conBlitucnt  of  most  natural  fat| 
and  fixed  oils. 

To  obtain  pure  oleic  acid,  olirc  or  almond  oil  is  saponified  with  potash;, 
the  soap  is  dectunpoHod  by  tartaric  acid  ;  and  the  separated  fatty  aeid,  aftei 
being  w«»bed,  is  heated  for  some  hours  in  the  wau^r-batht  with  half  i(4 
weiglit  of  lead  oxide  previously  reduced  to  fine  powder.  The  niixttire  ii 
then  well  shaken  np  with  about  twice  its  bulk  of  ether,  which  di^soK^a  tfa« 
olcate  of  lead  and  leaves  the  stearate;  the  liqnid  after  standing  for  somf 
time  i»  decanted  and  mixed  with  hydrochloric  acid;  the  oleic  acid  therebj 
cHminntcd  dissolves  tn  the  ether,  and  the  ethereat  solution,  which  rises  l^ 
the  surface  of  the  water,  is  decanted,  mixed  with  waler^  and  freed  froi^ 
ether  by  distillation. 

Largo  fjuantitjf-B  of  crude  oleic  acid  are  now  obtained  in  the  manufi 
of  gtearin-cnnilles,  by  treating  with   dilute  sulphuric  acid  the  lim< 
resulting  from  the  acttou  of  lime  upon  lallow.     The  fatty  acids  rcj 
from  the  decomposition  arc  washed  with  hot  water,  and  solidify  in  a  mi 
on  cooling;  and  this  mass,  when  suhjecled  lo  pressure,  vields  a  liijuid  rid 
iti  oleic   acid,  but  si  ill   retaining  a  considerable   quantity  of  stearic  acidj 
After  remaining  for  some  time  in  a  cold  place,  it  deposits  a  quantity  of 
tsolid  maltiT,  and  the  lir|uid  decanted  from  this  is  sent  into  the  market  a^ 
olric  acid  or  rfdvil.     It  may  be  piirilied  by  the  process  just  describeil. 

Oleic  aeid  orystalliies  from  alcoholic  solulioii  in  dazzling  white  needlei 
melting  at  IP  C,  (57°  F.)  to  a  colorless  oil,  which  solidifies  at  4**  C.  (39**  F 
to  ft  hard,  white  crystalline  nmss,  expanding  considerably  at  the  same  time* 
Specific  gravity  =7  0  8<)8  at  H)**  C.  {m^  F,).  The  acid  volatilizes  in  a  va- 
cuum without  decomposition.  It  is  tasteless  and  inoilorous,  and  react j  neui 
tral  when  unaltered  (not  oxidized),  also  in  alcoholic  solution.  It  is  inaolubtf 
in  water,  very  soluble  in  alcohol,  and  dissolves  in  all  proportions  in  ether. 
Cold  Strong  sulphuric  acid  dissolves  it  without  decomposition.     It  dissoh 
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lid  fata,  stearic  acid,  pnlmitio  acid.  &c.,  and  la  di&9olTcd  by  bile,  with 
rmatioti  of  a  soup  und  strofig  ii€:id  rviix^Uon. 

Oleic  iicidp  in  fhn  bvlvl  sure,  oxidizer  but  dIowIj  in  the  air;  but  whc»n 
ilied*  it  rapidly  abHorb^  (»iygen^  aeqiiiriug  u  rutuuil  Uislv  and  ^uiell  atid 
lecidetl  acid  reaction.  Its  decompoi^itioEi  by  fiiisiuii  with  potas^h  baa  b(.M*ii 
ready  nieni toned.  Chtorine  and  bromtne,  in  presence  of  water,  cunTcrl  it 
to  dichloroleic  and  dibrumoleic  acid,  liroiniuei  added  by  drops  to  fuijed 
sic  acid,  forms  tribrom  oleic  iieid,  (^j^HjilirjOj, 

Strong  ni/rte  fiftd  attacks  oleic  ucid  wiib  liokniec,  giTJng  off  red  uitrous 
pors.  and  prodiiring  Tolatile  acids  of  the  serie?^  ^^j^Ma^^^/i  ^"'^-j  act'tii\  pro- 
onie,  butyrie,  valeric,  caproic,  ccuanl  hylic,  caprylic,  pelargctnic^  and  rulio  , 
idi;  »lso  fixed  acids  of  the  aeries  CoiLn_4<\,  vlt,,  Hubcrie,  pinielio,  adipic,  , 
lie,  tnd  ftzelaic  acids,  the  numbi^r  and  proportion  of  these  products  vary- 
If  with  iho  duration  of  the  action. 

Niiroux  ar/cf  eonv<?rt»  oleic  acid  into  a  eolid  isomeric  or  ftllotropic  modiS* 
tion,  calle^i  diwHe  ficifL 

OlmteM,— The  formula  of  the  neutral  oleaies  is  Ci^lTj^O^M,  or  {^yJ^sfi^^^U^, 
cording  to  the  equivalence  of  the  metal;  there  are  likewii^e  ucid  oleales. 
le  neutral  oleatM  of  the  alkali-meUib  are  aoluhleiri  wjaer,  and  not  so  coni- 
3tely  precipitated  from  their  solutlood  by  the  addition  of  unolber  soluble 
It,  aa  the  stearates  nnd  pnlmi tales.  The  acid  oleaies  are  liipiid  and  in- 
luble  in  water.  The  oleates  disfiolTe  in  cold  abtcolnle  alcohol  and  in 
ler,  a  property  by  whicli  they  may  be  distinguiahed  and  separated  from 
»  sCearatds  and  palmitates. 

OltirtM, — Oleic  acid  forms  three  glycerides,  ti7,,  iwonolem*  (r'4n^)'"''(0H) 
^n^O^);  diolein,  <C,H^)''0>H)(r,;n^O,,),;  and  Irioknn,  {r,Il,)'^^(r„U,3 
L,  which  are  produced  by  beating  oleic  acid  and  glycerin  logelber  in 
Jed  lubes  in  various  proportions.  The  first  two  solidify  at  about  16**. 
The  olein  of  animal  fatt!^  and  of  oliye  oirand  several  other  oili»,  both  aid- 
d  and  vegetable,  which  do  not  dry  up  in  the  air  by  fI^w  oxidation,  but 
3  converted  into  viscid  masses  having  a  rancid  odor  and  acid  reaction 
on-dry iiig  oil»),  appears  to  be  identical  witli  triolein^  but  there  is  great 
Bciilty  in  obtaining  il  pure.  Olive  oil^  cooled  to  4°  C.  {39°  F.)  or  a  lower 
nperatur*,  deposits  a  large  quantity-  of  solid  fat,  consiisting  mainly  of 
Imitin  (originally  called  piarf/ftrin,  from  its  pearly  hi?%tre),  and  the  oil 
ered  therefrom  consistB  mainly  of  olein.  h  piir<>r  oleiii  is  obtainc^^l  by 
mating  olive  oil  vyith  a  cold  strong  f^olntiim  of  caustic  soda,  whieh  saponi- 
9  the  i^oUd  fatii,  and  leavca  the  olein  unuUered.  Olein,  snbjectt^d  to  dry 
itillAtion,  yields  gaseous  products,  liquid  hydrocarbons,  aoroleiu,  and 
t>ic  acid. 

Some  non -drying  oils  contain  the  glycorJdeg  of  acids  homologous  with 
sic  acid  ;  such  is  the  case,  iig  already  observed,  with  croton-oih  cfirtb-ntii 
r  and  ?perm-oih  Doegling  train-oil,  obtained  from  the  doegling  or  bollle- 
•!ed  whale  \  Ihd^na  roffmttt),  yiebls  duf^ii^  arifl  V^^]]^0^,  Colza-oil,  ob* 
nod  from  the  seeds  of  certain  species  of  /Jras&icn,  cnpecially  the  unmmer 
pe  or  colza,  BraxMCfi  cnmp(4{n9,  vor,  oleiftra^  yields  hntngie  ftfid,  CyJl^^O,; 
d  Ihe  oil  of  bbick  muislard-tteed  yields  a  simikr  and  probably  iJentical 
id,  called  entcic  acid. 

Drying  oih.  such  as  Imeeed  and  poppy  ojl«,  and  castor- oil  which  is  a 
n-drying  oil,  contain  the  glyoerides  of  acid^  beloaging  lo  other  eeries, 
lich  will  be  noticed  hereafter. 


Acids  Isomeric  with  the  natural  acrylic  acids  arc  prodiK^ed  by  abffiraetimi 
the  etc m cuts  of  water  from  certain  acid  ethers*  hairing  V\i%  t^ixa^^six^xjo"^ 
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of  oxalic  acid  in  which  one  atom  of  oxygen  is  replaced  bj  two  eqiUTakatf 
of  an  alcohol-radical  of  the  series,  CbH^^|: 


CH, 

CH,CH, 

CTLfiB^ 

HO-C=0 

H0-<5-CH, 

HO-C-CH, 

HO— C-CH,CH, 

no— 0=0 

HO— C=0 

HO— C=0 

HO— C=0 

Oxalic  acid. 

Dimcthoxalie 

Ethometh- 

IMeibozalio 

acid. 

oxalie  acid. 

acid. 

Now,  when  the  ethylic  ethers  of  these  acids  are  tnmted  with  phoepborie 
oxide  or  phosphorus  trichloride,  they  gi^e  up  a  molecule  of  wat«r  (OH,), 
at  the  expense  of  one  of  the  molecules  of  hydroxyl  (Oil)  and  an  atom  of 
hydrogen  abstracted  from  one  of  the  monad  alcohol-radicals,  whicli  if 
thereby  converted  into  a  dyad  radical  (an  define)  capable  of  saturating  the 
unit  of  cquiyalence  of  the  carbon-atom  set  free  by  abstraction  of  the  bj- 
droxyL     The  product  is  the  cthylic  ether  of  an  iso-aorylio  aeid ;  thus, 


CH, 


HO— C 


'— CH, 

n,c,o— C=0 

£t  hylic  dimeth- 
oxalate. 


—        OH,       = 


H/3=C— CH, 

H,C,0— C=0 
Etnylio  methyl- 
acrylate. 


The  ethyl ic  ctlicr  thus  formed  is  conyerted  into  methacrylic  acid  by  saponi- 
fication \i-ith  potash  in  the  usual  way.  In  this  manner  the  following  iso- 
acrylic  acids  have  been  obtained: 

C(CH;)(CH,)'' 
Methacrylic  acid  .  .  .  |  isomeric  with  Crotonic  acid 

CX)0H 


C(CU,)(C,H,)' 
Methylcrotonic  acid.  I 
CC 


COOU 


C(C,H,)(C,n,)'/ 

Ethvlcrotonic  acid .  .  | 

OOOH 


Angelic  acid 


Pyrotercbic  acid 


The  actual  formation  of  the  ethers  of  these  acids,  by  the  action  of  phos- 
phoric oiido  ami  phosphorous  chloride  on  the  oxalic  compounds  aboTC 
mentioned!,  takes  place  in  the  manner  shown  by  the  following  equations: 


c(oin(cii5)(Cjii,) 
coor^Hj 

Ethylic  ethometh- 
oxulate. 


G(On)(C,H,), 

cooc,n. 

Ethylic  dieth- 
oxalate. 


G(CH,)(CVI,)'' 
-f  P,0,  =      I  +    2P0,n 

COOCjHs 
Phosphoric     Ethylic  methyl-    Metaphos- 
oxide.  crotonate.         phoric  acid. 


+     2PC1,  =  8 


Phosphor- 
ous chloride,     ethyl-crotonate. 


COOC.,H, 

EthvHc 


4-    P,0,-|-6HC1 

Phosphor- 
ous acid. 


The  iso-acrylic  acids,  when  fused  with  potassium  hydrate,  are  converted, 
like  the  normal  acryVic  ac\dft,\Tv\o  two  acids  of  the  acetic  series.  The  rlyail 
rndical  of  the  iso-ncryVic  ac\*\  V^vW^^Xt^e^vW^-j  \>Kvi  w\^vcv^  vA  V^^wx^^w'de- 
rived  from  two  moleculea  ot  ^oVti*?\um  V>j*ix)ewv^  v:i>n»\\>),  ^\v^  ^^vvv^x^ \^ 
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oombination  with  two  atoms  of  oxygen;  and  at  the  same  time  the  two 
atoms  of  potassium  displace  the  basic  hydrogeu-atoms  of  the  two  acids  thus 
produced,  conyerting  them  into  potassium-salts,  and  expelling  the  hydro- 
gen as  gas;  thus: 


C(CH,)''CH, 

COOH 
Methaorylio 
acid. 

COOH 
Methyl-cro- 
tonic  acid. 

C(C,HJ^/CA 

COOH 
Ethyl-cro- 
tonio  acid. 


+    2K0H  = 


CHjCH, 

COOK 
Propionate. 


+ 


CHjCH, 
2K0H  =    I 

COOK 
Propionate. 

CH.C.Ha 

2K0H  =    I 

COOK 
Butyrate. 


H 

COOK 
Formate. 

CH, 

COOK 
Acetate. 

CH, 

COOK 
Acetate. 


+    H, 


+    H, 


+    H, 


The  normal  acrylic  acids  are  decomposed  by  potash  in  a  similar  manner, 
yielding  two  acids  of  the  series,  CbHsbO,;  but  one  of  these  is  always  acetic 
acid.     Hence  it  is  inferred  that  they  have  a  constitution  represented  by 

C(CaH,„)'^H 
the  formula  I  ,  and  that  their  decomposition  by  potash  is  rep- 

resented by  the  equation : 

C(C»H^)''H  CH,  C«_,H, 


+    H, 


I         -  '  +    20H,    =      I    '  +1 
COOH                                        COOH  COOH 

Iso-acrylio  Acetio  Homologue  of 

acid.  acid.  acetic  acid. 

The  formulae  of  the  individual  acids  are  as  follows : 

CH(CH,)^^    CH(C,HJ'^    CH(C,He)^'    CHCC^H,)^^'       CH(C„H„) 

COOH  COOH  COOH  COOH         '  '  *  COOH 

Acrylic.        Crotonic.         Angelic.      Pyroterebic.  Oleic. 

It  is  easily  seen  from  these  formulae  that  crotonic  acid,  when  decomposed 
by  an  alkali,  must  yield  two  molecules  of  acetic  acid;  and  that  the  other 
acids  above  formulated  must  yield  acetio  acid  together  with  formic,  pro- 
pionic, butyric,  and  palmitic  acids  respectively. 

An  acid  isomeric  with  crotonic  acid,  and  differing  from  methacrylic  acid, 
has  been  obtained  by  boiling  allyl  cyanide  with  caustic  potash : 


CgHjCN    +    KOH     + 


NH,    -f    C.HjKO, 


CH(CH,)'^ 

Frankland  assigns  to  this  acid  the  composition  CH, 

COOH 
There  is  also  an  acid  called  eampholie  acid,  C«p^Oy  ^^ ^^\v<i^\\s^  V«ft!Cvsv5|, 


common  camphor,  Cj^HjJOj  with  potassium  Viydtat^.   \t  tWkTk<iV.\i^\xv<5s>jA«!.^ 
XD  either  of  the  aerica  of  acrylic  acids,  ina8tnuc\i  a»  \\.  ^^^li  t^^^^  «i\3Scfc\\.>3skft 
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rcaelioiis  of  eitBor.     It  is  a  white   cry^ttAlline  body,  insoluble  in 
soluble  ill  alcohul  and  ether,  deconi poised  b^^  di»<tilUiiitii  with  phu»p)io 
oxide,  mui  carbon  moooxide,  water,  and  canipbiPkneT  C,Hj^t 


Monatomic  kM*  helomglng  to  the  serioi  QuH^^fi^  or  (7^11^^0(011). 

Onl^  tliree  acids  of  this  series  are  kooivn,  vti.:  sorbk  and  parajorhis 
acids,  both  having  the  couifioBition  CaHJ^yi  and  camphic  acid,  Cml^M^V 

Pitramrhicadd  ia  a  volntile  oily  aciJ  obtained  from  mountain-^  '  '  ^-:  -- 
xorbtc  orui'iA  a  crystalli^able  acid  produced  from  it   by  getiUe   1  t> 

solid  ]u>ta8h,  or  boiling  with  atrong  hydrochb^ric  acid;  it  melu  -  ...  '.  j* 
C  {*21i°  F.),  Tolatilizes  without  decompo^itioti,  and  decomposes  earboumii'a 

Camphit  aad,  <^niH,gOj,  is  obtained*  together  with  the  corrtti*poti»iing  alco- 
hol, caniphol  (p,  546),  by  heating  common  camjdior  with  alcoholic  aoJ*- 
fiolmion  in  scaled  iuboa  to  170**-190^  C.  (338<'^74^  F,). 


Camphor. 


+    OH,    = 


Camp  hoi 


Cati}pbic 
ifccid. 


By  nentraliiinpr  the  resiiltinpj  alkaline  volution  with  sulphuric  acid,  dii- 
solving  out  the  Bo^liiini  eantphate  with  nlcohoh  evaporating,  and  ajrain  adding 
sulphuric  neitl.  the  t-ninphic  ticld  \»  ohtained  as  a  solid  nta^a  li.  •  '  -  '^-rn 
water,   insoluble   therein,  easily  soluble   in   alcoliol.     The   pnt  i 

sodium  fin  It ««  are  insoluble  in  «tronjf  alkaline  lyes.     They  pr<'<    ,  fe 

SftliH  of  etippert  iron,  ailrer,  and   zinc,  not   thoHC  of  the  alkali- me tmia ;  ■]! 
the  precipitates  are  aolubte  in  a  large  quantity  of  waieif. 


I 


Honatomle  Acid  belonging  to  the  series  Cnn,B^O^ 


5 


Ift/firoiymzoic  and,  C^n,„0„  or  <UT,0(OM),*  —  Thi»  oeid,  corr«spf>iidi 
to  the  unknown  aleotiol,  r.ll^.^O,  in  formed,  logeUier  with  uther  producti^ 
by  the  action  of  t$odium  amalgam  on  b<mxoic  acid: 


C,H.O, 

Benzoic 

acid> 


+        2H,        = 


C,H„0, 

ifydroben- 
loic  oeid« 


It  is  more  easily  obtained,  however,  by  bniling  hydrohenFylurto  acid  i* 
product  of  the  decompo^^ition  of  hippuric  acid  by  sodium  auialfram)  whh 
alkalies  in  a  close  vessel  r 


C„lf   NO,     + 
Hydrubcnzyl* 
uric  acid. 


OHj     = 


{llycooiuo. 


Benzyl 
aleohoL 


+ 


Hydrohon- 

loic  acid. 


1 


It  is  a  cryslallin©  acid,  forming  ft  crystalline  caleitim  salt,  (C,H^O.),<X 
ftn«l,  when  recryslallited  either  in  the  free  ulate  or  in  the  form  of  calt'iiim 
Palt,  is;  iiltimafcly  converied  by  oxidation  into  hentoic  acid.  Its  etlr^Iic 
i'ihert  C.j\\Ji\,{\[i.^,  lim  tUo  odor  of  ethyl  valerat<?. 
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Xonatomie  Aeida  belonging  to  tlio  lorioa  OB^a^r — AromaUo  Aoidt. 

These  acids  are  produced  by  some  of  the  processes  which  yield  the  fatty 
acids,  yiz. — 1.  By  the  oxidation  of  the  corresponding  aldehydes  and  primary 
alcohols:  thus  benzoic  acid,  C.H^Ojm  is  formed  by  oxidation  of  benzoic 
aldehyde,  C^H^O,  and  of  benzylic  alcohol,  C^IIjO. — 2.  By  the  action  of 
water  on  the  corresponding  acid  chlorides.  —  8.  By  the  action  of  alkalies 
on  the  cyanides  of  aromatic  alcohol-radicals. 

They  are  likewise  obtained :  4.  By  the  simultaneous  action  of  sodium  and 
carbon  dioxide  on  the  monobrominated  deriyatiTes  of  the  aromatic  hydro- 
carbons: thus, 


CeH.Br    + 
Bromo- 
benxene. 


Na    +    CO, 


NaBr    + 


C.H.NaO, 

oouium 

bensoate. 


5.  Certain  aromatic  acids  are  produced  by  the  oxidation  of  hydrocar- 
bons homologous  with  benzene. 

The  known  acids  of  this  series  are : 

Benzoic  acid,  C^H^O.. 

Toluic  and  Alpha-toluic  acids,  CgH,0,. 

Xylic  and  Alpha- xylic  acids,  CyHjoO,. 

Cumic  acid,  C^oH^O^  homologous  with  toluic  acid. 

Alpha-cymic  acid,  CnHi^O^  homologous  with  alpha-toluic  acid. 

Benioio  Acid,  C,H,0,  =  C^H^OCOH).— This  acid  is  the  analogue  of  ben* 
xylic  alcohol,  and  is  produced  from  it  by  oxidation  with  aqueous  chromic 
acid: 


CeHj.CHjOH 
Benzyl  al- 
cohol. 


+    O,    ==    OE,    + 


CeHj.COOH 

Benzoic 

acid. 


It  is  also  formed  by  oxidation  of  benzoic  aldehyde,  CjB fi  (bitter-almond 
oil),  in  presence  of  platinum  black,  or  with  nitric  acid. 

it  may  be  produced  directly  from  benzene,  by  acting  upon  that  com- 
pound in  the  state  of  vapor  with  carbonyl  chloride  (phosgene  gas)  whereby 
it  is  conTcrted  into  benzoyl  chloride,  and  decomposing  this  chloride  with 
water : 

C,H,      +      COCl,      =s      Ed      +      C^HjOCl 

Benzene.         Carbonyl  Benzoyl 

chloride.  chloride. 


C^HjOCl 
Benzoyl 
chloride. 


+        OH,        =        HCl        + 


CtH,0(OH) 

Benzoic 

acid. 


Fourthly,  it  is  obtained  by  boiling  hippuric  acid  (or  the  urine  of  cows 
or  horses  which  contains  that  acid)  with  hydrochloric  acid.  The  hippuric 
acid,  C,H,NO,,  which  has  the  composition  of  benzoyl-glycocine,  then  takes 
up  a  molecule  of  water,  and  is  resolved  into  glycocine  (p.  614)  and  benzoic 
acid: 


C.H,(C,H,0)NO, 
Hippuric  acid. 


+    OH,    = 


C,H,NO,    +    C,H,0, 
Glycocine.  Benzoic 

acid. 


This  process  is  applied  to  the  preparation  of  benxoic  acid  on  the  large 
scale. 
Benzoic  acid  is  also  produced  by  the  oxidation  of  a  great  Yaii«t^  ^1  ^x* 
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gtiiic  bodies^  us  cunicii«,  cinnAnuc  aldoUjde,  eintijiiiito  ncid,  ei&i 

E)«xiftoic  acid  exisU  rcadj  formed  in  Urge  qujintlt/  in  seTer^I 
and  gium-resLuit,  c»peciiilly  in    gum-beuxtiiiit  a  rediti    which  extadi 
the  bii.rk  of  Sttfrai  benzom,  a  tree  growiDg  iti  Sumalrs,  Jiivil,  Bon 
Siaiu.     When  this  subsUncc  is  exposed  to  &  gentle  heat  in  m  subliiu 
self  the  beozojc  acid  is  volatiliicd,  and  may  be  ooodensed.     Th«     _ 
and  mosl  efficicut  a[»paraLua  for  this  and  all  similar  operaltoD«  ta  ibe 
trirauce  of  Dr.  Mohr:  it  consisla  of  a  shallow  iron  pan,  orer  th*  boU< 
of   which   the  eubistaiiee    to   be   sublim^il    19   thi; 
JFig.l^  spread;  a  Bhocl   of  bibulous    paper,    ptcre«<l   with 

number  of  piu-hole&,  la  then  atretcbc^*   -^ 
acl,  and  a  cap  made  of  thick,  strong  > 
tridge-paper»  is  secured  by  a  string  i-r 
ivhole.     The  pan  id  placed   upon  a    »«nd-bath,  ai 
iloivlj  heated  to  the  requisite  temperature;  the 
por  of  the  acid  cotidcDi$c«  in  the  cap,  niid  the  crji 
are  kept  by  the  thin  paper  diaphragm  frouj  fali 
back  again  inio  the  pan.     Benioie  acid  thus  oi 
assumcK  the  form  of  Hght,  feathery,   colorlcj 
tals,  which  exhale  a  fragrant  odor,  not  belon^    _ 
the  acid  itself,  but  due  to  a  small  quantity  of  volaiil 
oil.     A  more  productive  method  of  preparing  the  acid  is  to  mix  the 
dered  gum-benigin  Tcry  intimntely  with  an  equal  weight   of  iilakad 
boil  Lhis  m inure  with  water,  and  decompose  the  fiUered  solution,  o 
t  rated  by  evaporation  to  a  tsmall  bulk,  with  cxce^ss  of  hydrochWi 
the  henioic  acid  cryalalliaes  out  on  cooling  in  thin  plates,  uhieh 
draineil  upon  a  cloth  filter,  pressed,  and  dried  in  the  air.     By  nubltnii 
which  ia  then  effceted  with  t rifting  loss,  Ihe  acid  is  obtained   perfect 
white. 

Benzoic  acid  i^  inodorous  when  cold,  but  acquires  a  faint  stniell  wh 
gently  wnnucd:  li  mell**  juat  below  IL^'^C,  (:jr>t»°  F.),  and  t*ublitfH'4  at 
Ictimcrnture  a  little  above;  it  boils  at  241***  C.  (48()»  F.),  and  eniiia  a  ▼•] 
of  the  density  of  4*27.  It  dissolves  in  nbout  1IC)0  parts  of  cold  anfl  25 
of  boilinjr  water,  and  with  great  facility  in  nleohol.  Benzuie  acid 
affected  by  ordinary  nitric  acid,  even  at  boiling  heal;  but  vt'tth  fumtn 
acitt  it  forms  a  substitution-produci. — CMoritm  also  acts  on  bentol 
forming  fiiuhst  it  ul  ion -products. — Phoj'phorn^  ptntnchlorith'  converts  ; 
benzoyl  chloride,  r,iljt)Ci. — Benzoic  acid  dissolves  in  ordinary  stro] 
phuric  acid,  but  is  precipitated  unaltered  on  addition  of  water.  By  fund 
sulphuric  acid,  however*  and  still  more  readily  by  sulphuric  oxide,  it 
converted  into  sulphobcaioic  acid,  t^,ll^*50-,  a  bibasic  acid  to  be  dcserib^i 
hereafter.  By  nascent  hydrogen  (evolved  by  sodium^amalgam)  it  is  jMirt^ 
reduced  to  benioic  ahlehydc  and  b<*n*ylic  alcohol,  and  \n  partly  ccmvertH 
by  Addition  of  hydrogen,   inlo  hydrnbi"nioic  acid,  CtHjo^S  (P»  t"^32). 

All  the  hftntuif^i  nre  more  or  less  soluble:  they  are  easily  rormed,  cithtt 
directly  or  by  double  decoinpohilion.  The  hmi<Hitf»  0/ the  alkalttt  and  of  asi 
mnnid  are  v«»ry  soluble,  and  somewhat  difhcult  to  crystalliie.  —  Citiavmhrtu 
to4ite  forms  groups  of  smnll  colorless  needles*  which  require  20  parts  d 
cold  water  for  solution.  The  hanum  »ttltH  are  soluble  with  difficulty  in  tht 
cold.  Neutral /rrrrr /'fusfm/f  is  a  soluble  compound;  but  the  basic  sail  ob- 
tained by  neutrfilizing  as  nearly  as  possi>>le  with  ammonia  a  solution  o| 
ferric  oxide,  and  then  adding  atnmonium  benzonie,  is  (]Uite  insoluhle.  Irm 
is  Hiimetimes  (hus  scftlirnted  from  other  nutal!*  in  qu  tint  it  stive  analysit 
Neutral  and  basic  l^tuilmiswitr  are  freely  soluble  in  the  ootd.  Silwir  6m 
soa/f  crystalliiea  in  thin  transparent  platea»  which  blacken  otk  exposure  l| 
liglit.  ^ 


BENZOIC   ACID. 


Cnlcium  benioat©  is  resolT^d  by  dry  distilliition  into  Cftlchim  cnrbonut© 
and  beiiJEone,  or  Wiixopbenone,  C^jIlj^jU,  the  ketone  of  benioic  acid; 

Culeium  ben-  B&uioue. 

zoate. 

On  the  other  hand,  benzoic  aeidr  dtsdlled  Ti'iih  excess  of  lime,  is  resolve 
into  fiiTbon  dioxide  and  benzene: 

Cjll,0,         =  CO,        -t-        CaH,. 

Benzoic  CiiLORrDB,  oa  Bexjsoyi,  CHJ.0TimK.C7H/iCl. — This  compound, 
derived  from  benzoic  add  by  Bllb^<llltul:io^  of  ehlurinc  for  hvdroxyl,  is  pre* 
pared  by  the  action  of  phosplionis  pentachloride  on  beiijsoic  acid: 

c,UjO(on)   -f   pci.ci,  =   poci,  -f   jici  -f   c,Hj^oci 

The  two  substancea  are  mixed  in  eqoivalent  quantities,  and  geiilly  heated, 
A  brisk  reaction  cn»ue^,  liydrochlurie  ncid  is  evolved,  while  oxychioride  of 
pho^pli(>ru8  distils  over;  and  when  the  temperalure rises  loUKj^C  (384*' F.), 
the  receiver  is  to  be  chiingred^  and  the  beiutoyl  chloride,  which  pa(ts«a  over 
at  tlmt  temperature,  eollecled  separaiely.  It  may  also  be  pre|mred  by  sub- 
jecting bitter-almond  oil  (C^H^Oj  to  the  aetion  of  dry  chkiriue  gas.  It  is 
A  colorh'Sft  Uquitl  uf  peculinr,  disagreeiible,  and  pungent  odor:  il«  deustly 
is  1*106,  The  vapor  ia  inllammable,  and  burns  with  n  greenish  ttame;  its 
density  (referred  to  air)  i»  4'9H7.  Benzoyl  chloride  is  decompof^ed  slowly 
by  cold  an<l  quickly  by  boiling  water  into  benioic  and  hydrochloric  acida  t 
with  an  alkulioe  hydrate,  a  benzuate,  and  chloride  of  the  alkalic  metal,  are 
generated. 

BiHaoYb  Io»in«,  C^HjOI,  is  prepared  by  distilling  the  obloride  with  po- 
tassium ioillde:  it  forms  a  colorless,  crysijilliue,  fusible  mass,  decomposed 
by  ivater  and  alkalies  in  ihe  same  maimer  as  the  chloride.  The  hrmnitk, 
CylJni*llr,  htttf  Tcry  simihir  properties.  litnzoifl  cyanide^  C^llgiJ  ,  CN,  ob- 
tukined  by  beiiting  the  chloride  with  inercnrio  cyanide,  forma  a  eryatalUne 
mftSa,  fusing  uL  aP  C.  (87°  F  j.  boiling  at,  l!U7^  C.  (4114'*  f .),  and  having  a 
pungent  odor,  somewhat  rcseiiibling  that  of  OLDDanioUi  All  iheae  com- 
pounds yield  ben /.amide  with  dry  ammonia. 

Bknxoyl  Oxide,  or  ANHTt>Rii)E,  C,^n,jOj.  or  (C^rTaOjjDT  ia  obtaiiied  by 
the  action  of  heuzoyl  chloride  on  potassium  benzoate; 

C^HsOlONtt)     -f     C,HaOCl    =    NwCl    -f     (Q^T{fl)p. 

Bcnioyl  chloride  iicls  in  like  manner  on  acetate  or  Tftlerate  of  podium,  form- 
ing aceto-benzoic  or  valero-benzriic  oxide«  either  of  which  splits  up  on  dis- 
tUJiktion  into  aociio  or  valerie  oxide  and  benzoic  oxide ; 

+      C,HgO(0Na)      =      NaCl    + 


< 


Beniyl 

chloride. 


Soiiium 
valerate. 


Valero-ben- 
loio  oxide. 


and: 


I 


Hc:^:o}o  = 


Valero -ben- 
zoic oxide. 


(c,n,o),o 

Benzoic 
oxide. 


+ 


(r,H.o),o 

Valeric 
oxide. 


Bcnzo  oanauthylic,  bpn/o»learic*  beuzo-angelio,  benzo-cutninie  Oiide,  &nd 
ieveral  othor»»  have  been  obtained  by  similar  processea. 

Beuiolc  oxide  crystalliica  in  oblique  rhombic  prisms^  melila^  ^  *^ C« 
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(107^  F.),  and  dbtilUng  unaccomposed  at  3WC.  (6f*0«>  F.%     It 
bs>iUa(;  wulL-r,  reinairtiiig  fluid  for  &  long  litn<»,   but  tj^  uUittia1«ly  ooiiv 
intD  bi^ti7.c>io  ucid,  iiud  dinnolvca  :  caui^tic  alkttVi4*i«  effect  tbc  copvi;r«iatt  1 
more  rii[iidl>%   Willi  aiuinutiitt  it  forms  ammonium  be ni<iat«  and  h^n 

(C.H,0),0     +    2KH,    =^     C,n,0(MgO     -f     KH,C,n,0 
BcDXdic  AniiuoniutQ  Betizamide. 

oxide,  benioate. 

Bbszotl  Dioxidj!,  on  Pkhoxids,  Ct,H,gO^,  or  (C^H^O,),,  —  Br<Mii«  ©b- 

tttified  I  ilia  coiiipuumi  hy  bringing  bcmuyl  cUloride  in  coQt act  with  bari- 
um dioiid©  under  water;  Ibe  product,  when  rc-cry stall bi*d  fron  etlier» 
yielded  Urge  Blituing  cry»talj(of  bentoyl  dioxide,  which  explo<lc  wb«ii  hfttt«d. 
Wlitm  fiubmitteid  ty  the  action  of  a  boiling  solution  of  polasb,  tbia  robatMc* 
^rulvea  oxygen^  and  furms  putasstum  beozoate. 

Bknzotl  StLraiDE,  (C,n^O)^S,  obt^nc'd  by  disilllmg  the  ebWnile  niii 
iinidy  powdi^rcd  lead  sulphide,  h  a  yellow  fetid  oil,  aoUdilyixig  ^l  a  Uiw 
lempertiiure  to  a  HofL  oryaiallinc  maed* 

BiBBNZoYL,  C|^HipO^.  —  Cuprie  bcnioftte  pnbjected  to  gradual  dry  di«tfl- 
lalion,  gives  a  n-siuue  contiiiuing  salicylic  and  bifutoic  ftcids,  and  aiTuiljr 
diHtilliite  wliich  crystallizes  on  €ooltug»  and  coneiifttfl  of  dibeiitoyl.  Tlii« 
pubiitHnce  posaeat«e»  the  odor  of  the  geranium,  mcll»  at  70*^  C,  (168**  F-).  It 
wast  dijicovered  hy  Euling,  and  subaequenily  studied  by  8teiib«t«se,  Bj 
luxating  wiiU  putn^i^ium  hydrate,  it  ia  inatjtnlLy  converted  into  bensoic  aci<l, 
with  cifoliitioii  of  hydrogen. 

Atidi  derived  from  Benzoic  Acid  fiy  tuhttihtiitm^ 

CHLOnriDENZoio  Acni,  t\ll,riO^  ib  obtained  by  treating  benfoio  add  wilk 
poiaiiMium  ehlurate  and  bydroohloric  aeid.  Acids  having  the  a&ine  ttm* 
position  are  produced  by  the  action  of  chlorine  upon  benaoie  acid  la  taat- 
light,  and  also  by  diE<tilling  sulphobouxoic  acid^  (MiUcyUc  auid,  or  bjp|»iirit 
acid,  with  phosphorus  peiildcbloridef  and  boiling  the  di^tklUtc  with 
The  aeidi^i  obtained  by  ibe^e  several  inetliotis,  however^  differ  in  tbrirj 
ertiofl,  ChlorobenxoJC  aeid  Ireatod  with  Bodiiun  Amalgam  and  water  is  eas- 
Tt-rted  into  benioic  acid. 

Bromouenzoic  Acid,  C,H,BrOj.  is  formed  by  tbe  Action  of  bromios  « 
silver  bt'Oioatet 

C,n/>,Ag        +         Br,         ^        AgBr         +         C^H^BrO, 

Bromine  does  not  act  on  bensoic  acid  at  ordinary  temperatures, 

XiTfiOBKNKoic  Act  in  r,TK/K0y)0j,  is  obtained  by  boiling  benxoic  acid  f«r 
several  hours  with  fuming  nitric  acid;  and  by  prolonged  action  of  tbe  tli»* 
ing  nitric  n<}id,  or  more  reuilil^^  by  the  action  of  a  mixture  of  nitHe  and 
(lulphurie  acids,  dimtruLrtizott  arid,  (^ll^fNOjLO^  i**  produced.  Both  tfc«« 
are  ory»taUinu  bodies^  analogous  in  tnosi  of  iheir  react ioaa  to  benioie  wM^ 

AMinoBttsnoic  Anns. — Nitrobcnioic  and  dinitrobentoio  aeid«  »r«  Tt- 
duec!d,  by  treatuieiil  with  certain  redticmg  ageota,  as  hydrogen  aiilphidi  if 
amiiiunium  sulphide,  1q  amtdo-hcmmc  and  diamido-Umoie  acid4: 

*yr,(NO,)0,    +  8SHj    ^    20II,    H-    8,    +     C,H,(NII,)0. 

Kurohenioio  Atuidobeutore 

acid.  acid. 

r,l!^fNO,)/)^    4-  CSIl,    =     40Dj    +     S|    +     C,ir^iNBJ,0, 

Dinitrnbeu'ioiG  Dmniido- 

acid.  V<&%r4iic  acidL 
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Both  these  are  crjatalline  compounds.  Amiilobenitoio  acid  is  a  monobASio 
aoiil,  forming  metallio  salts  ami  etKers ;  diawidob^^tiiuic  acAd,  on  the  con- 
trary, possesses  no  acid  propertieH,  but  is  rather  ft  base,  oombluing  readily 
with  hydrocblorJc  nud  other  aoid?!,  and  forujing  eryAtalliiEabl**  sAltji. 

When  amidobeoioia  acid^  CjU^NO,,  is  subject f^il  io  (be  action  of  nitrous 
acid,  two  molecules  of  it  give  up  three  atoms  of  lijrdrogen  Iti  ei;cb&nge  for 
one  atom  of  nitrogen^  and  are  converted  into  u  compound  contaiaing  C^ 

Thla  flubalitution  of  hydrogen  for  nitrogen  waa  first  obiierved  bj  Qriesi^ 
who  has  since  shown  thai  it  is  auseeptible  of  very  general  upplicaiiun. 

By  the  prolonged  action  of  nitrons  acidt  the  cotupouiid  Ci^HjjNgO^  ia 
partially  couTcrted  into  oxy benzoic  acid,  C^HjU,. 

AcETAMrTWBKNzoio  AciD,*  €bH*NO,  —  C-H.[NH(GaH.O)]0«  or 
C,H4NUtCU,0) 

I  .^ThfS  ftcid  IB  pToduaed  by  digesting  amidobonsoic  acid 

COOH 
with  aoatic  add  at  13(P-140<'  C.  (266*-284^  F,)  in  a  sealed  tube: 

CjH,(NH,)0,     +    C,H/J{OH)     ^    OUj     +    C,lf,[NH(C,H,0)]Oj, 
Amidobenzolo  Acetic  AoeiamidobenzoiQ 

*ci(l«  acid.  acid. 

or  bjr  the  aotidn  of  acetyl  cliloride  or  acetic  acid  on  tine  amidobeBzoate : 

ZnCl,    + 


(C,rf«NO,),Zn''     + 
Zinc  oxybctizoate. 


2C,H.0Cl    = 
Acetyl 

chloride. 


2C,H,(C,H,0)N0, 

Aceta  m  ido  b  en  z  oi  G 

acid. 


L 


AceianiidobenzoJC  acid  is  a  white  powder,  conBiHting  of  microscopic  ciry»- 
tals,  insoluble  in  cold  water  and  ether,  slightly  syhible  in  boiling  wuter, 
ea.sily  in  boiling  aleohoK  It  is  a  monobasic  acid,  furniing  easily  fioluble 
salts  with  llie  metals  of  the  alkalies  ati'l  alkaline  t'artbs:  sparingly  soluble 
salts  with  lead,  silver*  and  zinc.  By  boiling  with  hydrochloric  or  dilute 
sulphurio  acid,  it  is  resolved  into  acetic  and  amidobenioio  acida : 

C^HjNOa     -\-     OH,    =    CJl/),    +     CJI^NO,, 

HiPPimio  AoiD,  oa  BaNZAMtnACEttc  Artu,  C*K„NOj  ^  CjH^(C,H.O)NOj 
C,H,NtI(C,HaO) 
=r  C,lL[NfI(C,HjOj]0a  or     I  .  —  This   acid,    isomeric   with 

COOH 

acetamidobenxoie  acid,  is  produced   by  tbe  action  of  benzoyl  chloride  on 
the  sine  salt  of  amidacetlc  acid  (glycocine) : 

(C,H<NO,)jZn^'     -f    2C,H50Cl    ^    ZnCl,    +    2C,H,[NH(C,n,0)]0,; 

the  reaction  being  analogous  Iq  the  second  of  those  abore  giTen  for  the 
formation  of  acetamidobenzoio  acid. 

llippuric  ficid  occurs,  often  in  large  quantity,  as  a  polassmm  or  i^ofHum- 
ialt,  in  the  urine  of  hordes,  cows,  and  other  graminivorous  animals;  in 
smaller  ijuaniiiy  also  in  human  urine.  It  h  prepared  by  evaporating  In  a 
water-bath  perfectly  fresih  cows"  urine  to  about  a  tenth  of  its  voluniet  filter- 
ing from  the  deposit,  and  then  mixing  the  liquid  with  excess  of  hydro* 
ehlorio  acid.  Uowr'  urine  frerpiently  deposits  hippuric  acid  without  cnn» 
cetrtrationf  when  mixed  ivith  a  considerable  quantity  of  hydrochloric  acid, 
ia  which  the  acid  is  less  soluble  Ih^m  in  water.     The  brown  crystalttno 
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maBs,  wbicli  separates  on  cooling*  is*  dissolved  in  boUitig  water,  anci  Ire*te4 
wilb  a.  »tritaiii  ol  elilurint"  gari,  iiutil  the  liquid  assumes  r  Ugbl  umbir  color, 
and  bugins  lo  atndl  of  cbloriiie  :  it  is  tUen  filtered  and  left  i  '       The 

still  impure  acid  is  rpHiissolTcd  in  water,  neutraliied  wiih  sodi  i(^ 

and  bulled  for  a  t«kort  time  with  animfti  charcoal ;  the  hot  l^iiv^i^^  ^^.^niUi^o 
is,  laMtly,  decumpused  by  bydrocbluric  acid» 

Hippuric  acid  cryftinllisEes  in  long,  slender,  milk -white,  Aod  cxce^dbifl; 
delicule  f^quare  prisms,  v«  bich  bave  a  tiHghtly  bitter  talite,  mell  on  Lbc  ap^ 
plication  of  beat,  and  require  for  solution  about  400  parts  of  cold  water: 
it  alHo  tli^ttulved  in  hot  alcoboL  It  has  an  acid  react  ion,  and  fonaa  faltt 
wilh  bn^e^s,  ruany  of  which  are  crystullixable.  Exposed  to  &  bigfa  temper- 
aturu,  bippuric  acid  undergoes  deconip<i«iiiion,  yielding  benzoic  acid,  aai- 
moniuui  beuxoat«.  and  benzoniirile,  with  a  coaly  residue*  With  hot  oil  of 
iritriol,  it  gived  of[  beutoic  actd  ;  boiling  hydrochloric  acid  couireru  it  lalo 
be&ioie  acid  and  amidacetic  acid  or  glycocine: 

CJI,(C,H,0)NO,     +      H(OH)      =     CJf.OfOH)     4.     C,^^NO^ 
llippuric  acid.  Wilier.  Benzoic  Amidaceiie 

acid.  acid. 

juai  as  aeetamidobenioic  ftdd  is  resoWed  inio  acelio  and  amidobenfoie 

acids. 

Hippurie  acid,  treated  with  nitrous  acid,  gives  off  nitrogen,  and  in  eon- 
verted  into  benzofflt/colUe  acid,  an  acid  conialntng  the  eleaiciita  of  beniotc 
and  glycollic  (oxyacelic)  acids,  tninus  one  molecule  of  water: 

c,ni,>^n,     -i-     NOjir     =     CjO^o^     -{-     oh,     -f     n, 

Hippuric  Nitrous  Beo»ogly» 

acid.  acid*  collie  aeid. 

BenjioglycoUlo  ftcld,  when  boiled  with  water,  splits  up  into  bcnxote  and  glj* 
collie  aeida: 

C,H,0,  +  OH,  =   C,H.O,  -h  C,H,0.. 

If,  in  the  preparation  of  bippuric  acid,  the  urine  be  in  tlir         ■  'p. 

gree  putrid,  the  bippuric  acid  ia  all  destroyed  during  the  eVNi  -d- 

monia  is  di^engtigcd  in  large  quantity,  and  (be  liquid  is  tl,  .,  ,.,.,.a  te 
yield  nothing  but  benzole  acid,  not  a  trace  of  M'hieh  can  be  discovervd  Ht 
the  unaltered  seeretion^  Complete  putrefaction  effects  the  f^ame  ehtagf : 
benzoic  acid  might  (bus  be  procured  to  almost  any  extent.  When  benioto 
acid  18  taken  internally,  h  \b  rejected  from  the  system  in  the  state  of  bip- 
puric acidi  which  is  then  found  in  the  urine. 

Hippuric  ncid  is  nionobasic,  the  formula  of  the  bippueaf#p  of  inafialoiinc 
nietal»  being  Cgll^ISlNOj.  Most  metuUie  oxides  dissolve  readily  in  hippurii 
acid.  The  bippuratei^  of  potassium,  sodium,  and  amtnouiam,  ar«  ftwj 
soluble,  atul  ilitficult  to  crystalUie;  their  solutions  form  a  crenm-edomd 
precipitate  with  ferric  saltn,  and  white  curdy  precipitates  with  iilter  ni- 
trate and  mercuroiis  nil  rule.  A  characteristic  reaction  of  the  htppar»tffi 
is,  that,  when  fused  with  excess  of  potash  or  lime,  they  give  atf  ammoali 
and  yicdd  beiixi-ne  by  distillation.  Mineral  acids  decompose  them,  Sf ptral- 
ing  the  hippuric  acid. 

Hippuric  acid  dissolves  so  abundantly  In  an  aqueous  solution  of  sodittn 
pbo?ipLiate,  thai  this  solution  loses  Ub  alkaline  reaction  and  becoaien  aeil 
This  reaction  may  explain  the  acid  character  of  the  recent  urine  of  laiB 
and  aniiuuls. 


a 


Tolnifl  Add.  CpH^O,  ^  CgH^OfOH).— This  formnla  includefl  two  i 
Acids,  vin. : 

Normal  iolu'^c  ftc\d,  C^H^^CU^"^  XOOH,  corresponding  to  sylyUe  aleohot« 


XYLIC  —  CUMIO   AClDSl^^* 

Alpba-toluic  Rcid,  OJi^ .  CHjCOOH,  corresponding  to  the  unknown  ftlccH 
bol,  i'jffj,  CHjCMjUli.  derived  from  ethjl-benzeiic- 

Nijfinai  toluic  acid  is  produced  —  L  Bj  oxidation  of  xylene  with  dilute 
uiiric  ncidt 

C,II„  +  0,  =  OH,  +  C,H,0, 

Also  by  tiie  prolonged  action  of  dilute  nitric  acid  on  oymcne  (p.  500), 
oxtikiic  itcicj  being  formed  ut  the  Htimi^  time ; 


Cyiuene, 


CjHjO,      -f      CjHO^     +    SOD, 

Tiiltiic  Oxalic 

acid.  acid. 


2.  Spitbetlc&lly,  by  the  action  of  sodium  and  carbon  dioxide  on  bromo- 
ioluene : 

C,H,Br    +    Na,    +    CO,    ^    NaBr    J^    Q^\l^,CO^g, 
Bromo*  8odiuin 

toluene.  tuluate. 

Toluic  ncid  Is  predpitattfd  by  acids  from  the  solution  of  Us  aalts  as  a 
white  crystallirje  miwiii,  which  mella  at  ahout  175*^0.  (iH7®  F.),  and  sub- 
limes without.  decominQaition  in  dne  n4i;edteH.  Its  ehi^niical  renetkms  arc 
ntialogous  to  tbose  of  benzoic  ticid.  By  di^tillatiun  with  lime  or  baryta  it 
is  resolved  into  ctirbon  dioxide  and  toluene*  ^^lli,.  Diutilkd  with  phos- 
phorus pentaehloride,  it  yields  loimt  cktonde,  Cgll^OCl,  or  C^lI^CUj.  COCl. 
i^trong  nitric  ucid,  at  the  boilinj^  Itrnt^  cfnivtrtti  it  into  nilrotoltttc  acid^ 
C^Uj(SO^)0^,  When  introduced  into  the  animal  organiem,  it  i«  excreted 
ms  ttfiiirtc  aciil,  f^j^HiiNi^ji  a  hornologue  of  hippurtc  iiuid- 

Afphft-Uiluk  and,  t'^llj.  (]'lLCt1\jH^  is  produced  by  boiling  bCDiyl  cyjinide 
with  strong  potash  solution  as  lof*g  hs  ammonia  m  given  off: 

CjHi.COjCN     4-     201J,    r^     Nil,     4-     C^H.  QWf.OOU 
Be  n  sy  I*  Alph  a  -t  oluio 

cyanide.  acid. 

The  reaction  amounts  to  an  interchange  between  an  atom  of  triTalent 
nitrogen  and  the  group  O^^(OH) :  hence  iho  constitution  of  the  acid  is 
apparent. 

Alpha-*oluic  acid  crystallixcs  from  boiling  iratcr  m  broad,  (bin  laminn*, 
very  tnuch  lilce  beu^oic  acid:  it  haM  an  odor  like  that  of  the  perspirution 
of  horses.  It  meKf*  at  76  o«  C.  (l*.^"^  F,)»  gives  oS*,  even  below  1W°,  vapors 
which  excite  coughing^  and  boils  at  lifiij-^*'  C,  (GIO''  F»).  It  forujs  a  g^ub- 
etitutioTi-product  with  nitric  acid,  and  when  distilled  with  phosphorus 
pentachloride,  yields  tifpha-tolmc  chlorkk,  Cgll^OCl,  or  Cjifj*  CH^COCl,  which 
passes  over  as  a  colorless  heavy  liquid. 

Xylic  Aoidt  C,ll,oO^=  C5H,(Cn,),.C0jHt  homologous  with  benxoic  and 
with  normal  toluic  aoid,  is  produced  by  the  action  of  Fodium  and  earboti 
dioxide  on  brunio-xylene,  C^II^Br;  a1»o»  by  oxidizing  cunieue,  C,II,j*  with 
nitric  acid,  Inaolinic  acid,  CjH^O^,  is  (brnied  at  \\\^  mium  tiiim^  but  ihe  two 
acids  are  easily  separated  by  digtillalion*  the  xylic  acid  passing  over,  while 
the  ioaolinic  acid  remains  btdiind.  Xylic  acid  cryatallizes  from  boiling 
water  in  needles,  melts  at  11)3'='  C.  (217^  F.J,  boils  at  273*  C.  {b'U'*  F.),  ttmi 
sublinie.<<  easily  in  needles, 

Atpha-xyltc  odd,  CjlIjiCHj).  riL^COjI,  is  oldained  by  boiling  xylyl  chlo- 
ride with  potassiium  cyanide  (whereby  xylyl  eysintde^  i'gti^d,  is  pruduee*l), 
and  then  with  pula^h.  It  cryhlallizcs  in  broad  nee<lleH,  having  a  satiny 
Lustre,  easily  soluble  In  water/aud  boiling  at  42*^  C.  (108°  F.). 

Cumio  Add,  CioUijOj,  probably  CgH4(C,H^) .  CO^H,  komQW^<i>JA  V\^  >s«».-| 
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sole  find  normal  toluic  acids,  is  produced  hj  oxidation  of  cum  in  ol  or  ruoiie 
aldehyde,  Ci^Hi/),  *.me  uf  the  coustltueutB  of  oil  of  cumin.  It  is  very  moth 
like  bcuzoiu  ucid,  is  couverted  by  fuming  nitric  actd  into  nilroeumic  %c\d, 
CiftUiiCNOljOi,  Hud  resolved,  by  distilktion  with  lime,  into  carbon  dioiid* 
and  cunii^ne,  C,^H|j, 

Gjinie  Acid,  CnHi/ij.  —  Normal  cymlc  aoid  is  not  Icnown^bttt  a1|iKacyBn« 
i^cid,   pnibttbly  C0ilg(C^H^),CUOlt«  is  produced  bjr  th«  ftclioii  of  < 

wikuliifii  on  cyuiyl  cytuud^i  Cmtl^CN. 


The  aoids  of  thi?  ^erieei  are  relal^ed  to  the  nromnlic  acida,  in  Ike 
manner  as  those  of  the  ucryUc  aeries  to  the  fatly  acids.  Only  two  of  ihenit 
htiweveri  (ire  at  present  known,  yiv. ;  cinnamic  and  atropic  a€id^  botli 
containing  C-HgO*. 

Ciirif Aiiic   Acid,  CgH-O,  s  C.H-O(OH)  =   \  » —  Thia  acid  ii 

CO  H 
produced  synthetically :  1.  By  heating  benioic  aldehyde  in  clo8«  f eisdi 
with  acetyl  chloride: 

C;H«0    4-     C,H,0C1    =    HCl    +    C^jHjO,. 

2,  By  treating  potassium  benxoate  with  ohloretbylidene  (produced  hy 
the  action  of  earbunyl  chloride  on  acetic  aldehyde) : 

C.H^O      +      COCl,      =      HCl       +      CO, 
Aldehyde.         Curhouyl 


+ 


C,H,C1 

C  h  lore  thy  l- 
idone. 


chloride. 


CtH^OjK 
Put  11 891  urn 
bcDxoate. 


=        KCl 


Chlurethyl^ 
idene, 

Ctnnatuio 
acid* 


Cinnamic  acid  is  also  produced  by  oxidation  of  einnamon-oil  (cinnamk 
aldehyde,  C^H^O)  in  air  or  oxygen,  and  exists  ready  formed,  together  witJi 
benzoic  acid,  and  certain  oity  and  reetnoufl  atibtitances,  in  Peru  and  Toltt 
balBami,  beiug  doubtless  produced  by  oxidation  of  cinnyl  alcohol  or  nlyroDfy 
CjHjoO  (p.  554),  likewise  oontaiEied  therein.  It  may  be  procured  by  lh« 
following  process  in  great  abundance,  and  in  a  state  of  perfect  purity,  01d« 
hard  Tolu  balsam  ia  reduced  to  powder  and  intimately  mixed  witli  an  «qual 
weight  of  slaked  lime:  this  mLxlure  is  boiled  for  some  time  in  a  larg«  qnia' 
iity  of  water,  and  filtered  hut,  fJn  cooling,  calcium  cinuamate  cry»tailii«i 
out,  while  calcium  henzoate  remains  in  fiolution.  The  impure  salt  ia  redi^ 
solved  in  boiling  water,  digested  with  animal  cbarcoaV  and,  after  fiUraiinn, 
suffered  to  crystalliic.  The  crystals  are  drained  and  pressed,  once  m^n 
diitaolved  in  hot  water,  and  an  excess  of  hydro<!hloric  acid  being  added, 
the  whole  is  allowed  (o  cool.  The  pure  cinnamic  acid  aeparate»  in  nnall 
plates  or  needle-formed  crystals  of  perfect  whiteness*  From  the  tirigiBal 
motber-liquor  much  benzoic  acid  may  be  procured. 

The  crystals  of  cinnamic  acid  are  smaller  and  less  distinct  than  thoae  of 

heiixoiu  acid,  which  in  most  respects  it  i^cry  closely  resembles.      It  m<rlts  al 

l2tP  €.  i24H''  F.J,  and  enters  into  ebullition  at  :^y;r  C.  (6fi0«  F,) ;  the  Taper 

$9  pungent  ftud  irriiatlni^.     C\n.iva.iu\t  ^tdA  iv,  much  les»  soluble,  Uolh  in  hot 

And  cold  Wftter,  than  beikioVc  UclA.';,  «*  \ivi'^  wiX^aLtV.^^  *^>i?ivitt.  becomes  oa 
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cooling  a  soft  solid  mass  of  small  nacreous  crystals.  It  dissolves  with  perfect 
ease  in  alcohol.  Boiling  nitric  acid  deoomposes  oiimamio  acid  with  great 
energy,  and  with  production  of  copious  red  fumes:  bitter  almond-oil  distils 
oTcr,  and  benzoic  acid  remains  in  the  retort.  When  cinnamic  aeid  is  heated 
in  a  retort  with  a  mixture  of  strong  solution  of  potassium  bichromate  and 
sulphuric  acid,  it  is  almost  instantly  oonyerted  into  benzoic  aoid,  which 
afterwards  distils  over  with  the  vapor  of  water;  the  odor  of  bitter-almond 
oil  is  at  the  same  time  very  perceptible.  Cinnamic  acid  fused  with  exeesB 
of  potassium  hydrate,  is  decomposed  into  benzoic  and  acetic  acids: 

Cf^sOa    +     2011.    =    C,HeO,    -f    C^H^O,'    +    H,. 

This  decomposition  is  precisely  analogous  to  that  of  an  acid  of  the  acrylic 
series  into  two  acids  of  the  fatty  scries  (p.  626^. 

Cinnamic  acid  is  resolved  by  distillation  witn  lime  or  baryta,  and  par- 
tially also,  when  distilled  alone,  into  carbon  dioxide  and  cinnamene,  CgHg 
(p.  601). 

The  cinnamate*,  C,H,OjM  (for  monatomic  metals),  are  very  much  like  the 
benzoatcs.  Cinnyl  cinnamate^  Cinnamem^  or  Styracin^  C^H^O, .  C,Hm  is  con- 
tained, together  with  cinnamcne  and  styrol,  in  liquid  storax  (which  exudes 
from  Styrax  calamUay  a  shrub  growing  in  Greece  and  Syria);  also,  together 
with  styrol  and  other  substances,  in  Peru  and  Tolu  balsams,  the  produce 
of  certain  species  of  Myroxylum  growing  in  South  America.  It  is  obtained 
from  storax  by  distilling  the  balsam  to  expel  the  styrol,  then  boiling  It  with 
aqueous  sodium  carbonate  to  remove  free  cinnamic  acid,  and  kneading  the 
spongy  residue  between  the  fingers.  Styracin  then  runs  out  as  an  oily  liquid, 
and  may  be  obtained  in  tufts  of  beautiful  prisms  by  crystallization  from 
alcohol.  When  distilled  with  potash,  it  is  resolved  into  cinnyl  alcohol  and 
cinnamic  acid. 

Atropio  Acid,  C^HgO,,  is  a  crystalline  acid,  isomeric  with  cinnamic  acid, 
obtained,  together  with  a  basic  cotnpound,  tropme,  b^  the  action  of  alkalies 
on  atropine,  an  alkaloid  existing  in  Alropa  Belladonna  and  Datura  Stram^ 
monium  : 

C^H^NO,        »        C,H,0,        +        CgHi^NO 
Atropine.  Atropic  acid.  Tropine. 


DIATOMIC  ACIDS. 


These  acids  are  derived  from  diatomic  alcohols  by  substitution  either  of 
O  for  Hy  in  which  case  they  contain  three  atoms  of  oxygen  and  are  mono- 
basic, or  by  substitution  of  0,  for  H4,  in  which  case  they  contain  four  atoms 
of  oxygen  and  are  bibasic. 

The  relation  between  the  saturated  hydrocarbons,  the  glycols,  and  the 
diatomic  acids,  is  shown  in  the  following  table: 

Diatomic  Acids. 


Hydrocarbons.  Glycols.  Monobasic.  Bibasic. 

c»nta+,  c,Hto+,o,  cjitoO,  c.nt,^,04 

CnHja  CBH2n02  CnHjn_,Oj  Ojjiia-A^i 

Ci.Hft»»,  C,Hte-,0,  C^n^^O,  C„Hfc-^04 

CnH,o-4  C.Ha»_40,  CpHj^O,  CnH^^O^. 
&c.                      &c. 
64» 
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Diatomio  and  Honobujic  Acidi* 
L— Lactic  8«nei,  0^05.0^ 

The  ftcids  of  Ihifl  series  may  be  divided  inlo  two  groups,  distioguifbed 
AS  normal  tacHc  acid*  and  iMolactic  acidt.     The  known  meiubcrd  of  Lhe  fteriat 


Olycollic  or  Oxyacetlc  acid,  Cjll.Oj^ 

Lactic  or  Oxypropionic  itcid»  OjIIjUj. 
•Oxy butyric  ncid,  C.O,Og«  and  Hit  iaomer,  Dimethozatic  a<Hd. 

Uxyvakric  acid,  CgH,jOj,  aod  lU  isomer,  EtbometboxaUc  acid, 

Lcucie  or  Oiyeaproic  acid,  C^U^jOj^  and  isomer,  Dteiboxnlic  acid. 

Acids  homologous  ivith  dimctboxalic  acid,  and  conULiiiiiig  7|  9,  iad  U 
atoms  of  carbon,  have  also  been  obtaiucd, 

Tbo  normal  lacrlc  acids  correspond  to  the  diatomlG  alcohols  hoxnotogous 
with  ethemc  alcobal  (glycol);  thus; 


I 

cfijOn 

IMatomie 
alcohoL 


.,0H 


C„_iHft^30H 

COOH 
Korcnal  ae*d  of 
Ittciic  stir  108. 


If  in  the  second  formula  we  make  n  successively  equal  to  1,  2, 
we  get  the  scries: 

CnfiU  CjH^OH 

COOH  C' 

Glyoollio 


S,  &«.» 


OH 

COOH 

Carbonic 

acid. 


acid. 


:ooH 

Lactic 
acid. 


c,n,0H 

COOH 


ke. 


Oxy  butyric 

aeid< 


Carbonio  Acid  is,  however,  a  hibasic  acid,  for  reasonfl  which  will  he  ex- 
pliiined  furllier  nn,  and  will  be  eoiisidered  by  itself. 

The  noriuu!  lactic  acids  are  prtxlueed: 

L  From  Hie  glycols*  by  alow  oxidnrion  in  conJactwith  platinum  hlaek,  or 
by  the  motion  of  dilute  tiitrie  acid,  Tha  hj^^her  glycols,  however,  are  partlj 
split  up  by  oxidation*  part  of  their  carbon  ns  well  as  hydrogen  h«?ing  *«ii' 
dizLMi,  and  a  lower  iicid  of  the  scries  produced;  thus  amylene  g^lycol  yield* 
oxj'bulyric  implead  of  oxyrulcrie  acid. 

2.  liy  the  action  of  nioisi  silver  oxide  on  the  mo&oehloriiiated  qx  moao* 
bromiottied  fatty  acids  (p-  708),  e*  y.; 

r,H,rio,    +   AgHO   =  Agci   +   r,H,Oi 

t'hloropro-  Laetio 

pionic  aeid.  aciti. 

By  the  action  of  nitrous  acid  on  the  amidated  deriTatiretf  of  the  fatty 
Rcids: 

C,H,NO,     +     mfi    ^    r,TT,0,    +     OH,     H-     N, 
Amid  acetic  acid  Gly  collie 

(glycooino).  acid. 

c(c^n>,-^,v>^ 

The  iMlatHc  acttU  are  represented  by  the  general  formula,  J 

COOH 
They  are  oblnlnetl  \n  l\\e  furm  of  elbers  by  the  action  of  (he  tlot'-ron:- 
pound  of  an  aU*oUc\-riid\e«i\,  C^W^-v^  ^^  w^  v^vlWtuX  ^\\\er  of  oxalic  aci<i  cu^ 
tftiuiiig  ft  radical  ol  i^e  s».iae  ft«T\«a*,  wift\\  ia  ^wC*i^\ia  wijiS«x«b.   IV.  xeeO' 
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Uon  consists  in  the  replacement  of  an  atom  of  oxygen  in  the  oxalic  ether 
by  two  equivalents  of  alcohol-radical,  and  the  simultaneous  replacement  of 
an  equivalent  of  ethyl,  methyl,  &c.,  in  the  oxalic  ether  by  an  equivalent* 
of  line,  whereby  an  ether  of  zinc-diethyloxallc  acid,  &c.,  is  produced,  which 
by  certain  obvious  transformations  may  be  converted  into  the  required 
»oid;  thus: 

C(C,H,),OZn' 
+    2Zn'C,H5  =  Zn>'(CH,)0    +       [ 

COOCHt 
Zinc  Zinc  Methylic  zinco* 

methide.        methylate.  diethoxalate. 


COOCH, 

COOCH, 

Dimethyho 

oxalate. 


C(C,H,),Oan^ 

COOCH, 
Methylic  zinco- 
diethoxalate. 


HOH 
Water. 


Zn'HO 


C(C,H,),OH 

COOCH. 

Methyfio 
diethoxalate. 


Zinc 
hydrate. 

The  methylic  diethoialate  is  easily  decomposed  by  baryta-water,  yield- 
ing methyl  alcohol  and  barium  diethoxalate : 


C(C,Hj,OH 

COOCH. 
Methylic 
diethoxalate. 


+      Ba'HO      =•  CH,(OH)      + 


C(C,Hj),OH 

COOBa^ 
Barium 
diethoxalate. 


And  this  salt  decomposed  by  sulphuric  acid  yields  diethoxallc  acid, 
C(C,Hj),OH 

I  ,  isomeric  with  leucic  acid. 

COOH 

In  the  first  stage  of  the  process  it  is  found  beat  to  use  a  mixture  of  ethyl 
iodide  with  metallic  zinc,  which  produces  zinc-ethide,  instead  of  the  latter 
compound  previously  prepared.  The  other  isolactic  ethers  are  prepared 
in  a  similar  manner. 

The  acids  of  either  group  are  reduced  by  hydriodic  acid  to  the  corre- 
sponding acids  of  the  acetic  series  ;  e.  g, : 

+      OH,  +      I, 


C.HgO, 

+ 

2HI 

=      C,H,0, 

Lactic 

Propionic 

acid. 

acid. 

The  ethereal  salts  of  the  isolactic  acids  are  conyerted  by  phosphorus  tri- 
chloride or  pentoxide,  into  ethers  of  the  iso-acrylic  acids  (p.  626) ;  the 
ethereal  salts  of  the  normal  lactic  acids  do  not  exhibit  this  reaction. 

The  normal  lactic  acids,  when  heated,  give  up  a  molecule  of  water,  and 
are  converted  into  oxygen  ethers  or  anhydrides ;  e.  g, : 


C,H,0, 

Lactic 
acid. 


—        OH, 


C.HA 
Lactide. 


Two  molecules  of  a  normal  lactic  acid  may  also  be  depriyed  of  a  molecule 
of  water,  thereby  producing  a  condensed  acid,  analogous  to  the  polyethenio 
alcohols;  e.g,: 


2CjHeO, 
Lactic 
acid. 


—        OH, 


Dilactio 


.^f.^'l'"P"P  '*f  «7M«t/oiM,  we  have  made  use  of  the  WHi«ikii&  ^^^^\&i»/aPMi  ^t  >Qb» 
(M)  ofMiac,  deaoUog  it  by  iho  ajmbol  2n', 
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crr.oH 

GlycoUie  Acid,  C^ILO,    —     I  » —  Thia  acid  ia  produce*i  in  »  viri<?lT 

COOH 
of  reuctinns,  several  of  which  hikvc  bet*n  already  mi!iitiotied,  vii.,  llie  oii- 
diition  or  glycol  bj  eoniJtct  wirh  plntiuum  black  or  by  treutuif^ni  uitbdilult 
nitric  iieid;  (he  decomiiaHiliou  of  bfiuuglycoUic  acid  by  boiling  with  »Bt«ri 
thti  (k'composition  of  gl^vcocine  by  nitrous  iicid ;  lh«  action  of  «»ief  «r 
alkuUc-s  on  brottmcetiti  and  ohlomcelic  acid,  or  th^vir  Btdin  (pp.  W6^  614, 
(>38j»  e.ff^t  by  boiling  ailver  bromi^cctate  with  water: 

C,H,BrAgO,        -f        OUj        »         AgBr        4-         C.lf^O, 

By  the  action  of  alkaliea  on  gly^x&l  aad^yaxyliti 


Tt  is  ftlao  produced  : 
acid : 

c^np.      +      OH,      =      c,rr<o, 

G  ly  0  XM,  G  ly collie  acid. 

Glyuxylic  Uxaliti  G1ycotli« 

acid.  acid.  acid* 

0.  Together  vrilh  glyoxal,  glyoxylic  acid»  and  olhcr  producta  by  the  ao- 
tion  of  nitric  a^id  upon  ulcobul. 

y,  lly  the  actiun  of  naaceni  hydrogen  (e?olvcd  by  linc  and  aulphuHo 
aoid)  upon  oxiilic  acid: 

C3H.O,         +         £11,        ^        OH,        +        Ctl\J\ 
(ixiJio  GlyculUo 

acid.  BOidt 

Glycoilic  ncid  differs  sninGwlint  in  its  properties,  according  to  the  tnia* 
ner  In  which  it  ia  preptm-tl,  being  HomelitneH  syrupy  at  id  uncrystJiUttablc, 
iionteliiuca  tiep^irjitiDg  from  ita  solulion  in  ether  in  Inrge  rejirular  cryst«li. 
It  hfiH  a  very  sour  taste^  dissolves  eusily  in  ivater,  alcobol,  and  ether;  ineUi 
at  7W^  or  l^PC.  (172^-174°  F.) ;  begins  to  hoU  at  100°;  decompu«sca  whfft 
b<>atcd  to  above  150°  C*  (302''  F.).  All  the  glycollatea  ore  mure  ur  le«i solu- 
ble and  cryatallixable. 

pff/ff/roiJie  iin\t\  CJ\p^  =  2r!,H^03  —  OHj,  also  eallcd  i\iram4rlk  ««li— 
This  iicidf  isoanrif^  with  mallt;  uoidt  n?nl  related  to  glycolUe  acid  in  tKt 
flame  rjumntT  ns  diet liL*nic  aleohnl  to  glycol,  h  prodocfd  by  Ihe  debjdri- 
lion  of  "rlyrnllie  acid,  and  by  the  oxtdution  of  diethiMiie  or  tnctbenic  ulco- 
hob  It.  in  aUa  formtd  in  the  preparation  of  glyeollic  ncid  by  beatiag 
Bodiurochhiraci^tftto  with  cauiitic  t^oda,  which  in  fact  ia  the  proeet^s  by  wbic^ 
it  waa  first  obtained  : 


Chloracetio 
acid. 


Chloraceiic 
aeid. 

icji„nn. 
me 
biv 
two 
iCkfll 


-f      2NaH0     =     NaCl      +      OH,      ^- 


C,n,NaO, 

Sodium 
glycollftte. 


NaCl 


CjHjNaO, 

i^odiiim  gljf- 

ootlatc. 

Di  glycol  lie 
acid. 


Diglycnllic  acid  ia  a  crystalline  bibasic  acid,  forming  with  uniTalfni 
melaK  noriiml  Baits  coniainirtK  f^HsM 'O^,  and  acid  ealta,  C\ll<M,0^;  irili 
bivalent  metals  it  forms  only  normal  mils,  i\lljM"0^. 


orC 


Hrii  xm 


. — Of  this  acid  ibore  an 


C-H.OH 
Imtit  Acid,  CjH^O,  =    1 

two  modificatlutiat  ont  caWisA  r*fdinan|  Wtt^c  ot\A,  \iT<»^wsft>l  by*  ppcnltar 
iCkfiueuliitioii   (if    sugar  ;    t\i©  awiou4,  tit\Vt^  ^talUwtai  v«  vw^mAakX^  «nl, 


(oh 


I.ACTIO  AOID. 
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existing  in  muscular  flesh.     The  difference  of  constitution  between  these 
two  acids  is  represented  by  the  following  formulsd : 


CH, 

CHOH 

COOH 

Ordinary  lactic  acid. 


CHjOH 

CH, 
COOH 
Paralactio  acid. 


Ordinary  lactic  acid  is  also  produced  by  the  first  three  general  methoda 
giyen  on  page  642,  yiz.,  by  the  slow  oxidation  of  propene  glycol;  by  the 
action  of  moist  siWer  oxide  on  chloro-propionic  or  bromo-propionic  acid ; 
and  by  the  action  of  nitrous  acid  on  alanine ;  further,  by  the  following 
special  processes: 

a.  By  the  action  of  nascent  hydrogen  on  pyruyic  acid: 

H, 


C,H,0,        4-        H,        =        CgH,0,. 
fi.  By  the  action  of  hydrocyanic  acid  and  water  on  acetic  aldehyde: 

CH, 
CH,  -I 

I  +  CNH       =        CHOH 

CCH 


Aldehyde. 


CH, 
CHOH 


CNH 

Hydrocyanic    Unknown  inter- 
acid,      mediate  compound. 
CH, 


20H,        = 


NH. 


CHOH 

COOH 
Lactic  acid. 


CN 
Intermediate 
compound. 

Paralactic  acid  is  produced: — 1.  By  heating  ethene  chlorohydrate  with 
an  alcoholic  solution  of   potassium   cyanide,  and   boiling  the   resulting 
ethene  cyano-hydrate  with  caustic  potash,  whereupon  ammonia  is  given 
oiF,  and  potassium  paralactate  is  produced : 
CH,OH 

+        CNK        =        KCl 


CH,Cl 
£thene  chlor- 
hydrate. 

CH,OH 

CH,CN 
Ethene  cyano- 
hydrate. 


+        20H,        =        NH,        + 


CH,OH 

CH,CN 

Ethene  cyano* 

hydrate. 

CH,OH 

CH, 

COOH 

Paralactio 

acid. 


2.  By  combining  ethene  with  carbonyl  chloride,  whereby   paralactyl 
cbloride  is  produced,  and  decomposing  this  chloride  with  an  alkali : 

CH,C1 
CH,  I 

i  +  COCl,  =  CH, 

CH,  I 

COCl 
Athene.  Paralactyl  chloride 
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cn.ci  cnjoH 

ril,        +        2H0II         =         2HCT        +         CH, 

con  i^ooH 

Paraluctjl  chloride.  Paralactie  tei 

Piiruluctic  acid  is  extracted  from  muscular  flesh  by  cold  water  on 
alcohol. 

Preptiration  of  ordinary  lactic  acid  bif  Fermentation.  ^Varioos  kinds  of  i 
nnd  dextrin,  wlien  subjected  to  the  action  of  particular  fermenta,  an 
verU'd  into  laclic  acid,  the  change  consisting  iu  a  resolution  of  themol< 
preceded  iu  Home  cases  by  the  assumption  of  the  elements  of  water: 

<V«.=<».  =  2c,ir,o, 

Glucose.  Lactic  acid. 

<\.n«<>.i      +      on,     +      4c,ii^, 

Milk  sugar.  i.acLic  acid. 

This  lactoiis  fcrnientation  requires  a  temperature  between  20*  and  < 
(:')S°  und  lo4°  F. )«  and  the  presence  of  water  and  certain  ferments- 
ulbinnintms  substiineos  iu  a  peculiar  state  of  deconipositioUf  such  as  o 
glut  in,  or  animal  nienibranes.  especially  the  coating  of  the  stomach  ( 
calf  (rennet),  or  of  the  dog,  or  bla<lder.  According  to  Pasteur  and  oi 
it  depends  upon  the  presence  of  a  peculiar  fungus.  J*(mci/fium  planch 
521).  The  following  is  a  good  method  lor  preparing  the  acid  in  cons 
able  quantity:  ll  gallons  ol  milk  are  mixi'd  with  (»  pounds  of  raw  j^ngj 
pints  of  witter.  H  ounces  of  ])utrid  chrese,  and  4  pouudt:  of  chalk,  i 
shouM  be  mix«'d  up  to  a  crramy  consistence  with  Home  of  ihc  liquid, 
mixture  is  exposed  in  a  loosely  covered  jar  to  a  temperature  of  iiboi 
(\  (^(i^  F. ),  with  occasional  stirring.  The  use  of  the  chalk  is  to  neui 
tlii>  lactic  acid,  which  would  otherwise  coagulate  the  casein,  render  it 
uble,  and  thereby  ]>ut  a  stop  to  the  jirocess.  .Vt  the  end  of  (wo  or 
weeks  it  will  be  found  converted  into  a  semi-solid  ina^s  of  calcium  lai 
which  may  be  drained,  pressed,  and  )>uritied  by  rc-crystnllizatiun 
water.  The  lactate  may  be  tleconii>ose<l  by  the  necessary  quantity  of 
oxalic  acid,  the  tiltercd  liquor  neutralized  with  zinc  carbdiiute,  and, 
a  second  tilt  rat  ion.  evaporated  until  the  zinc- salt  crystallizes  out  on  co< 
An  important  modification  of  this  process  consists  in  employing  comm< 
zinc-white  instead  of  powdered  chalk,  which  yields  at  once  diflioultly  »o 
zinc  lactate,  easily  puritied  by  re-crystalli/ati.n.  The  zinc  lactate 
lastly,  be  re-dissolveti  in  water,  and  dec«imposed  by  sulpliuretted  hydr< 
in  lU'iler  to  obtain  the  free  acid.  Tugether  with  the  lactic  acid  a  ce 
quantity  of  mannite  is  invariably  f«»rmeil.  This  is  separated  by  jigiti 
the  concentrated  ai^ueous  solution  with  ether,  in  which  lactic  acid  alo 
soluble. 

If.  in  the  first  part  of  the  prnces.'»,  the  solid  cnlcium  lactate  be  no 
moved  at  the  proper  time  from  the  fermenting  liqnid,  it  will  giadi 
re-dis-Jolve  and  disappear,  being  converted  into  soluble  butyrate  {p.  fV 

Lactic  acid  may  be  extracte«l  fnun  a  great  variety  of  li«jui<lh  c«intai 
deconqiosing  organic  matter,  as  nourrhntut,  a  preparation  of  white  eabl 
the  sour  liq;ior  of  the  standi-maker,  v'te. 

Solution  of  lacti<'  acid  n>:iy  be  c<incei:trat<Ml  in  the  vacuum  of  the 
pumji.  over  a  surface  of  oil  of  vitriol,  until  it  ap]»ears  as  a  c»>loi  less,  .m 
liquid,  of  iiy.  gr.  1-*J1.'».  li  has  an  intensely  s«iur  taste  and  acid  read 
it  is  hygroscopic,  and  very  soluble  in  water,  alcohol,  and  ether.  Al 
salts  are  soluble. 

When  syrupy  lactic  acid  is  heated  iu  a  retort  to  ISO®  C.  (260®  F.),  ti 


LACTIC  ACID, 


0Oiltftlttitig^  n  little  laotic  acid  distils  OTcr*  and  the  residue  on  coaling  farms 
li yellowish,  siiUd,  fusible  miisa^  very  biUt?r,  and  nearly  in.suluhle  in  uater* 
Tb  18  i »  diltictic  ttcid,  L\ I i  jpOjj^lICj 1 1 A)^ — 0 1 1,.  Lon g- c o 1 1 1  i  ii u e d  h u i  li  n g  w i  i  h 
water  re-oonverta  tt  iiilo  laeiic  acid.  Wbeu  tliiri  snb.siauce  h  furllier  Ih^uIcmI, 
it  desjom posies,  jiLddiug  niimerouH  products.  One  of  tbuae  is  lartu/r,  or 
laclic  anhydride,  CjH^(X«  »  voliilile  Htibscunce,  crystallizing  in  briUiunt^ 
colorless,  rhotribic  pUifH,  which»  when  put  into  water,  alywly  dissolve,  with 
produetion  of  laclic  acid. 

L&clide  comliities  with  ummonm^  formmg  laetamide^  a  soluble  cry stiilliiable 
»ubstatico  ipiimeric  with  alanin«  or  amidopropionic  aeid  (p.  (tlfi).  The  liif* 
ference  betweeti  these  two  bodieti  and  ihetr  reliition  to  laotic  acid  is  6lt* 
bibit^d  by  tbe  following  fonuulaD: 

C,1I^NH,  C,H,OH  C.H^QH 


X- 


COOH  coon  CONfl, 

Alanine.  Lactic  acid,  LacTamiide. 

Alanine  mftj  be  derived  from  laeii*?  acid  by  Bubstitutioti  of  nmidogen  for 
the  tilcohotic  hydroxy!  of  the  acid  [whieh  comes  to  exactly  the  sanie  thing 
as  n^pliiciiig  an  atom  uf  hydrogttn  in  propionic  a«id,  C,Hgt>„  by  anildogi*ii) ; 
accordingly  it  retains  an  atom  of  ba^^ic  hydrogen,  and  iber^fore  rejict»  as 
an  acid  (lactaniic  or  amidopropionic  acid) ;  but  in  lactaniide  the  bnaic  hy- 
droxyl  is  replaced  by  aniidogcn,  and  therefore  the  eonifKuuid  is  ncnirsiL 

Another  product  of  tbe  action  of  heat  on  lactic  acid  is  luetone,  a  colorless 
Totatdfl  liquid,  boiliug  at  92**J**  C-  (lUh**  F.).  Acettino  it*  also  fonni'd,  Mid 
carbon  monoxide  and  dioxide  arc  given  off»  Laclic  acid,  boiled  wjih  dilate 
nitric  acid,  or  wilh  dioxide  of  lead  or  barium,  iaconTerled  into  oxalic  acid. 
DiBtlUed  with  dilute  t*ulphuric  aeid  and  diosidi*  of  lead  or  nifinganese,  it 
j-ielda  a  targe  quantity  of  aldehyde,  together  with  carbon  dioxide,  Wj' 
driodtc  acid,  or  a  mixiuro  of  phosphorus  tetruxide  and  water,  reduces  it 
to  propionic  acid,  with  liberation  of  ioJine: 

c^r^o,   -f   tiiii   ^   c,n,o,  +  oh,  +   i^ 

Paralactie  add  in  solution  or  in  the  syrupy  state  h  undislinguishablo  from 
ordinary  lactic  acid.  When  heated  it  is  eouverted  intolaetide^  which,  when 
boiled  with  water,  yiehl«  ordinary  lactic  acid. 

LQfhttfi,  — The  besl  defined  of  these  gall  sure  represented  by  the  furmulm, 
CjHjOjM',  anrl  t^-'alla^^l/^l"-  Ilnrium  and  caleiuni  al^*o  form  acid  lactates, 
'•  9'^  (^'l^^5'^ )/->*'''*  ii*\"y  V  ^^^  lactate!*  are.  for  the  momt  pfirt,  sparingly 
soluble  in  cold  water,  and  eflSoreace  rapidly  from  their  ^oluliona;  Ihey  ar© 
all  inHohible  in  ether.  When  healed  with  eieess  of  strong  sulpliuric  acid, 
tbey  give  off  a  hirge  qnanlily  of  pure  ciirbon  monoxide. 

The  jiarulriotates  listve,  for  the  nmst  part,  the  game  composition  as  the 
»Ctii(e»;  but  »oine  of  ihcm  differ  in  form,  solubiliij,  and  other  ehuriicters. 

CiUdum  fnetiife,  {CJigi\}JOn'^  A*  A(|,,  is  obtained  in  Ibe  fermentation  pro- 
ees^i  above  dei^eribed,  or  by  boiling  aqueous  lactic  acid  with  calciuni  car- 
bonate. U  dissolves  in  9^*  parls  uf  water  at  ordinary  temperatures.  The 
paraladale  contains  only  4  molecules  of  water,  which  however  it  retains 
longer  than  the  luetate,  and  requires  12  parte  of  water  to  dit*solve  it. — 
Ztnc  liictale,  (Oj!l5f*|),/.n'' , '1  Aq.,  gives  off  its  water  quickly  at  ltH>°,  dis- 
flolves  in  (i  parts  of  boiling  water,  in  0'8  parta  of  cold  water,  and  is  nearly 
iuBolnble  in  alcohoL  The  paralactate  contains  only  2  molecules  of  crystal- 
lii^ation-wftter,  wbich  it  retains  with  considerable  force.  It  dissolves  in 
ii'88  parts  of  boiling,  6*7  parts  of  eold  water,  and  in  2*23  parts  of  aleohol, 

ber  c*dd  or  boiling.  — /Vrrow*  lactaie  \»  precipitated  in  small  yellowish 
feedles  on  mixing  ammonium  lactate  with  ferrous  chloride  or  sulphate.  — 
•  luctitte  is  a  brown  deliquescent  tna^a. 
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Lactic  Ethera, — Lactic  acid,  like  the  other  members  of  the  _ 
form  threo  different  ethers  containing  the  same  iiniTalent  aleoh'oUn 
according  as  the  alcoholic  or  the  baaic  hydrogen-atom,  or  both,  i 

placed;  thus: 

COOH  COOH  COOCjHs  COOCLH, 

Lactic  Etbyl-lactio  Monethylio    Piethylic  Ucial 

acid.  acid.  lactate.         or  eihyiic  ethj 

UctAte, 

MonethfUe  lactate,  ^i^fii  •  ^t^s*  ^'  prodaeed  by  distilling  potasri 
Bodiuin  lactate  with  potassium  elhylsulphate.  It  is  a  syrupy  liquid.  1 
at  170°  0.  (34b°  FA.     Potassium  dissoWes  in  it,  with  OTolution  of  hyd 

CjIl^OK 
forming  et hylic  potatsio-lactate,    \  .  —  EthyUlaetie  acid,  CAIJ C.H, 

COC,H,  •    4v   1   I 

is  obtained  as  a  potassium  or  calciuni-salt  by  decomposing  diethylie  1 
with  potash  or  milk  of  lim^.  When  Beparat«d  from  these  sails  by  snl] 
acid,  it  forma  a  viscid  liquid,  boiling  with  partial  deoomposition  be 
195°  and  li««  C.  (38a«-588°  F.).     DiethifUe  lactate,  C,H^(C,lf.)0,.  C 

J  produced  by  the  action  of  ethyl-iodide  on  ethylie  potassio-l»ct«te, 

sodium  ethylate,  and  by  that  of  sodium  ethylate  on  ethyl-ehloropropii 

H  C.H^ClO.CjHj      +      C.H.ONa    =    NaCl    +    C,H^O,.  (C.H^ 

[  ifthyl-chloro-  Sodium  Diethylie 

I-  propionate.  ethylate.  lactate. 

MtthyUactic  acid,  CJI1^{C^^0J^0VL),  and  its  sine  and  silyer  salts  hai 
boon  ohttiiiipd. 

The  alcoholic  hydrogen  of  lactic  acid  may  also  be  replaced  by  acid 
cals,  forming  such  compounds  as  acftolactic  aeid,  ^'8"4(^\*U^0^\  •  ^'^* 

I4ACTTL  CULORIDK.    CgII/)Cly  OR  CULOROPROPIONYL   CuLORlDR,  C,H 

CI,  is  obtainuti,  together  with  phosphorus  oxychloride,  by  gently  heal 

M  mixture  of  calcium   lactate  with  phosphorus  pentachloridc  ;  also  b 

direct  combination  of  etheno  with  carbon vl  chloride.     It   is  a  col 

liquid,  boiling  above   100°,  and  decomposed  with  water,  forming  h 

II  chloric  and  cliloropropionic  acids. 

c,n,oOH 
Lenoic  Aoid,  C«H,.0.  ^   I  .  —  This  acid,  isomeric  with  dieth( 

COOH 
acid,  is  produced  by  the  action  of  nitrous  acid  on  leucine  or  amidoci 
i  acid  (p.  till*}.     It  forms  needles  or  monoclinic  prisms,  soluble  in  watf 

cohol,  and  ether,  melting  at  about  73*'  C.  (IG:^^  F.),  and  volatilizing  at 
When  heated   for  some  time  at   that  temperature,  it  gives  off  watei 
leaves  a  syrupy  oxide  or  anhydride.     It  forms  crystalliiable  salts  anal 
'  to  the  lactates. 


fOU 
Carbonic  Aeid,  CH.O.  =  C  -^  iV^.  —  This  acid  belongs  to  the  lactic  s 

(on 

so  far  as  its  constitution  is  concerned,  being  derived  from  the  unk 

OH 
methane  glycol,  C<{  H. ,  by  substitution  of  0  for  H,;  but  it  differs  fVo 


f  OH 
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the  other  acida  of  tbe  serios  in  being  bibisic,  both  t!ie  lijdroxyl  groups 
contaiued  in  it  being  immediately  coiiuecU*<i  with  iiri  titoiu  iif  t>x^'getii  bo 
thtti  either  of  the  hydrogen-ulotusi  may  be  regarded  usi  belonging  lo  tbe 
group  COjtl. 

Carbutiic  Hcid  itatflf^  or  hydrogen  carboniiie^  ia  not  known,  inasmuch  as 
when  a  metuUic  Cdrbuuiitc  h  decomposed  by  a  Brmnger  rieid,  lUe  hydrogen 
oiirbonate,  Cll/)j,  always  split'?  iip  into  water  and  carbon  dioxidi),  which 
escapes  as  gas.  Tlie  corresponding  anlph[ir-com|mtind,  l^'lij-Sj,  is,  how- 
CTer,  obtained  as  an  oilj  liquid  when  a  mcialUc  sulpho-carbonate  is  decom* 
posed  by  an  acid  (p   2U;)). 

With  (he  alkali -met  a  In  carbonic  acid  forma  acid  nnd  normal  or  neutral 
a«Lis,  according  as  one  or  both  of  the  hydrogea-atomtii  urc  replaced ;  i.  ^.: 

Acid  aodiwm  carbonate,        CHNuO,,  or  CO  I  ^^^ 
Norma!  sodium  carbonate,      CNajOj,    or  CO(UNa),. 

With  the  earth -metals  and  other  dyad  metals,  carbonic  acid  forms  only 
rmal  saltB,  OF^'O^  and  baaic  aalts  ;  the  so-calbd  acid  carbonalett  of 
rium^  calcium.  &c.,  are  known  only  in  solution,  and  are,  in  fact,  merely 
lutiotts  of  neutral  carbonates  in  aqueous  earbunic  acid,  which  give  off 
bon  dioxide  on  boiling.  Tho  basic  carbonates  of  dyad  metals  may  be 
ewed  as  componmls  of  normal  oarboQates  witli  metallic  oxides  or  hydrates; 
Ibr  example,  idaked  limcp  produced  by  exposing  quicklime  to  moist  air,  haa 
the  compositioD  of  a  dicalcic  carbonate,  Ca'^O.  CO,(.V,  Aq. ;  and  oatiTO 
green  copper  oirbonate,  or  malachite,  consists  of  Cu^^O  .  CO,€u'' .  Aq. 
Theee  basic  carbonates  mayj  however,  be  viewed  in  another  way,  namely, 
fts  derived  from  a  tclratomic  carbonic  acid,  or  tfrihoairfjontc  acid,  Cl\^,i\,  or 
C(OH)f«  analogous  to  methane  and  carbon  tetraciilortde;  thus,  dloalcio  car* 
bonate  =  CCa"/)^ ,  Aq, ;  malachite  r=  CCu^',tJ^  .  Aq.    • 

With  metals  of  higher  atoEnioity,  carbonio  acid  does  not  form  definite  sall^. 

CAitsoKtc  Etiiebs.  — The  only  carbonic  ethers  know^n  are  those  in  whioli 
le  two  hydrogen-atoms  of  carbonic  acid  are  replacLMl  either  by  two  e*|uiv- 
lents  of  a  monad  alcohol- radical*  or  by  one  equiTalent  of  a  monad  alco- 
hol-radical and  one  equivalent  of  a  metal, 

Eth^l  carhotiiitif,  COj^CjHj)^  19  formed  by  (he  action  of  ethyl  iodide  on 
Iver  carbonate : 

CO,Ag,      -f       2C,nj      =       2AgI       +       CO,(C,H,),; 

by  the  action  of  potassium  or  sodium  on   ethyl  oxalate,  C/l4(C,H J,: 
is  reaction  is  not  quite  underiniooil ;   but  it  umouitts  to  the  reniuvjitl  of  car- 
u  monoxide,,  or  carhoo3"l.  TO,  from  the  oxalic  ether.     Fragments  of  po* 
ium  or  sodium  are  dropped  into  oxalic  ether  ft»  long  as  gas  is  diwcn- 
_  4;  the  brown   pasty  product  is  then  mixed  with  water  and   distilled, 
'be  earbofiic  ether  is  found  Hualing  upon  the  t^urtaee   of  tbe  water  of  tbe 
receiver  as  a  colorlei^s,  limpid  liquid  of  aromatic  odor  and  burning  taste. 
1*  boils  at  125®  C  (267°  F.),  ami  is  decomposed  by  an  alcoholic  soliilion  of 
polash  into  potassium  carbonate  and  alcohol.     By  chlorine  in  diffused  day- 
light it  IS  convened  into  ieirat:t*loretliyl  carbonate,  ("Dj.  (CjHjClj)j,  and  in 
unshinc  into  pentacblorethyl  carbonate,  C0'j((^jt*l4),. 

Eih^l-pot^nsmm  CffrhottfiU,  CO^iCfH^)K,  is  produced  by  passing  carbonic 
lOid  gas  into  a  cooled  solution  of  poiassium  hydrate  in  absolute  i^lcohol : 

C,H,0     +     KIlO     -f     COj     ==     OH,    +     CO,-(C,HJK. 

It  is  a  white  nacreous  salt,  decompoaed  by  water  into  potassium  oarbonate 
ftud  alcohol. 
65 
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Ethyl-mfihjl  carhomtt,  CO,(C,n,ij(CH^),  is  obtuioed  by  dislillmg  » tais^iift 
of  el Uy I- potassium  salphaLi*  and  mftm-polassiuin  carboiLiLle : 

Methyl  barium  carbormtf^  (CO^)JCH^)^^%^^,  It  obtained  aa  »  whitt  prt- 
cipttnLe  by  passing  carbouio  aciil  gas  inio  a  solution  of  b&ryu  In  mctbjrt 
ftlcoliol. 

Carbonates  of  butyl^  ovn^/,  and  atitfl,  analogous  in  compoaiiion  to  t%I 
carbonuti?!,  have  al»o  been  oblained.  I'hrttyl  hydro^tn  carhotMi^y  vt  €ai 
phenyl  carbonate^  CQ^[C^l\^)Ut  IB  identical  witk  luiUoylio  imifl^  irkioli  will  W 
doscribod  further  ou. 

Ethyl  orfhatttrbottaU,^  Ci'OCjHj)^,  18  produeed  by  beating  a  mixtore  ol 
cbloropicriii  (tricbluro-nitromelhand)  with  ubaolule  alcobol  and  ftodiuxn: 

C(NO,jCl,    -i-    iC^n^NaO    =    SNaCl    +    NO^a    4-    C(OC,H,), 
CliloropioriD,  Sodium  Sodium  Sodium        £thyl  urilio* 

ethylaie.  chloride.  nitrite.  carbonate. 

His  a  colorloBH  oil.  boiling  at  158«-1&^  C.  (31^-5180  F).  Healed  wilk 
boric  oxide  to  100**,  it  ia  resolved  into  ethyl  anhydroborat*  (p.  628),  as^ 
ordinary  ethyl  carbonate : 


C(0C,H,)4    4-    2B,0,    =    2B0,C,H5.B,O,    -f    00,(0,3^)^ 


P 


SrLPHorARBosie  ErnERs.  —  These  are  bo^lies  haying  the  coinpoaitioa 
carbonic  etht'rs  in  which  the  oiygen  is  replaced,  wholly  or  partly,  hy  e«il- 
]dmr.  The  following  table  exhibitfi  their  namoa  and  formube,  the  tlhjl 
aod  ethenc  oumpounda  being  taken  as  examples : 

Ethyl-monosylphocarbonic  jicid      .         ♦         .  CO,S  ,  (C,H,)H* 

Diethylic  mono««ulphocarboiinte     .  .         *  C0,8  .  (C5M3U. 

Etliyl-disiilphoearhotiiu  or  Xauthic  aoid         .  C08,  ,  ((^11^, llL 

Dicthylic  di^ulphocitrbonate  .         ,         ,  COS,.  (CJi,  1  ,- 

Ethyl-triaulphoearbouie  acid  .         .         ,  '>^      '<'H^,.U. 

Biethylic  trisulphocarboriate  .         ,         .  i '  .)^ 

Ethene  disulphocarbouate      .         .         ,  '        .  ^^tV^* 

Ethene  tri^ulphocarbouate    ....  Cts^  .  <*  i^U)''' 

The  metallic  ealts  of  the  aeid  sttlphotarbonie  ethers  ar**  tirnilnrfrl  In  !ht 

same  mariner  &s  those  of  the  carbonic  cthera:  thue«  carl"  'I 

with  potrtHsiiiirii  pulphetbylnie  (mereaptide),  to  form  potn-  im>- 

Bulphocarbonnte,  just  as  it  unites  wi(b  pntaBHium  etbylate  to  turiu  liiti^lhjFl- 

carbouate ;    and,  iti    like    manner,   citrbon  diiiulphide   acts    ori    potafe»iun 

ethylnte  or  alcoholic  potanb,  »o  r»  to  form  potae^aium  etbyldii»ulphooarbea^ 

ate  -  and  on  pota«i8ium  mercaptide,  or  an  alcoboliu  sidution  of  tbe  auipb- 

Lydrate,  so  as  to  form  ihu  eihyIlriiiulphocHrbonate»  thua: 

CO,  4-   fr,H^)Ka  =  CO,(C-H  )K  EthylcarhornHc. 

CO,  -j-   (CJIjjKS  ~  CO^SaJ\)K  Ethylmonosulphocorbonatc. 

CSj  +   (f^^U^I^*^  =  COS,ft:jr,)K  Etirvldihuljibocnrbonate. 

CS,  4-   (C,Hj)KS  =  CS^{Cjl\^)K  EtbyUrisulphooarbooale. 

The  neutrat  ttiipfmrftrhffnie  Hhtr^  (containing  monaiomic  alcobol-radioali) 
are  produced  by  the  net  ion  of  the  chlorides,  hroraidos.  &e,  of  alcokol-raiLir 
cals  on  the  metallic  salta  of  the  corresponding  acid  ethers,  €.ff.: 

(C^JT^IKCR,    4.     CjH.Cl     =     KCl     -f     (C,H,),CS. 
PotiiHHic  rtbvl-  £t hylic  Irisul- 

trisulpbocarbonfttc.  phocarboAaie.     * 

*  II.  ikLtMU,QbMa.^»^^vwe^|iak^VVA. 
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The  sulphocarbonic  ethers  of  diatomic  alcohol-radicals  are  formed  by  the 
action  of  diatomic  alcoholic  bromides,  iodides,  &c.,  on  sodium  sulphooar- 
bonate,  e.  g. : 

C,II<Br,    +    CS,Na,    =    2NaBr    +    CS,(C,H^)'' 
Ethene  Etiiene  tri- 

bromide.  sulphocarbonate. 

The  neutral  sulphocarbonic  ethers  are  oily  liquids ;  so  likewise  are  the 
acid  ethers,  such  at  least  as  are  known  in  the  free  state,  or  as  hydrogen- 
salts  ;  their  metallic  salts  are  rooiftly  crystalline.  The  best  known  of  these 
compounds  are  the  ethyldiaulphocarbonatet  or  xanthatet. 

To  prepare  xanthie  acid,  alcohol  of  0*800  sp.  gr.  is  saturated,  whilst  boil- 
ing, with  potash,  and  into  this  solution  carbon  bisulphide  is  dropped  till  it 
ceases  to  be  dissoWed,  or  until  the  liquid  loses  its  adkalinity.  On  cooling 
the  whole  to  — 18®  C.  (0°  F.),  the  potassium-salt  separates  in  the  form  of 
brilliant,  slender,  colorless  prisms,  which  must  be  quickly  pressed  between 
folds  of  bibulous  paper,  and  dried  in  a  yacuum.  It  is  freely  soluble  in 
water  and  alcohol,  but  insoluble  in  ether,  and  is  gradually  destroyed  by 
exposure  to  air,  by  oxidatiou  of  part  of  the  sulphur.  Xantbic  acid  may  be 
prepared  by  decomposing  this  salt  with  dilute  sulphuric  or  hydrochloric 
acid.  It  is  a  colorless,  oily  liquid,  heavier  than  water,  of  powerful  and 
peculiar  odor,  and  very  combustible :  it  reddens  litmus-paper,  and  ulti- 
mately bleaches  it.  Exposed  to  gentle  heat  (about  24°  C.  [76®  F.]),  it  is 
decomposed  into  alcohol  and  carbon  bisulphide.  Exposed  to  the  air,  or 
kept  beneath  the  surface  of  water  open  to  the  air,  it  becomes  covered  with 
a  whitish  crust,  and  is  gradually  destroyed.  The  xanthates  of  the  alknli- 
metals  and  of  barium  are  colorless  and  crystallizablo ;  the  calcium -salt 
dries  up  to  a  gummy  mass;  the  xanthates  of  zinc,  lead,  and  mercury  are 
white,  and  but  slightly  soluble ;  that  of  copper  is  a  flocculent,  insoluble 
substance,  of  beautiful  yellow  color. 

Ethylic  duu/phocarhonate  or  Xanthie  ether ,  COS, .  (C,Hj)y  obtained  by  the 
action  of  ethyl  chloride  on  potassium  xanthate,  is  a  pale-yellow  oil,  boiling 
at  200°  C.  (392°  F. ),  insoluble  in  water,  soluble  in  all  proportions  of  alcohol 
or  ether.  Ammonia-gas  passed  into  it^  alcoholic  solution  forms  mercaptan 
and  a  crystalline  substance  called  xanihamide : 

cos,(c,n.),  -f   NH,  =   c,n5(SH)   +  cos(c,H5)NH, 

Xanthie  etlier.  Mercaptan.  Xanthamide. 

Amyl'dimlphocarbonate,  COS(CcII„)»  treated  in  like  manner,  yields  xan^ 
thamyUmide,  C0S(C5H,i)NH,. 


2.— Pyruvic  Series,  Cu^tor^r 

This  is  a  small  group  of  acids,  including  — 

Pyruvic  acid,  CjH^O,  I  Jalapinoleic  acid,  C„TLqOj? 

Convolvulinoleic  acid,  CigH^^O,?  |  Ricinoleic  acid,  C,gU^O,. 

Glyoxylio  acid,  a  product  of  the  oxidation  of  alcohol,  glycol,  and  glyoxal, 
is  sometimes  said  to  have  the  composition  CJI^O,;  but  it  is  more  probably 
C^H^O^,  and  belongs  to  another  scries,  as  will  be  explained  hereafter. 

PyruTio  Aeid,  Cglf^O,,  also  called  Pyroracemic  acid,  is  produced  by  dry 
distillation  of  racemic  or  tartaric  acid: 


C,H.O.    =    CjH^O,    +    CO^    -f     OH 


Y 
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It  U  a  Hqtii^l^  btiiling.  with  pnt'tiul  decomposition,  ikt  about  IfiS**  C  {Z2^  \ 
Treiitetl  with  niOiliuui  aintftlgum,  or  hydriodic  iicWI,  it  takes  Op  t«o  ktoinf  ^ 
hydrog^cn,  fttid  ii*  convcrtetl  inlo  lactic  acid,  i',H^(L.  or  if  the  r<«ifcgeiit  il* 
u««d  in  Urge  excess,  itilo  propionic  acid,  CglJ^U^  It  ako  unilca  tfireetlj 
with  bromine,  forming  the  acid,  C|H^BrgO^  probftblj  dibroaolactie  ftcid 
Its  siklls  crjatallixe  readily. 

ConvolToliaoteie  /-etd  anil  Jalapinoleic  Add,  arc  produeed  by  the  mctlai 
of  at^idit  or  ulkaltes  from  certain  rtfsirifm.'*  glucosides  contained  in  ibr  rotJ* 
of  lubero9«  or  officinal  jalap  iUom^filrultu  Schtethnut)^  and  of  Conval^^im 
(or  Ijmmifti)  oHzahenjnJi,  iht  jalftp-»falk»  or  jalap-wood  of  eommeree;  but 
tbeir  fot-mulus  baTG  not  been  exactly  delermiDcd. 

BicimoleU  Acid,  C^H^Oj,  h  a  yellow  oily  acid,  produced  by  t^--  — -  --^rl- 
cation  of  CJi»tor-oil.     At  H'mpcratureM  between  — ^i^  and  — 7'^  V^  i, 

it  eoUdificeto  a  gniuitlar  maBH,     The  neutral  ricioolcatea  of  the  u  ib 

when  distilled  alone  yield  a  iligitillate  of  oetianiihol;  but  wben  distilled  iritk 
cxcesif  q{  ciiVL^iic  alkali,  they  give  off  hydrogen,  and  yield  a  dislillatv  of 
octyl  alcohol,  CgHi^Oi  and  a  residue  of  alkaline  sebatc,  C,|»U,gE,0^  (p.  My 


The  only  known  aeid  of  (his  series  is  ffumadc  aeid,  C^H^O^  which  ua 
cry Btull livable  subsLauce  contained  in  guaiacum,  a  resin  obtaLned  from  (?«it> 
licum  otfirinitU^  a  troe  growing  in  Jnmaira.  It  sublimes  in  needJeg  rests* 
bling  hen»oio  acid,  and  is  resolved  by  dry  distillation  into  carbon  dioxide 
and  guaiocene^  C^ U^O. 


4.— flerleiCoHftH^y 

This  series  inehideB  the  following  acids,  related  to  the  aromatic  i 
tbo  aame  manner  as  the  lactic  aeida  are  related  to  the  fatty  acida: 


Oxyhenzoic.  Para-oiybcnioic,  and  Salicylic  acids   . 
Formobenioic,  Creosolicj  Carhocresylic,  and  Anisic  acids 
Phloretic  acid   ........* 

Thymoiic  and  Thymyl'Oarbonic  acids       ,  ,         .         « 


Oxybenfoic  Acid,  f^.n^O,,  or  r^H/OH).  CO,H,  is  produced  by  tbe  acUw 
of  nitrons  acid  on  amidobenxoic  acid : 


rjf^fNII^KCOJi 
AinidiibeniotG  acid. 


+  KO(OH)  =  c^n^(on).co,H  +  oh,  -\-  k, 

Oxy-benzoic  aeid. 


I 

b 


Oxybcnzoic  aeid  in  only  slightly  soluble  in  cold  water  or  alcohol,  but  dis^ 
salves  easily  in  either  of  these  liquids  at   the  boiling  heat,  arj  f  .     t.-j 

m»  a  crystalline  powder  on  cooling.     Ai  higher  lemperiiture^  nl 

sublimed  without  decomposition,  a  ehntacter  by  which  it  ih  di  .,.^..  ..vd 
from  i(»  two  isomers.  With  Mrong  nitric  aci't  it  forms  nitro-oiyt>cntoic 
acid,  C7Hn(N0j)O,,  tvhieh  ift  converted  by  ammonium  sulphide  into  anud* 
oiybenioic  acid,  c^H^lNHj)!?^. 

Fara-cxybentoU  Acid  in  produced  by  heating  anisic  acid  to  V1^°~\W 
with  strong  Uydriodic  acvd*. 


m 


CAS.Jl        ^        ^^^, 


SALICYLIC   ACID. 


Tl  \»  more  aoluble  in  cuhl  wuter  than  osjbi'Dzoio  acid,  difi^olviitg  in  12<i^ 
I>»iri3  of  water  ut  ]o*^:  from  u  liof  sohitiini  Jl  cry»hilliies  ju  (imtill  distincst'l 
moriodmic    prisms*       It    melts    witli    purtiul   UrtjoiiitiumLioti    at    21<i°    O.tj 
(410^  F,),  and  is  easily  resolved  at  higher  iemperaiiire»  into  cjii-bon  di^f 
oxide  and  phenol: 

C,HA        =        CO,        +        C.11,0.  n 

lU  solution  forms,  with  ferric  chloride,  a  yellow  precipiiat©  insoluble  ia 
excess,  without  Ttolerit  coloration.  These  characters  die*tingtii8h  it  froiiL-il 
oxybenioio  ftcid.  With  most  uietals  it  reacts  like  a  monobasic  acid,  ita 
potasHinm-salt  containing  C^H^O'gK,  and  itM  cadmium-salt  {C\Ugi}f}jCd'^*, 
bui  it  appears  also^  like  sahcyHo  acid,  to  form  a  barium-sali  coutuitiing 
C,H,B»"0,. 

Balitflio  Add  h  produced:  L  By  passing  carbon  dioxide  into  phenol 
containing  small  pieces  of  sodium ; 

N.iOC,H,        4-        CO,        =        (CO)"{SNa"* 
Sodium  phenatc.  Sodium  sulicykio. 

2.  From  ealicylol^  C^lI^Oj^  hj  oxidation  with  aqueous  chromic  acid^  or  by 
melting  ealicyloL  or  salieiu  with  potajij^ium  hydratCf  iu  which  case  hydro- 
gen is  eTolTcd: 

C,n,,0,        -I-         KOH         =         C^HjO^K        +         H,. 
Salicylol.  Potassium 

salicylttlG. 

8.  Cou marie  aoid»  heated  with  potassium  hydrate,  yields  potassium  sali- 
cylate and  acetate : 

c,n,03   +   2Kon   =  c,H,o,K   +   c,Tr,o,K   ^   h^ 

4,  Oil  of  wiatergreen  {Gaulthrna  procumbervK)^  which  consists  of  methyl- 
ealicylie  acid,  is  resolved,  by  diutillutiou  with  poiafih,  into  meibyl  alcohol 
and  salicylic  acid : 

C,ll5(Cn,;0,    +     KOH     =     CHJOH)     -f     C,nj,KOj, 

Salicylic  acid  crystalHjsPs  from  its  alcoholic  solution  by  ttpontaneous  eva-j 
poration  in  large  mtiooelinic  prisms.  It  requires  ribtnit  KMK)  psirta  of  cnld 
water  to  dissolve  it,  but  is  much  more  soluble  in  hot  water  and  in  alcohol. 
lt«!  aqueoui^  Koliitioti  imparls  a  dec^p  violet  color  to  ferric  fialts.  It  melis  at 
13tl'°  C.  (2tjii°  F. ),  gives  otT  phenol  at  a  higher  *ofiipertt(ure,  and  when 
bnatcd  with  pounded  glass  or  t|uicklime,  is  oompletuly  resolved  into  carbou 
dioxide  ami  phenuL  It  is  distluguiflhed  from  both  it-a  isomers  by  ita  beha* 
vior  with  ferric  salts,  its  very  s*liglit  solubility  tu  water*  and  its  lower^ 
melting  point:  it  differs  from  oxy benzoic  acid  by  its  behavior  when 
heated. 

In  its  relations  to  metals,  salicylic  acid  appears  to  be  intermediate  be- 
tween monobasic  and  bibastc  acids.  With  the  alkali-metals  and  silver,  it 
forms  only  acid  salts  like  C^Il-KOji;  but  with  dyad  metals  it  forms  both 
acid  and  neutral  salts;  vvitli  calcium,  tm  example,  Ihc  two  salts,  C\ll^Ca"0, - 
and  Cj4H,oCa'''Oj,  or  (C^Hgti^ijCa'^  The  neutral  salts  are,  however,  much  < 
less  easily  formed  tlian  the  aaid  salts,  being  produced  only  in  presence  of 
a  large  excess  of  base.  Its  formotion  from  carbon  dioxide  and  phenol 
seems  to  show  that  it  mwy  be  regarded  asi  acid  phenyl  carbonate,  ^CO)'^ 
(O0jIIj){(HIk  and  in  the  neutral  salicylates  of  bivalent  metals,  such  as 
Cyll/^a'^Oj,  the  metnl  appears  to  replace  one  atom  of  hydrogen  from  tho 
group  OH,  and  another  from  the  group  OC^lf  j  * 

•  Piria,  Ana.  Cli.  Pharm,  xcUl.  MO. 
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BalicjHo  acid  forms  boib  ncid  and  neutr&l  ethers.  Oil  of  wintcrgreen. 
ae  iilromJy  ob9«r^-ed.  coh^UIh  of  luetbyl-salicjlic  •ciJ,  C\Hj(CH,lOg  A 
mmilar  cotiipoutid,  contaitiiiig  etbjl,  is  obtAinod  by  dtBtJlUng  crjfiUlltted 
Biiliojlio  acid  with  alcohol  and  mlphuric  acid  These  eompounds  arc  moDO* 
bamc  acids,  the  baaiu  hjdrogen  of  which  may  be  replaced  by  metals  ©r  bj 
alcoholic-radicals,  forniiii|r  ueurral  salicylic  ethera,  such  %»  r<jH^(rH,)jO,^ 
C,H^(CIJ,)^C^nj)Og,  &c.  There  ia  also  an  ethene-salicylic  acid*  t  ,.0,^ 
Ryi^)'''U(,  cotisisiing  of  a  double  molecule  of  salicylic  acid  with  two  hy* 
arogi^n-fitoma  replaced  by  ethenc ;  it  is  produced  by  heating  ethcne-bromide 
wiih  8ilrcr  salicylate. 

Carbocreajlio  and  Cretotic  Aoidt,*  C(H,0,.  —  The  sodiiiin-tiilta  of  theae 
ftcids  are  tormod  simultaneously  by  the  action  of  carbon  dioxide  and  »udi- 
um  on  cresoK  C\HgO.  On  treating  the  product  with  Lydrocliioric  aciii^  iLb 
earbocresylic  acid  is  resolred  into  carbonic  dioxide  and  cresol^while  the  ere- 
eotic  acid  remains  un decomposed,  and  may  be  washed  out  with  amjuonium 
earbonaie;  the  solution,  on  evaporation^  yielding  the  cresotio  acid  in  &ne 
large  prisms  which  melt  at  163'*  C.  (307*'  F.),  are  slighlly  soluble  in  waler, 
easily  in  alcohol  and  ether.  Il  forms  a  deep  violet  color  with  ferric  ehio* 
ride.  When  healed  with  cauaio  baryta,  it  is  resolved  into  carbon  dioxide 
and  cresol.  With  regard  to  their  eomparative  facility  of  decomfM>si<ion, 
carbtvcresylic  and  cre^otic  acids  appear  to  be  related  to  one  anotherp  in  the 
same  manner  as  salicylic  and  oxybenzoic  acids. 

Farmobeniaie  Acid,  Cgll^Oj,  is  produced  by  evaporating  crude  bitler- 
alrnotid  oil  to  dryness  with  hydrochloric  acid,  and  exhausting  the  refiidue 
with  ether,  which  leaves  sal-ammoniac  undissolved.  It  contains  the  ele< 
ments  of  benioie  acid,  C,H^Oj,  and  formic  acid,  Cn,0,t  minus  an  atom  of 
oxygen;  uud  its  formation  appears  to  be  due  to  the  action  of  the  hydro- 
chloric acid  on  llie  hydrocyanic  acid  of  the  crude  bitlcr-utmou*!  oil,  where- 
by that  acid  in  resolved  into  ammonia  and  formic  acid.  Formobenxoie  acid 
forma  white  crystals  soluble  in  water.  It  is  resolved  by  oxidiiing  agenki 
into  bitter-almond  oil  (C^HrrO),  and  carbon  dioxide* 

Anisie  Aeid,  C^H^O,.  or  Methyl-paraoxybenioic  acid.  riTj(  CHs}0,.  —  Thii 
acid  is  produced  by  oxidation  ©f  aniiaic  aldehyde,  CgHgO^  in  coniACt  with 
platinum  black,  or  by  treatment  with  dilute  nitric  acid  ^strong  nitric  acid 
would  convert  it  into  nitranisic  acid) ;  also  by  dropping  anisic  aldehyde 
into  fused  potash: 

CiH,0,        -f        KOII        ^        C,n;KO,        +        H,. 

It  is  usually  prepar^sd  by  oxidiaing  anise-camphor,  C,oH|,0,  or  tho  crude 

oils  of  anise,  fennel,  and  tarragon,  which  contain  thai  compound  in  sedi- 
tion, with  nitric  acid.  Anisic  aldehyde  is  first  produced,  according  to  Um 
equation: 

C,oHi,0      +      o,    ^    C^nfi,     +      C,IIA      +      OB, 
Anise-  Anisic  Oxalic 

camphor.  aldehyde.  acid. 

and  subdcquently  oxidized  to  anisic  acid.  It  may  also  be  produced  syn- 
thetically by  treating  potassium  para-oxybenxoate  with  methjl  iodide, 
whereby  the  methyllG  ether  of  metbyl-paraoxy benzoic  acid  is  produced: 

C,ir^K,0,      -f       2CH^    =    2KI       +       t\H,(CH,in,.CH^ 
PotH*«sium  Met  hylic 

para-oxy  benioale.  mothyl-paraoxy  bcntoal^. 

*  Koihe  atkd  Iiiautirma«m«  Km^.  ^3ipu  VWim.  *x<i .  "VK^ 
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And  boiling  this  compound  with  potash : 

C,H.(CH3)0,.CH,    4-    OH,    =    CH,(OH)    -f    CtHj(CH,)0, 
Metnylic  methyl-  Methyl  Methyl-para* 

paraozybenzoate.  alcohol.  benzoic  acid. 

Ethyl-parabenzoic  acid,  CyHs(C2H3)09,  may  be  produced  in  a  preqisely 
similar  manner. 

Anisic  acid  crystallizes  in  brilliant  colorless  prisms  melting  at  176^  C. 
(847®  F.),  moderately  soluble  in  hot  water,  easily  in  alcohol  and  ether.  It 
yields  substitution-products  with  chlorine,  bromine,  and  nitric  acid.  By 
distillation  with  lime  or  baryta  it  is  resolved  in  carbon  dioxide  and  anf- 
8ol  or  methyl-phenol  (p.  651) : 

CgHgO,  =  CO,         +  CyHgO,. 

Anisic  acid  is  monobasic,  and  most  of  its  salts  are  crystallizable. 

Fhloretic  Add,  C^UjoO,,  is  produced,  together  with  phloroglucin,  by  the 
action  of  potash  on  phloretin,  a  substance  resulting  from  the  action  of  di- 
lute acids  on  phlorizin  (p.  681) : 

C.,H,A        +        OH,        =        C,H„0,        +        C,H,0, 

Phloretin.  Phloretie  Phloro- 

acid.  gluoin. 

It  forms  prismatic  crystals  melting  at  about  129^0.  (264^  P.),  somewhat 
less  soluble  in  water  than  in  alcohol ;  produces  a  green  color  with  ferric 
chloride.     When  heated  with  lime  or  baryta,  it  is  resolved  into  carbon  di- 
oxide Andphlorolf  0,II,oO,  which  passes  over  as  a  brown  oily  distillate : 
CjHioO,        +        BaO        =        COgBa        -\-        CgHjpO. 
Phloretie  acid  is  bibasic,  forming  add  and  neutral  salts. 

Another  acid  containing  C^HipO,  is  formed  by  the  action  of  potash  on  the 
cyano-hydrate  or  cyanhydrin  of  anisic  alcohol,  CgUj^O,: 

CgH^CCNXOH)        +        20H,        =        NH,        +        C.H,.Og 

Anisic  Acid, 

cyanhydrin. 

Thymotic  and  Tbymyl-carbonic  Acids,  CnHj^O,. — These  isomeric  acids 
are  produced  simultaneously  by  the  action  of  sodium  and  carbon  dioxide 
on  thymoljCjoHi^O  (p.  654) ;  and  are  separated  in  the  same  manner  as  the 
homologous  compounds,  cresyl-carbonic  and  cresotic  acids.  Thymotic  acid 
is  a  crystalline  body,  melting  at  120^,  nearly  insoluble  in  cold,  slightly 
soluble  in  boiling  water ;  it  produces  a  fine  blue  color  with  ferric  chloride. 
Heated  with  baryta,  it  is  resolved  into  carbon  dioxide  and  thymol. 


5.  —Series  C«  H,n_,^Og. 


Conmario  Acid,  C.H,0,.  the  only  known  acid  of  this  series,  is  produced 
by  the  action  of  boiling  potash  solution  on  coumarin,  C,H^O,,  the  odorifer- 
ous principle  of  the  Tonka  bean.  It  crystallizes  in  laminss,  having  a  bitter 
taste,  soluble  in  water,  alcohol,  and  ether,  melting  at  190°  C.  (874®  F.). 
Fused  with  potash,  it  gives  off  hydrogen,  and  yields  potassium  salicylate 
and  apparently  also  acetate : 

CsHgO,    -f-     2K0H    =    C^H.KO,    +    C,H,KO,    +  •  H,. 
It  is  monobasic,  and  decomposes  carbonates. 

There  are  no  known  acids  belonging  to  the  seTiea  C,^^_YP^wA^^.e^-^ v 
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6.— BoriMCH^i^O^ 

Beniilio  Aeid,  Cj^Tf  j^O,.  —  This  acid  is  produeed  by  the  action  of  aleoholie 
potu.sh  on  benzoin,  Cifllj^O,.  a  polymeric  modification  of  benioic  aldehyde, 
C\llg<.)y  which  remains  in  the  retort  when  the  erode  oil  is  distilled  with 
lime  or  iron-oxide  to  free  it  from  hydrocyanic  acid ;  or  on  beniile,  C14H11O,, 
a  crystalline  substance  formed  from  benzoin  by  the  action  of  chlorine.  On. 
(laturating  the  alkaline  solution  with  hydrochloric  acid,  and  leaTing  the 
filtered  liquid  to  cool,  bcnzilic  acid  separatee  in  small  colorless  transparent 
crystals,  slightly  soluble  in  cold,  more  soluble  in  boiling  water;  it  melts 
at*  rJl)^  C.  (248°  F.),  and  cannot  be  Tolatiliicd  without  decomposition.  U 
dissolres  in  cold  strong  sulphuric  acid  with  fine  carmine  color. 


DIATOMIC  AND  BIBASIO  A0ID8. 

These  acids  contain  the  group  oxatyl,  CO,H,  twice,  and  mast  therefore 
c\uii«in  four  atoms  of  oxygen.  They  may  all  be  included  in  the  general 
formula.  If  (Cl),H)y — U  denoting  a  diatomic  hydrocarbon-radicid, — or 
th^y  may  be  regarded  as  compounds  of  oxygenated  radicals  with  two  eqni- 
xalt'nt*  of  hydroxyU  e.  g.^  succinic  acid  as  (C'^H.O,)^^  (OII)^ 

Th^'v  art*  pntducod :  —  1.  By  oxidation  of  the  corresponding  glycols, 
K"irH,Oin,.  the  change  consisting  in  the  substitution  of  O,  for  H.  (p.  557). 
lu  tlii*  mauuor  oxalic  acid,  <\H2<>4.  is  formed  from  ethene  alcoliol.  0,11,0,, 
ami  maloiiic  acid.  *  |11/V  1^^^*"  propene  alcohol,  CfllgO,;  but  the  higher 
gUooN  split  up  under  the  intluoncc  of  oxidizing  agents,  and  do  not  yield 
bibjft^ic  acids  containing  the  same  number  of  carbon-atoms  as  themselves. 

U.  Uy  boiling  the  cyanides  of  diatomic  alcohol-radicals  with  alcoholic 
potash  ;  ^.  y.  .* 

.C,ll,r\rN),    +    2K0II    +    2011,   =    2NH,    +    (C,!r,)''(rO,K), 
rropono  Potassium 

cyanide.  pyrotartraie. 

This  reaction  is  analogous  to  that  by  which  the  fatty  acids  arc  formed 
from  the  cvanidcs  of  the  monatomic  nlcohol-radiculs.  CnH-n-i-,  (p.  o!U»). 

o.  \\\  the  addition  of  hydrogen  to  other  aciils  containing  a  smaller  pro- 
pv»rtion  of  that  element  :  in  this  manner  succinic  acid,  C^H^O^,  is  formed 
from  fuuiaric  acid.  t^ll^O^. 

4.  \\y  the  action  of  heat  on  acids  of  more  complicated  structure ;  e.  g, : 

2C\H«0,      =      3C0,      -f      20H,     -f     CjIl^O^ 
Tartaric  Pyrotar- 

acid.  taric  acid. 

5.  Many  of  these  acids  are  produced  by  the  action  of  powerful  oxidizers 
on  a  variety  of  organic  bodies:  thus,  succinic  acid,  1*411,04.  and  its  homo- 
logues,  are  proiluced  by  treating  various  fatty  and  resinous  bodies  with 
nitric  acid. 

The  known  acids  of  this  group  belong  to  the  series  CnHan_|04.  CBlIa,_404, 
Onll-p-^O^.  and  Cnlltn-i'-^^  Tlie  acids  of  the  (irst  series,  and  jirobably  also 
those  of  the  third  and  fourth,  are  satutateil  compounds;  but  those  of  the 
second  are  unsaturated,  being  capable  of  taking  up  two  atoms  of  hydrogen, 
bnmiine.  and  other  monad  elements,  whereby  they  are  converted  into  acids 
ofthv  6rst  series. 
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(C,0i)'^(0n)3.  — Thia  miport^at  acid 


i 


1.  — Oxalic  or  Buocimc  Soriei,  C^^t^^^^. 

The  known  acids  of  iliia  scriea  are : 

Oxalic  ftciil        .  .  C^tHjO^  Fimclic  acid    . 

Malonic  acid     .  .  OjH/)^  Suberie  acid   ♦ 

Suooinic  acid     ,  .  t^t'le^i  Ancboic  acid  . 

PyroUirtario  a<jid  .  C'^il/J*  ^fbic  acid 

Adipic  acid       .  .  C^H  j^O^  Koccellic  acid 

coon 

Oxfllio  Acid,  CjUfl^  =   I 

COOH 

exists  ready  formed  in  many  iilanta  as  a  potassium  or  calcium -Bali,  and  la 
pnidticed  by  the  oiidation  of  a  great  vari«ly  uf  organie  cuinpomid».  In 
flomo  cases  the  reaction  consista  in  u  ijefinitc  iiubslituiion  of  oxygen  fur  hy- 
drogen;  thus  oxalic  acid  is  foniied  from  erhvno  jilcobolj  O^li^Oj^  l»y  Bub- 
stiiutioQ  of  O,  for  11^,  and  from  ctbyl  alcohol,  C,HjO,  by  the  same  ayhslitn* 
tion  and  furtner  addition  of  one  atom  of  oxygen.  Hut  in  mo«t  cases  the 
reticiiou  is  more  complex,  consisting  jii  h  eoitjpletc  breaking  np  of  the  mole- 
cule. In  this  manner  oxalic  acid  i«  prodiici^d  in  great  abundance  from 
more  highly  carbonixed  organic  subsianccH,  »uch  a8  siigiir,  starch,  cellulutjc, 
&c.,  by  the  action  of  nitric  acid^  or  by  fuHion  with  cau^ilic  alkalies. 

Oxalic  acid  id  aX^Q  produced:  a.  Ah  a  sodium  or  potassium-aaU  bj  direct 
cotubinaiioQ  of  the  alkaU-nttttal  with  carbon  dioxide; 

2C0,        +        Na,        =        CjO^Na^ 

The  soiHum-saU  is  obtained  by  pasfing  the  carbon  dioxide  over  a  heated 
mixture  of  sodium  and  aand;  the  pot4iSsium-salt,  hy  heating  poiai^sium 
amatgam  in  the  gas,* 

B.  As  an  ammuniiim-salt^  together  with  other  products,  in  the  decompo* 
sition  of  cyanogen  by  water: 

C,N,        +        40H,        =        C,(NH.),0, 

y.  As  a  potassium-ftall  by  heating  potassium  formate  with  exocsfi  of  pot* 
Ask: 

2CHK0^        =        C,Kp^        -f        Hy 
Freparaiion. — 1.  By  the  oxidation  of  sugar  with  nitric  acid: 

C„II,/)„        +        0„        =        eC,H,0«        +        60Hr 

One  part  of  sugar  ia  gently  healed  in  a  retort  with  5  parts  of  nitric  acid 
of  8p<  gr.  l'4*J,  dibtled  with  twice  ita  weight  of  water;  copious  red  fumes 
mre  then  disengsiged,  and  the  oxidution  of  the  sugar  proceeds  wiih  violence 
And  rapidity.  When  the  action  slackens,  heat  may  he  again  applied  to  the 
▼essel,  and  the  liquid  concentrated,  by  distilling  off  the  supertluouH  nitric 
ACtd,  until  it  deposits  cryntals?  on  cooling.  These  are  drained,  redissolved 
in  a  small  quantity  of  hot  water,  and  the  solution  is  set  aside  to  cooL 

2.   By  heating  sawdust  wilb  caiiMlic  alkali. 

Many  years  ago,  Oay-Lu8.^ae  ohaerved  that  wood  and  several  other  or- 
^anie  substances  were  converted  inio  oxalic  acid  hy  fusion  Avilli  cautitic 
potash,  Messrs  Itoberts,  Dale  >fc  To.  have  liitely  founded  upon  this  obaor- 
ration  a  new  method  for  the  preparation  of  oxalic  acid,  which  ftirnishea 
this  acid  much  cheiiper  than  any  otlicr  prnces*.'?.  A  mixed  solution  of  the 
hydrates  of  b«h1u»ui  and  potassium  in  the  proportion  of  two  equivalents  of 
the  former  to  one  of  the  latter,  is  wapornled  to  about  l-3f>  sp.  gr*  and  th<itt. 
mixed  with  sawdust,  so  as  to  form  a  tliick  pnvte,  vrV\tt\\  \%  ^\iui^4.  \u  ^^i^a^ 

•JSoibemud  Drtckttl,  Cliero,  8oc.  Jomrtial  tiV ^V. \^. 
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layers  on  iron  plates.  The  mixture  is  now  gradaallj  heated,  care  being 
taken  to  keep  it  constantly  stirred.  The  action  of  heat  expels  a  quantitv 
of  water,  and  the  muss  intumesces  strongly,  wiih  disengagement  of  much 
inflnmnmble  gas,  consisting  of  hydrogen  and  carbonetted  hydrogen.  The 
mixture  is  now  kept  for  some  hours  at  a  temperature  of  204**  C.  (400*  P.), 
care  being  taken  to  avoid  charring,  which  would  caose  a  loss  of  oxalie 
acid.  The  product  thus  obtained  is  a  gray  powder ;  it  is  now  treated  with 
water  at  about  15-5°  C.  ((H)°  F.),  which  leases  the  sodium  oxalate  undis- 
solved. The  supernatant  liquid  is  drawn  off,  evaporated  to  dfynesa,  and 
heated  in  furnaces  to  recover  the  alkalies,  which  are  caustified  and  used 
fur  a  new  operation.  The  sodium  oxalate  is  washed  and  decomposed  by 
boiling  with  slaked  lime,  and  the  resulting  calcium  oxalate  is  again  decom- 
posed by  means  of  sulphuric  acid.  The  liquid  decanted  from  the  calcium 
sulphate  is  evaporateii  to  crystallization  in  leaden  Tcssels,  and  the  crystab 
are  purified  by  re-crystallization. 

Oxalic  acid  separates  from  a  hot  solution  in  colorless,  transparent  crys- 
tals derived  from  an  obli(iue  rhombic  prism,  and  consisting  of  CJdfi^. 
20\\^  The  two  molecules  of  crystallization- water  may  be  expelled  by  a 
very  gentle  lieat,  the  crystals  crumbling  down  to  a  soft  white  powder»  con- 
sisting of  anhydrous  oxalic  acid,  C,H,04,  which  may  bo  sublimed  in  great 
measure  without  decomposition.  Tlie  crystallized  acid,  on  the  contrary,  it 
decomposed  by  a  high  temperature  into  formic  acid,  carbon  monoxide  and 
carbon  dioxide,  witliout  leaving  any  solid  residue: 

2(\H,<)4    a     CH,0,    4-    CO    +    2C0,    +    OH, 

The  crystals  of  oxalic  acid  dissolve  in  8  parts  of  water  at  15-5°,  and  in 
thiMr  own  weight,  or  lo^^s,  of  hot  water:  they  are  also  soluble  in  spirit. 
The  ai|Uoous  solution  has  an  intensely  sour  taste  and  most  powerful  acid 
reaction,  and  is  highly  ]»oisonous.  The  proper  antidote  is  chalk  or  magne- 
sia. Dxalic  aoiti  is  decomposed  by  hot  oil  of  vitriol  into  a  mixture  of  car- 
bon monoxide  and  carl>on  dioxide  :  it  is  slowly  converted  into  carbonic 
aoid  t»y  nitric  acid,  whence  arises  a  considertible  loss  in  the  process  of 
niaiiufaiMure  fnuii  sugar.  The  dioxides  of  lend  an<l  manganese  effect  the 
same  change,  becoming  reduced  to  monoxides,  which  form  salts  with  the 
unaltered  acid. 

Oxaftttrs. — Oxalic  acid,  like  other  bibasic  acids,  forms  with  monntoniic 
metals,  neutral  or  normal  salts  containing  CjM^O^.  and  acid  salts,  C,nMt.\. 
>Yilh  potassium  ami  aiinnonium  it  likewise  forms  hyper-acid  salts,  e.  y.. 
TjUKO^.  tVJIjO^.  or  (\l!,KO-.  "With  mo.<t  diatomic  metals  it  forms  only 
neutral  salf.s,  t'jM"()^:  with  narium  and  strontium,  however,  it  forms  acid 
salts  analogous  to  the  hyper-acid  oxalates  of  the  alkali-metals.  It  also 
forms  numerous  well-crystnllizcd  double  salts.  It  is  one  of  the  strongest 
acids,  decomposing  dry  sodium  chloride  when  heated,  with  evolution  of 
hyilrochloric  acid,  and  converting  sodium  chloride  or  nitrate  in  aqueous 
solution  into  acid  oxalate. 

The  oxalates  of  the  alkali-metals  are  soluble  in  water:  the  rest  are  for 
the  most  part  insolu)>le  in  water,  but  soluble  in  dilute  acids. 

All  oxalates  ore  decomposed  by  heat.  The  oxalates  of  the  alkali-metals, 
and  also  of  the  alkaline  earth-metals,  if  not  too  strongly  heated,  give  off 
carbon  monoxide  and  leave  carbonates,  while  the  oxalates  of  those  metals 
whoj*e  carbonates  arc  deconiposeil  by  heat  (zinc  and  magnesium,  for  ex- 
ample) give  off  carbon  monoxide  and  carbon  dioxide,  and  leave  metallic 
oxides.  The  oxalates  of  tlie  more  easily  reducible  metals  (silver,  copper. 
kc.)  give  off  Carlton  ilioxide  and  leave  the  metal:  the  lead-salt  leaves  sub- 
oxide of  lead,  and  gives  off  3  volumes  of  carbon  dioxide  to  1  volume  of  car- 
bon  juonoxide : 
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Oxalates  heale«I  with  nulphurie  acid  give  off  carbon  monoiidc  ami  dioiiile» 
aufl  leuve  a  resMlne  of  .sulpliate.  In  lliis  ciiact  ns  well  as  in  tbe  decompo* 
sition  by  hent  alone,  no  ^f.'puratiou  uf  carbon  luki's  place,  atid  eoii.st'quLUtlj 
the  residue  due.'^  not  bluekeu :  tliia  cliaracter  dimiugnisliea  ihe  oxalalca 
from  lLp  suits  of  ull  olber  carbon  acids. 

Oxalic  aoid  and  ilie  soluble  oxalale»  give  with  calcium  chloridt'  a  prt*cipi- 
txilo  of  L-alcinm  oxalate,  itie^olobk  in  water  aticl  lu  aeetie  ucid,  bnt  iioluble 
in  hydrocldoric  and  iiilric  acid.  This  reaction  affordf  a  very  delicate  te^t 
fnY  the  presence  of  oxalic  acid:  the  inMoIubllily  of  the  precipitated  oxalate 
in  acetic  aoid  diatiuguisbes  it  at  once  fi*oni  the  phosphate. 

PoTASsriTM  Oxalates. — The  nmtral  »alt,  C^KjO^  .  2  Aq,,  prepared  by  nen- 
Iralizing  oxalic  acid  with  potussiiini  carbonait%  cryBtallJRes  in  Iranhpiiirent 
rhombic  prisms*^  which  become  opnijue  and  aDijydrons  by  heatp  and  dL^solT& 
in  ^  parts  of  water. — TJie  tiriti  oxniatf  or  bmoTifhftf^  r.jHKO^  ,  2  A(|.,  !<om«* 
tiniea  called  »tilt  o/nornt,  tVou*  its  tuccurrenee  in  lliat  plnrit,  is  ftmnd  also 
in  other  appcies  oi'  HttmfXf  in  Oxului  acetogdin,  iind  in  giirdc-n  rhiibiitb,  a8* 
Booiated  with  malic  acid.  It  is  easily  prepared  by  dividing  a  solar  ion  of 
oxalic  acid  m  Ii^nt  wiiter  into  two  equal  portioris,  neutralizing  oni'  with  po* 
taitainm  ciirbcinalo,  anti  adding  the  otiier:  the  baU  orystatlixes,  on  cooling, 
in  colorless  rliatnbic  prisms!^.  The  crystals  have  a  «onr  taste,  and  require 
40  parts  of  cold,  and  tt  of  boiling  water  for  solution.  A  solution  of  this  suit 
is  otton  U'*ed  for  removing  ink  frorn  paper.  The  ht(pcr-aad  oialatr  or  quad* 
roralaff^  C^IIKt)^ .  I'jHJ*^ .  2  Aq..  is  prepared  by  a  process  einiilar  in  prin- 
ciple lo  tbnt  liayt  described.  The  crystals  are  modified  octwhedruns.  and 
are  lesa  soluble  than  those  of  the  binoxalato,  which  the  salt  in  other  re- 
ipeMs  resembles. 

Stadium  otatale\  CjNa.jt>^»  has  but  Utile  goluliilily ;  a  binorxalatt  exists. 

A*l»oNiim  OXAtATrs, — The  muirtil  mli,  C^{]^\\^)fi^.  2  Aq.,  in  prepared 
by  neuiralining  a  hot  t<olntion  of  oxalic  acid  with  anjnioniuni  carbonate.  It 
cryalallixei^  in  long,  colorle?.^,  rhombic  prisms,  which  ef!lore.'«ce  in  dry  air 
from  loss  of  water  of  crystallixation.  They  are  not  very  soluble  in  cold 
water,  but  dissolve  freely  by  the  aid  of  heat. 

The  dry  salt  when  heated  ia  a  retort  givea  off  water,  and  yields  a  subli* 
mate  of  oxamidc :  * 

(C,O,)"(0NH,1,    =    20H,    +    (CA)"(Nn,)r 
Amiiiunium  uiialate.  Oxamide. 

Wlicn  distilled  with  phosphoric  oxide,  it  gives  np  four  molecylcs  of  Trater 
and  yields  u  considerable  quantity  of  o/awoyt'rK  OslNH^^iO^  —  4011,  ss  2CN. 
Other  product:*  are»  however*  formed  at  the  same  time 

Acid  ammttninm  oxalalr,  QV  hinnxnUiU^  Q  .^\\{S\\  ^)^ .  .  Aq.,  is  stillless  soluble 
than  fhe  neutral  naU.  When  heated  in  an  oil- bath  to  2fS2'*  C.  (450^  F.).  it 
loses  one  molecule  of  wnter,  and  yields  ozamie  actd,  0,11^X0^.  or  (C,U,)'' 
(On)(NHj)-   other  products  are,  however,  formed  at  the  same  time. 

CALOtiTM  OxAKATK,  Cfii'^O^ .  4  Aq,,  i?  formcd  whenever  oxjilre  acid  or  an 
oxalate  is  added  to  a  soluble  ealcium-siilt  ;  it  falls  tis  a  white  powder,  which 
acquires  den*fity  by  boiling,  and  is  but  little  soluble  in  dilute  hydrocldoric, 
and  quite  insoluble  in  acotic  acid.  Nitric  acid  difssolves  it  easily.  When 
dried  nt  tOO^  ii  retains  a  nndeeule  of  wafer,  which  may  be  driven  off  by  a 
rather  higli^T  tenipernture.  Exposed  to  a  red  beat  in  a  close  vessel,  it  is 
converted  into  calcium  cnrbonate,  with  escape  of  carbon  monoxide 

The  oxalates  of  bur  mm,  tinr,  mangnnext,  copper,  nkkd,  ct>hnft^  and  ferrous 
oznUile,  are  nearly  in»(oluble  in  water:  mmjnesiHm  omttite  is  gpanngly  solu- 
ble;/errw  Qzalalt  is  freely  soluble,-^PaM»*fo-eAromit  o^alatt^  ^fi^^x»»' 

^Bvm  the  chiLptor  ou  JtmidM* 
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K, .  3  Aq.,  prepared  by  diFSolTing  iu  hot  waeer  I  part  of  potii«<Mum  bidJrt- 

mute,  2  parU  uf  potai^HUjm  hiuuxuljite,  nnd  "I  parts  of  cr^)«li^Uiir«d  oxwWe 

acid,  is  oue  of  the  most  bcuutiful  fjilta  knoivn.     The  crv»luU  api" 

hy  retlcoted  light  from  the  intensity  of   thoir  color,  which  in  y 

blue  :   ibt-y  are  very  soluble.     A  corrtspouding  pot  a  gnu-ferric  r/^..M*,r   u*? 

been  formed :  it  cryBtalUied  freely,  and  has  a  beautiful  green  color. 

Etuyl  Oxalates. — The  neutral  axal^itt,  or  Oialic  c/'  '^  ^  "  '\  .  ii 
most  ciLiily  obtained  by  dis^tilliiig  together  4  parts  of  pi>(  ,tc, 

6  parts  uf  oil  of  Titrtu],  and  4  part»  of  strong  ak^ohol.     T;.«  ..  miy 

be  pushed  nearly  to  dryness,  and  the  receiver  kept  wami  i«  xttj 

ordinary  ether  that  may  be  formed.     The  product  i*  mixed  v,  r  hj 

which  the  oxalic  ether  is  separated  from  the  ti ndee on i posed  wpJTh:  it  ii 
i-epentedly  washed  to  remove  adhering  acid,  atid  re-distilled  in  a  small fe- 
turt,  I  ho  first  portion  bGi.ng  received  apart  and  rejected.  Another  lefj" 
eioiple  process  consii*ts  in  dige^titig  equal  parts  of  alcohol  and  dehydrated 
oxalic  acid  In  a  Ea»k  turai&hcd  with  a  long  gla.^'S  tube  in  which  the  toIiiH* 
iied  spirit  may  condense.  Aflcr  six  or  eight  hours'  digestion,  the  mixtiLn 
generally  contains  only  traces  of  unelherified  oxalic  acid. 

Pure  oxalic  ether  is  a  colorletm.  oily  liquid,  of  pleasant  aromatic  odor, 
and  1  01)  sp.  gr.  It  boils  at  183  tl'^  C.  (:J<J2<'  F. ),  is  but  little  soluble  in  water, 
and  is  readily  deeompoj^ed  by  caustic  alkalies  into  a  metalhe  oxalate  aiid 
alcohol.  With  solution  of  amuionu»  in  exceBSf  it  yields  oxamide  and  aUo- 
hut;  thus: 

(r/»,)'>(0€,ITj),   +    2NH,   =:r  2H0r,H,    +    (CA)''(NH,), 
Ethyl  oxalate.  Ethyl  Oxamide. 

alcohol. 
This  is  the  beat  process  for  preparing  oxamide^ 

Virhen  dry  guseous  animouiu  is  conducted  into  a  vessel  containing  oxiilSt 
ether,  the  ga^  is  rapidly  absorbed,  and  a  white  isolid  subslan^  ■  ^  —  ^-rH, 
which  iM  r<oluble  in  hot  alcohol^  and  j»eparates  on  cooling  in  Ci^  .q9- 

paceut,  scaly  orys^tals.     They  dissolve  in  water^  and  are  borji      .  *nd 

volatile.  This  substance  is  oxumethane,  the  ethylio  etber  of  oxamic  w^d 
(p.651>): 

(C,0,)^^(OCJIj),    -h    NH,    =     B0€  H.     +     CX»,(NH,)fOCjjB^) 
Ethyl  oxalate.  AlcohoL  Ethyl  vxjun ale. 

The  sflmG  8nb««tarice  ij^  formed  when  ammonia  In  small  quantity  ia  added  to 
a  solution  of  oxalic  ether  in  alcohoL 

Wheo  oxaliti  ether  ig  treated  with  dry  chlorine  in  excess  in  simHHiiie«  i 
white,  oolorlpss»»  crystalline,  fusible  body  is  produced,  insidiibli^  in  water, 
and  iuMtjintly  decomposed  by  alcohol.  It  counipts  atf  prrehinrfth^tw  ^imltH, 
Cgrij/T^,  or  r/*4(C./'ls1,,  or  oxalic  ether  in  which  the  whole  of  the  hydra- 
gen  IS  replaced  by  chlorine. 

Ethyl  oxalate  is  converted  by  potassium  or  sodium  into  «lhyl  oarl»<oiialc, 
with  evolution  of  carbon  monoxide:  CJ(t\!^J^,()4  t=  CfCjlI^I^Oj  -U  CO; 
but  the  reaction  is  complicated  by  the  format  ion  of  sereral  other  pro^Juet*. 

When  ethyl  oxalate  is  agitated  with  sodium  amalgam  iu  a  vessel  riter- 
nnlly  cooled,  a  product  is  obtained  which  is  separated  by  ether  into  a  soUible 
and  an  insoluble  portion,  the  latter  conBisting  of  fermentable*  fiigvir^  to- 
gether with  sodinui  oxabite  and  at  least  one  other  sodi>i  ^  the 
ethereal  solution  yields,  by  Sipontaneous  evaporation,  ii  o* 
cotii position  r|iH,,(>,f.  an<l  cdiiHisting  of  the  ethylio  ether  .'.  ,.*  ,  jtiNi-ii  wvid* 
Cj^il^t)^,  QnWf^iXdtAvKilif  itrjit  bfcause  it  is  pritdiiced  by  deoxidation  of  oialltf 
acid:  A('^IT/>^  -f  5Hj  =  2(\U/\  -f-  40ir^;  ami  rarmio-earU^nte  aeidilf- 
c«U9«>  it  contain!*  i\»e  cXemfeWV*  ^il'  raoemic  acid.  l\Jf/>,»  and  carbon  dioxtd*. 
CO^  and  la  resolved  inW  l\iutt«  V.v4f>  <^<i\uv^>UL'i^  >kVx<&\i  vt.*  a^^ueous  soiutioaii 
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hc^ated  in  a  sealed  tube  witli  a  smaU  quanlitj  of  siilplitiric  acid.  The  de* 
cuinpu»in*oi:i  of  cthjlie  oxalule  by  sodium  aaiulgaiu  Im^  not  been  coiiiplcielj 
lii¥t!H(igi&te<l.  but  thv  !'orniacii>Q  of  dec^oxiilio  ncid  aud  glucose  niuy  be  re* 
pre&euted  by  tbc  e^uatioa: 

10H,0, 


OiaUc  acid. 


14H,    ^     2C,U.O,    +    C,H„0.    + 
Des^oxalic  aeid.     Gtucui^e* 


Ethyl  oxalate  treated!  with  linc-ethyl,  and  aflerward  with  water,  yields 
the  ethyl ic  ether  of  diethoxaitc  acid,  r^ltj(C2lij^),02,  and  Biiuilur  prcnlucta 
with  tiue-Hicthyl  and  lino-arayl  (p.  ti30). 

Acid  eth/l  oiiihtU,  or  Ethyloxalic  acid,  CgH(C,lIs)0^,  or  (CaO^)^'(0H)(0C- 
Hj),  \A  obtained  a:}  a  polaaBium-sriU  by  udiUng  to  a  Bolulion  uf  neutral  ethyl 
oxiilatc  in  abr^olute  alcohol,  a  quantity  of  alcoholic  p(ita.Hb  lead  than  sufh- 
cient  to  conTcrt  tbe  whole  into  patai^nium  oxiilute  and  alcohol ;  on  dissolv- 
ing tbiei  s&U  in  bydrated  aleohol,  carefully  saturaling  with  sulphuric  acid, 
frod  nentruliziug  with  carbonate  of  lead  or  barium,  the  eihylo]talate  of 
lead  or  bariuna  is  obtained,  —  The  acid  itself  is  prepared  by  decampoi^ing 
either  of  these  aalta  with  sulphuric  acid ;  hut  it  is  very  unstabk^  and  iB  de- 
composed by  concentration  idIo  alcohol  and  oxalic  acid, — Tbe  potassium* 
talf,  Cjlt'jIljKO^,  forms  crystalline  scales  which  begin  lo  Uecoinpoae  to- 
ward 100°. 

Methvl  Oxalate,  C^(CH,)p^,  or  (Cfi^y'iOCUj^)^  ia  easily  prepared  by 
distilling  a  mixture  of  equal  wi'ighis  of  oxalic  acid,  wood^npiiil.  and  oil  of 
vilrtid.  A  epirltuoug  liqnid  eoUecla  in  the  receiver,  which,  when  rxpoHed 
to  the  air,  quickly  evaporates,  leaving  the  methyl  oxalate  in  the  form  of 
rhombic,  transparent,  crystalliije  pliiteii,  which  may  be  purified  by  pressure 
between  folds  of  bibulous  paper,  and  redistilled  from  a  Iiille  oxide  of  lend. 
The  product  in  colorle&a,  and  hsis  the  odor  of  ethyloxalate ;  it  melts  at  ^P 
C(l-*3^  F),  and  bolls  at  lOl'^^C.  (32FF.),  dissolvei*  freely  in  ulcohol  and 
wDod-j;pirit,  and  also  in  water,  which,  however,  rnpi'lly  decomposes  if,  eu- 
peciully  when  hut,  into  oxalle  acid  and  wood-spirit.  The  alkaline  hyiiratea 
effect  the  same  chunge  even  more  easily,  Solution  of  niumonia  converts  it 
into  oxauilde  and  methyl  alcohol.  With  dry  iiinmoiiiacal  gas  it  yields 
methyl  oxamate,  or  oxamethybine,  (CjOj)"(NlL)(OCHj),  awhile,  Bolid  aub- 
Stance,  which  orystallizeg  from  alcoliol  in  pearly  cubes. 

Etiieite  Oxalate,  C,i(rjHJ''^0^,  or  {C.p^y^{C,Ufi^y^,  appears  to  be 
formed  by  the  action  of  ethene  bromide  ou  silver  oxalate. 

Maloaic  Acid,  C^H/J^  =  (Cll,)",  (COjH),  —  (Cjn^f),)^'fOII)^  ^Tbis 
acid  i»  formed  by  the  slow  oxidation  of  propeoo  glycol  f  p.  6f^5) : 

C,fl,0,      -f       0,      =       2011,      +       C,H,0,; 

also  by  oxidtiing  malic  acid  with  a  cold  solution  of  potassium  cbrooiatc: 

4-    0,    ^    CO,    +     OIIj 


CHO, 
2hlalt<3 

acid. 


Miilouic 
acid> 


And  by  the  action  of  alkalies  on  cyanacelio  acid,  or,  belter,  oa  ethyl  cyan- 
aceiaie: 


+     30H,    =r    NH,    + 


c,n,o 

Alcohol. 


+    c,".". 


Malrmio  acid. 


L 


Ethyl  cyanaceiate. 

Malonic  acid   form*  large  rhombohcdral  crystals,  soluble  in  water  and 
alcohol  meltinc  at   UrP  C.   (12H4*»   F.J,   and  resolved  at  15<F  C,  Ci^l'25>?A 
into  carbon  dioxide  and  acetic  aciil. — ^iu  v«i\fcl\QUii  Vq  >;i<a^\'eft  ^1  ^^'ft  xiacv^ 
»cid  group  niil  be  ijofjccd  b  ere  after* 
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13  produc<?d:    L   B>  hLuiiiig  Athene  cyanide*  with  ulcohulto  fjotiidb: 

2.  By  tbe  action  of  uascfut  hydrogen  (evtvlved  by  sodinm-amtilgim)  oB 
mak'ic:  ucid,  or  its  isomer,  futiiaric  acid,  t\lI/>4  +  H^  =^  I'^FI^U^.  —  il.  Dy 
the  uctiiiu  of  hydrioilic  aeiil  (or  wnter  and  ptiosphorus  iu(iid«)  on  mtU« 
»cid,  C^U^Oj.  or  tarrarie  acid,  0^11^0^,  the  i-fHCtiou  coiiiibtitig  in  I  be  itb^lrie- 
tton  of  ]  or  2  atom «  of  oxygen,  witli  formation  of  water  und  BCpAmtion  of 
icKiinG, — 4.  By  tb<s  fGriuontation  of  malic  or  futnaric  acid,  and  of  niAHj 
other  organic  stubstancGSj  especially  under  the  influence  of  jiuirefying 
casein;  in  s^mall  qiiantily  itlso  during  tUe  alcoholic  fcrmenlation  of  FOfur 
{p.  olti.  fuot-iiotej.  —  5.  By  (he  ox^idalion  of  many  organic  ftubstimefCt 
eHpeciallj  of  ibe  fatly  acids,  i  aHjnt^y,  and  their  glycerides.  luider  ihe  in- 
fluence of  nitric  acid.  Its  format i^.n  from  butyric  acid  i«  reprt*ii«iiled  hj 
ih©  equation  VMi^  -f-  (>j3=  Olij  -f  r^njO^. 

Succinic  acid  occurs  ready  formed  in  amber  and  in  cerinin  lig^uitcf.  aiii 
occaHionatly  In  the  anitotil  organism.  By  heating  amber  in  iron  reiortu,  il 
may  he  uhtained  in  colored  cry}*tal8,  which  may  ho  purified  by  trvataital 
with  nitric  ticid  and  rc-cryBtallizatiou  from  boiling  water*  The  acttl  iff 
however,  more  adrantageou^ly  prepared  by  the  fermcntalion  of  malic  ipid, 
the  crude  Cttlciutn  mnlale  obtained  by  ncuiralizing  the  juice  of  mouutjiii- 
ash  berries  with  chalk  or  slaked  lime  being  used  for  the  p*jr*  --  1  ni> 
«aU  is  mixed  in  on  earthen  jar  with  water  and  yeast,  or  dec;  U 

and  lef^  for  a  few  days  at  vltj°  or  40°;  the  cnlcium  succinate  n  ut^l 

i^  decomposed  by  dilute  Eitjlphuric  acid;  and  the  sucoitiic  a«id  is  purilil 
by  erysialli?.ation  from  water  and  by  sublimaiion* 

Succinic  acid  cryKtafIize«t  in  coliirlesR,  oblique  rhombic  prftmiA^  wkidl 
dissolve  in  o  parts  of  cold  and  in  3  parts  ol  buibng  water:  it  nielu  »i 
18U«  C.  {>i^V,^  F,)  and  boilft  at  23;>^  C.  (465*'  F.J*  at  the  .*anie  lime  under- 
going ilecnmpo<<ilion  into  water  and  tttreimt  oxide,  or  unhydridt^  r^HiiJ^  Of 
{ t^^  II  ^O^  )''(>.  The  same  com  pound  le  formed  by  the  action  of  pbo**ph«nii 
penlaehbiride    on    succinic   acid:     l^H^O^  -f-    l*Clj  =   2HCI    -f-    TtK^l,  -f 

*  i^' A  It  is  a  white  mass,  less  soluble  in  water,  but  more  soluble  lA  ilfl^ 
boU  than  succinic  acid. 

Suceinio  acid,  being  bihaftic,  forms,  with  monad  metals,  Bcid  ftiad  Dfulrtl 
saltii,  f^ltaMO^  and  C^ll^M/)^.  and  with  dyad  metaU,  neulral  sftlta.  coa- 
laiQitig  r^i1^M'^<\.  and  acid  ?ialtH,  C^H^MO^.  t^H/V  — 'r*^^»'<^  »*'«  ^o  % 
few  double  aucciiiales,  several:  basic  lead -salts,  and  a  byperaetd  polaawttM* 
salt, 

.Succinic  acid  is  distinguit^heil  from  benxoic  acid  by  not  beitig  prwipi" 
tated  from  its  soluble  «iilts  by  mineral  ucids,  and  by  forming  a  wkiU  pre- 
cipitate with  barium  chlortdct  on  addition  of  ammonia  and  idcohol, 

PyrotarUric  Acid,  fy T^O^  =  (C,llg)''(r0^ll),  =^  (r,lT,0.)''(On),  is  phi- 
duced  by  the  dry  diKtilbitiun  of  tartaric  acid,  and  by  the  action  of  alco- 
holic potash  on  propene  cyanide,  t'ing(rN)^.  It  forms  rhombic  prisna, 
very  soUihle  In  water,  alcohol,  and  ether;  melts  at  112*'  C*  VS^^V^  F.)»  vela- 
rilijtes  at  about  200*' C  {^{^2^  R),  being  partly  reaolved  into  wafer  anJ 
pitrtitartitric  oxide,  0511^01.  ft  forms  actd  and  neutral  Rails  analogoUi  U>  (fa^ 
succinatett, 

Adipic  Aoid,  CgHpjO|,  and  Pimslio  Add,  r^Hj^Oj,  are  produced  hy  Ike  oil* 
dniiun  of  tats  with  nitric  acid. 

Btibaric  Aoid,  CJIj^O^,  has  long  been  known  aj  a  product  of  Uis  o; 

*  Rtbctm  eyanid«  ia  QbtfldtmeA  by  \Miik\ai|[^  ib^2im»a  \»raaA/tkNKCiiji\^^wttih  an 
Uua  vf  p<uLu4Nkluni  cyanide. 
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lion  of  oork  by  nitric  acid.  Recently  it  has  been  produced,  together  with 
other  acids  of  the  series,  by  the  long-continued  action  of  nitric  acid  upon 
stearic  and  oleic  acids  and  other  fatty  bodies.  Suberic  acid  is  a  white 
crystalline  powder,  sparingly  soluble  in  cold  water,  fusible  and  Yolatile  by 
heat. 

Anchoic  Acid,  or  Lepargylio  Add,  C^^^ifi^^  is  formed,  together  with  other 
products,  by  the  action  of  nitric  acid  on  Chinese  wax  and  on  the  fatty  acids 
of  cocoa-nut  oil  —  Azelaic  acid^  obtained  by  oxidizing  castor-oil  with  nitric 
acid,  has  the  same  composition  as  anchoic  acid,  but  differs  so  much  from  it 
in  physical  properties,  that  it  must  be  regarded  as  an  isomeric  or  alio- 
tropic  modification. 

Sebio  or  Bebaeic  Acid,  C,oH,g04,  is  a  constant  product  of  the  destructive 
distillation  of  oleic  acid,  olein,  and  all  fatty  substances  containing  those 
bodies;  it  is  extracted  by  boiling  the  distilled  matter  with  water:  it  is 
also  formed  by  the  action  of  potash  on  castor-oil  (see  p.  652.)  It  forms 
small  pearly  crystals  resembling  those  of  benzoic  acid.  It  has  a  faintly 
acid  taste,  is  but  little  soluble  in  cold  water,  melts  when  heated,  and  sub- 
limes unchanged. 

Boceellic  Acid,  CpH^04,  exists  in  Roccella  Hnetoria,  and  other  lichens  of 
the  same  genus,  also  in  Leeanora  tartarea,  and  is  obtained  by  exhausting 
the  first-mentioned  plant  with  aqueous  ammonia,  precipitating  the  filtered 
liquor  with  calcium  chloride,  and  decomposing  the  resulting  calcium-salt 
with  hydrochloric  acid.  When  purified  by  solution  in  ether,  it  forms 
white,  rectangular,  four-sided  tabular  crystals,  melting  at  132®  C.  (270°  F.), 
and  subliming  at  200°  C.  (392°  F.),  being  partially  converted  at  the  same 
time  into  an  oxide,  C^Hg^O,.     This  acid  decomposes  carbonates. 


2.— Pumaric  Series  C»Hjn_^0^. 

This  series  includes  the  two  following  groups  of  isomeric  acids: 

Fumaric  and  Maleic  acids ^^fii 

Itaconic,  Citraconic,  and  Mesaconio  acids       .         C5H0O4. 

They  are  unsaturated  compounds,  capable  of  taking  up  two  atoms  of  hy- 
drogen, bromine,  and  other  monad  elements,  and  passing  into  acids  of  the 
preceding  series. 

Famaric  and  Maleic  Aeidi,  C4H4O,  =  (C,H,)^>'(CO,H),  =^  (Q^fi^y'(01^)^ 
When  malic  acid  is  heated  in  a  small  retort,  nearly  fillea,  it  melts,  emits 
water,  and  enters  into  ebullition,  and  a  volatile  acid  passes  oyer,  which 
dissolves  in  the  water  of  the  receiver.  After  a  time,  small  solid,  crystal- 
line scales  make  their  appearance  in  the  boiling  liquid,  and  increase  in 
quantity  until  the  whole  becomes  solid.  The  process  may  now  be  inter- 
rupted, and  the  contents  of  the  retort,  after  cooling,  treated  with  cold 
water:  unaltered  malic  acid  is  thereby  dissolved  out,  and  a  less  soluble  acid 
is  left  behind,  called  fumaric  acid,  from  its  identity  with  an  acid  extracted 
from  the  common  fumitory  {Fumaria  officinalis). 

Fumaric  acid  forms  small,  white  crystalline  laminas,  which  dissolve  freely 
in  hot  water  and  alcohol,  but  require  for  solution  about  200  parts  of  cold 
water:  it  is  unchanged  by  hot  nitric  acid.  When  heated  in  a  current  of 
air  it  sublimes,  but  in  a  report  undergoes  decomposition ;  thU  \\^  ^^V^wwew- 
•non  often  observed  in  organic  bodies  of  8ma\\  ^oVaWWVj .  Igxwsx^Tx^  ^«v^ 
forma  acid  And  neuir&l  metallic  salts,  and  an  eiheT,  y?\i\cSv,  Vj  NXi^  %R!Cvi>^  w. 
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aiutnont&«  yields  fumarntnUle,  (C4fI|0f)^'(NH,)p  in  the  form  of  a  wbUe» 
ADiorphous,  iDMduble  pi>wtl<*r. 

The  volntile  ficid  producetl  einiiiUftiieouslj  with  fumaric  acid  b  c*llw4 
maitic  actd :  it  may  be  obtained  in  uryatab  by  eTnporaiion  in  a  wurm  pitcf. 
Il  is  very  solublis  in  wai«rt  alcohoK  aud  ether,  bas  a  stroi  qod 

reacitioni  and  in  convertible  by  heat  into  fumartc  aeid.      >i  :in< 

acids  arc  forjned  fruin  nmlio  acid   by  separation   of  a   UiMif  !or 

KtJinaric  acid,  wh«n  heated  with    brominet  conibiDes  with    'J  but 

element,  forming  dibromoguccink  acid^  C^U4lirjOj^  which  rcseiiiL;,, .  ...  _:*  ill 
properties  the  dibroniiniucd  acid  i>repiired  from  vuccinte  acid  by  dtrrel 
sub^iitution.  On  lieating  fiimaric  acid  with  hydriodic  acid,  it  pasattB  mio 
succinic  iicid.  The  v^mv  reaction  lakes  place  on  treating  fumnrtc  aeid  mith 
water  and  aodium-amalgaiQ,  CjHiO^  +  Hj  ?=  C^H^O^.  The  dcpiit-tincat  of 
mnleift  acid  with  bromine  and  iiabceiit  hydrogen.  i»  perfectly  analogtru^  ta 
Ihat  of  fumaric  acid:  when  treated  with  hydriodic  acid,  it  fHia^ett  firvi  \tki9 
furoaric  acid,  and  ihen  into  succinic  acid  (Kckul^), 

Itaco&ic,  Citraconio,  and  Uetaconie  Acidt,  r^HtO^. — The  fir^f  twoof  fb«M 
acids  are  produced  by  the  nctiou  of  beiit  un  citric  acid.  When  cni^ptalbftjd 
citric  acid  la  heated  in  a  retort  it  first  melts  in  its  water  of  c  ry  s  I  alii  f  at  J  on » 
and  then  boils,  giving  off  water  Afterwards,  at  about  175°  C  {M7^  F.), 
vapors  of  acetone  distil  over,  aud  a  copious  disengngement  of  carbon  moa- 
noxide  takes  place.  At  this  lime  the  residue  in  the  retort  consists  of  wro- 
itic  aciii  If  the  distilliition  he  still  continued,  carbon  dioi^ide  is  |^ii 
off,  iind  itaconic  acid  erysiaUiaes  in  the  neck  of  the  retort.  If  theae  cry*- 
ta1»  be  repeat Citly  disiilled,  an  oily  muss  of  citraconic  oxide  or  atihydridr  w 
obtnined,  which  no  longer  solidifiea.  Theao  coDiposttiona  ar«  repre^«nt«d 
by  the  following  cqualionii: 

tVI.Oj  —  oil,  =  CgH^n,;         C^H^O,  —  CO,  ^  C,H/)^; 
Citric  Aconitic        Aconitic  Itmcomc 

AOid.  acid.  acid.  ftCld. 

C.H.O,     -      OH,      =      r.n.o, 

Itaeonio  Citracomo 

acid.  oride. 

The  oitraconio  oxide  when  esLposed  to  the  air  absorbs  moisture^  uid  U eon* 
vertetl  into  cryslallired  ciLraconic  acid^  C^4H^04' 

Mesaconlc  acid  is  produced  by  boiling  itaconic  acid  witb  ireak  ftitrieacid. 
These  three  isomeric  acids  are  all  converted  by  nascent  hydrog«tQ  into 
ftyrotartarie  arid,  C^H^O^.  They  also  take  np  a  molecule  of  faydrobrvlftie 
acidj  II Mr,  forming  mouobroniopyrotartaric  acid^  CjHjUrO^.  or  of  bromiDi^ 
Br,,  forming  dibromopyrotartario  acid.  Itaeonio  and  citru^^onic  acids  «r% 
however,  more  inclined  to  these  transformations  than  mesaconic  m^id,  mhkk 
is  altogether  a  more  stable  compound.* 

Cam phorie  Acid.  r',^!!,^'^^.  produced  by  healing  camphor  {r,^H|,0)  wiili 
nitric  ncid,  is  likewise  included  in  the  general  formula.  C»nj^_^0^;  but  il 
appears  to  he  a  srituraterl  compound.  inHsnuicb  as  its  cthylic  ciber  i-howi 
no  tendency  to  take  up  chlorine  or  oilier  elements.  The  acid  formf  saiilJ 
colorless  needles  or  pltttes,  of  acid  and  bitter  taste,  sparingly  solubla  ti 
ooJd  water.  U  melts  when  heated,  and  yields  by  distillation  a  Cidcirl**, 
cryslalline,  neutral  subslancc,  consisting  of  atmphonc  ond*,  or  anhjfdnde^ 
C.plI.^O,,  Catciiiiu  onmphorate  when  distilled  yields  a  volatile  oil  con--  ■■  - 
01  jihonmt,  C,II„0,  ihe  ketone  of  camphoric  acid: 

C^,,H„CaO^       ==        COjCa        +        C,H„0. 

*  Vnr  fin  nxptanfttton  oT  the  Wamc^T^imVv^tvftQ^v^cM  ^fttt«k  v?Ak,«m.  %fJk;»U  ^BuIlftlD  d»  Ji 
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8.— Seriei  CnHjo-tO^. 
The  only  known  acid  belonging  to  tliis  serieH  is : 

Xellitio  Aeid,  C4H2O4,  which  occurs  -as  an  aluminiiim*Balt  in  a  Tory  rare 
mineral  called  tneUue  or  honeyttonty  foand  in  deposits  of  lignite.  It  is 
soluble  in  water  and  alcohol,  and  is  crystalliiable,  forming  colorless  needles. 
It  is  a  bibasic  acid,  forming  acid  and  neutral  salts :  the  mellitates  of  the 
alkali-metals  are  soluble  and  crystallizable ;  those  of  the  earths  and  heary 
metals  are  mostly  insoluble. 

Ammonium  mellitate  yields  by  distillation  paramide  and  euehroie  acid. 
The  former  is  a  white,  amorphous,  insoluble  substance,  containing  C^HNO, 
(i.  e.,  acid  ammonium  mellitate,  C4H(NH4)04  mintu  SOH,),  and  couTertible 
by  boiling  with  water  into  acid  ammonium  mellitate.  Euehroie  add  forms 
colorless,  sparingly  soluble  crystals,  containing  in  the  anhydrous  state 
QH^NjO^.  In  contact  with  metallic  zinc  and  deoxidizing  agents  in  general, 
it  yields  a  deep  blue  insoluble  substance  called  euchrone. 


4.— Series  CaHto-^O^. 

Quinonic  or  Quinoylic  acid,  ^fifi^*  ^^  not  actually  known,  but  its  dichlori- 
nated  derivative,  QAlfXfi^,  is  produced  by  the  action  of  potash  on  tetra- 
ehloroquinone,  CgCl402.  It  is  a  crystalline  substance,  which  gives  off  water 
when  heated.     It  is  bibasic,  forming  acid  and  neutral  salts. 

Onellinic  add,  CgHjO.,  and  Evemie  add,  CM^fi^,  perhaps  belong  to  the 
same  series.  They  will  be  further  noticed  in  the  chapter  on  Coloring 
31atters. 


6.  —  Series  CnHan^joO^. 


This  series  includes  the  isomeric  acids,  phthalic  and  terephthalic, 
CjH^O^ ;  also  insolinic  acid,  C^HyO^. 

Phthalic  Acid,  CjH^O^,  also  called  Alizaric  and  Naphthalie  add,  is  pro- 
duced by  the  action  of  nitric  acid  on  naphthalene,  dichloride  of  naphtha- 
lene, alizarin,  and  purpurin  (the  coloring  matters  of  madder) : 

C,,H,         +        03  =  C3HA        -f        C,H,04 

Naphthalene.  Phthalic  acid.  Oxalic  acid. 

C,.HA        +    OH,-i-0,     =  C.HA        +        Cflfi,. 

Alizarin. 

2C,H,0,       +    0H,+O,     =         2C,H,0.        +         C.H.O,. 
Purpurin. 

It  is  usually  prepared  by  treating  naphthalene  dichloride  with  boiling  ni- 
tric acid. 

Phthalic  acid  crystallizes  in  colorless  plates :  it  is  but  slightly  soluble  in 
cold  water,  but  dissolves  freely  in  alcohol  and  ether.  It  is  bibasic,  form- 
ing acid  and  neutral  salts.  When  heated,  it  loses  a  molecule  of  water,  and 
leaves  phthalic  oxide,  CglLOj.  Treated  with  fuming  nitric  acid,  it  yields 
nitro-phthalic  add,  C%^^fJ(^02)0^.  When  distilled  with  baryta,  it  gives  off 
benzene : 
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Terephttiftlio  Add,  CgRjO^,  is  prorluced  bj  ihe  oxMiting  action  of  oitiic 
aci<J  on  ttirpentiue  oil,  lemoQ-oil,  and  other  lerpenea,  also  on  cjmciie.  It 
ie  a  white,  taatetcBS,  orystalliiie  powder,  not  perceptibly  salubltf  in  wnier, 
alcohol,  or  ctber.  It  ia  dfi^tingiii^hed  from  phtbatic  acid  by  Bublimtoi: 
wiLhouf  alteration  wben  heated,  aiidviKit  being  rcAolved  into  water  and  in 
ail  hydride.  Alt  bough  biba^iCf  it  forms  do  dutiblo  aalt«,  and  &how»  but  little 
tendency  to  form  acid  salts.  Nearly  all  the  Icrephtbalatep  are  soluble  and 
cry^lrillixablc,  und  f>io  inHammable  thai  tiif*y  may  be  set  on  fire  by  a  tpark 
from  a  Sini  and  stool,  and  burn  away  ttluwly  like  tinder,  emilUog  tbe  odor 
of  benzene* 


InioUaio  Acii,  Cflll^O^,  is  produced  by  the  actios  of  j- 
mati'  nnd  sulplnirlc  acid  on  cumic  acid,*  and  by  that  of  m 
tar  cumene  (Iriniethyl-benicnet  p.  498)»  tylic  acid  beiD{;&i^'<i 
afterward  further  oxidiicd  to  in^oUiiic  acid :  f 


bfotiro- 


.H„0. 


Cumic 
acid* 

C,H„ 

Cum  en  0* 

c,n,„o. 


0^        :=       COa      -f      20Hj      -f- 


-h 


O3        ^ 

o,      = 


C^H,oO, 


Ualitiii: 
aeid. 

OH) 


Zylic  acid. 

,    .,   .        +        O,        =  C,H,0,  4-        OH, 

Zylic  ueid. 

InetoUnic  acid  in  a  white  crystalline  powder,  and  resembles  lerepbtiiilic 
acid  in  being  nearly  iusiolubltt  in  cold  and  sparingly  Holuble  iu  hot  wat» ; 
from  hot  aleuhol  it  yeparate»  in  crystalline  orttj^tg*  When  beale«J  it  •ul^- 
limcH  withoiif  previous  fusion,  and  iu  part  without  dceompo^itioti,  It  it 
hihii^ic,  formitig  neutral  acid  and  double  salt^,  alio  a  Deutral  and  acid 
ethylic  ether  (llolmann). 


THIATOMIC  AND  MONOBASIC  ACIDS* 

These  acid^s  are  derived  from  triatomic  alcohols  by  subsUlution  of  0  for 
Hj,  M  glyceric  ootd,  C^\iji\,  from  glycorin,  C,HgO,: 

CILOH 


CHjOH 

CHOII 

rH.OfI 

Glycerin. 

The  known  acids  of  the  group  are: 

Cilyoxylic  acid        .         CjH^O^ 

Glyceric  acid     .         .     C,H^1*^ 

OxysaHcylio  acid   .         CiIitQ* 

OH 


^HOH 

COOH 
Glyceric  acid, 

Eiigetio  aeid 
Pip  eric  acid     . 


C..H,A 


Olyoxylk  Acid,  CjH^O^    =    CHOH*  — Thii  acid  is  prodtioed:  1.  By  tJw 

rooH 

action  of  nasoent  hydrogen  (erolved  by  ilno  and  sulphuric  aotd)  o&  esaUc 
acid:  C,H/>,  -f  H,  —  C^H^O^. 


C,H,0 
AlcohoL 

+ 
+ 

0. 
0. 

CH,0, 
GlyozaL 

+ 

0 
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2.  By  boiling  BiWer  bromoglyeoIUie  with  water: 

CjHjAgBrO,    +        OH,        =        AgBr         +         CjH^O^. 
8.  By  the  oxidation  of  glycol,  alcohol,  or  glyoxal  with  nitric  acid : 

=r        CjH^O^       +         OH, 

=        Cfifi^       +        OH, 

+        OH,  =        CjH^O^. 

Glyoxylio  acid  may  be  obtained  by  evaporation  in  the  form  of  a  viscid 
transparent  syrup,  which  dissolves  readily  in  water,  and  distils  without 
alteration  at  100°.  It  dissolves  zinc  without  evolution  of  hydrogen,  and  is 
converted  into  glycolic  acid  :  C,H404  -j-  H,  =  CjH^O,  -f  0H«  Glyoxylio 
acid  forms  salts  most  of  which  are  represented  by  the  formulae  CiHgO^M, 
and  (C,H|04),M^^  e.  g.,  the  nlver-talt  is  CgH-O^Ag,  and  the  calcium-saU, 
(C-HjO^jjUa-'^  The  ammonium-salt,  however,  nas  the  composition  CjHO. 
(NH4),  apparently  derived  from  an  acid  containing  CjIT^O,.  This  is  indeed 
the  formula  originally  assigned  to  glyoxylio  acid  by  Debus,*  who  discovered 
it.  This  formula  is  perfectly  consistent  with  the  formation  of  the  acid  by 
oxidation  of  glyoxal,  glycol,  and  alcohol ;  but,  on  the  other  hand,  its  forma- 
tion from  oxalic  and  from  bromoglyoolic  acid  seems  rather  to  show  that  it 
consists  of  CjH^O^.f  Moreover,  if  the  acid  were  really  C,H,0j,  it  would 
be  necessary  to  suppose  that  all  the  glyoxylates,  except  the  ammonium  salt, 
contain  water  of  crystallization,  the  silver-salt,  for  example,  being  C^HO, 
Ag.OH, ;  now,  there  is  no  other  known  instance  of  a  silver-salt  containing 
water.  The  ammonium-salt  above  mentioned  is  probably  an  amide,  (CjH^ 
0,)NH,,  formed  from  the  true  ammonium  glyozylate,  €,H,04(NHJ,  by  ab« 
straction  of  water. 

Glyceric  Acid,  Qfifi^.  —  This  acid,  isomeric  with  pyruvic  acid,  is  pro- 
duced by  the  action  of  nitric  acid  on  glycerin:  also  by  the  spontaneous 
decomposition  of  nitroglycerin,  and  by  heating  glycerin  with  bromine  and 
a  large  quantity  of  water  to  100^  in  a  sealed  tube : 

CjHsO,    -f    2Br,    +    OH,    =    4HBr    +    CjH^O^. 

Glyceric  acid,  when  concentrated,  is  a  colorless  non-crystallizing  syrup 
which,  when  heated  for  some  time  to  106°  C.  (221°  F.),  gives  off  water  and 
is  converted  into  glyceric  oxide  or  anhydride,  C^H^O,.  This  acid,  treated 
with  phosphorus  iodide,  is  converted  into  iodopropionio  acid,  C,HJOf 

The  glycerates,  Qfifi^V  and  (C5H504),M'^  are  soluble  in  water  and 
crystallize  well.  They  are  not  reddened  by  ferrous  sulphate,  and  are 
thereby  distinguished  from  the  pyruvates,  with  which  they  are  isomeric. 

Oxyialicylic  Acid,  C^H^O^,  is  produced  by  boiling  a  solution  of  iodosali- 
cylic  acid,  C^H^IO,,  with  potash.  It  forms  highly  lustrous  needles,  soluble 
in  water,  alcohol,  and  ether.  The  aqueous  solution  is  colored  deep  blue  by 
ferric  chloride.  The  crystallized  acid  melts  at  193°  C.  (879°  F.),  and  is 
resolved  between  210°  and  212°  C.  (410°-414°  F.)  into  carbonic  dioxide  and 
oxy phenol  or  pyrocatechin,  C4H4O,  (p.  562),  and  its  isomer,  hydro-quinone. 
The  oxysalicylates  are  very  unstable. 

There  are  three  acids  isomeric  with  oxysalicylic  acid,  viz.,  hypogallic 
acid,  produced  by  the  action  of  boiling  hydriodic  acid  on  hemipinic  acid, 

""   "^^'Cio^ioOe    +    2HI    =    C,YLfi,    -|-    2CH,I    -|-    CO,; 

•  Pbll.  Mag.  [41,  xll.  3«. 

t  lirinn  and  Ihtppa,  Chem.  80c  J.\2\,^\W. 
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protocatfchuk  add,  produced,  together  with  rixalie  uid  aoetie  ftcids,  by  I 
actitiu  of  nicked  polAish  oti  piperic  ttcid,  CijlIj^jO^! 

CijH.oO*  +  son,  ^  C^IIsO,  +  C^f,0,  -f  CVH^O,  4-  co,+  TB^ 

and  ciirbohydroquinonic  acidt  produced  by  a  peculiar  IrAnsformaCiozi  of  quiaS 

acid. 

Eugetic  Add,  CnHiPi,  la  prodactd  by  the  aclion  of  cnrbon  dioxide  aod 
Bodium  on  eugt'tioi  or  uuguuio  acid  (oxidized  esseuce  of  cloves): 

C,,H,.NaO,  +  CO,  =  C,,H»Naa^ 

Vadium  jjodiuin 

eugemite,  eugetat«. 

It  cryMftHiies  from  hot  aqut^ous  polution  in  long  colorless  prisms,  oieltini 
at  124^  C.  {2iVi'^  F.).  slfgUtly  solnblii  in  colil  water,  si^ry  soluble  in  alcohol 
and  ether.  The  aqueout)  sotuliun  is  colart'd  blue  by  ferric  chloride.  The 
acid  iH  rcBoWed  by  heat  into  carbon  dioxide  tiud  eugenic  acid. 

PipeHe  Acid,  ^t  JTj^^n^.  Is  produced,  together  with  piperldine,  bj  boiliag 

ptperiiic  (im  nlkuloid  from  pepper)  with  polish: 

r,JT„NO,         +         OH,        =        C„IT,A 
riper  inc. 


Piperimnc* 


Piperic 

acid* 

If  forms  yellowisb  oapilUry  needles,  melting  at  150**  C,  {302"  P.),  and  fub- 
Hiiiiniz  at  about  :2t>D=' C,  {J^Hl"'  f\):  nearly  insoluble  in  water,  easily  tolulde 
in  boiling  alcohoL  When  fiif^ed  with  polafi^sium  hydrate  it  j^ields  proto^a- 
ieebiiic  acid,  together  wiiU  niher  producl^.  The  piperates  ctcji  of  T 
nlkali-nietuls  are  sparingly  soluble  in  water,  the  real  insoluble 
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The  only  known  acids  of  this  group  arc  matk  add,  C^H^Oi,  ajid  iarti 
arui,  ^\\^i^K^.  ohiiiined  by  ihe  ttpontitneoiiB  decoinpusitlun  of  nitrotartai 
acid,  and  perhaps  also  oroconic  ucid,  C^lljO^  (p.  ^76). 

Malle  Acid,  C,H,Oj  =  (C^llfi^y'^{Om),,  or  (€^11^)^''  J-X  -— thbamd 

is  formed  synthctioally  by  the  action  of  moist  Bilver  oxide  on  monobrooo* 
fluccinic  acid: 

2C,H,BrO,    +     OAg,     +     OH,    ^    2AgBr     +     2C^n,05. 

It  I!)  fil!^o  produced  by  the   action  of  nitrous  acid   on   asparngin. 
shmeo  exiatinp  in  asparajius,  marsh-malhjw,  and  other  plants,  or  on  as]^ 
tio  acii],  an  tucid  formed  by  iLe  decomposition  of  asparagiu  under  tJae  infltt- 
ence  of  ocidt*  or  alkalies: 


•}s,-' 


I 


C.H.O,      + 
Malic  acid. 


tr 


=     c  ii,o. 

Malic  Hcid. 


N, 


Ai^parngin. 

Asp ar lie  acid, 

Malie  icid  \a  tbc  acvd  ot  iv^iv'Vc^.,  v^^^^^  ^^"^^^^  ^^^^^^^  oilier  fruiUi;  it  h 
oii^n  MiBOoiaied  wilb  ciinc  atuV*     Ktk  *£^<:0\<aiax  ^xvt«.^*  \w  ^T1t;^\^a^  it  i» 


20H.    + 
Oil,     + 


2N, 
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that  of  Everitt,  who  has  dcmonslrntccl  its  existence,  id  great  quftotity,  in 
the  Juice  of  ibe  common  gurden  rliubarb :  it  is  there  ftceotwpiuiicd  hy  acitl 
potfttf^ium  o^tilatQ.  The  rbuburb  stiilkd  are  peelLnl,  und  ^ound  or  };^rii(cd 
lo  pulp^  which  19  subjected  to  pressure.  The  juice  is  heated  to  the  boiling 
point,  neutralized  wilh  pota^t^ium  ciLi-bouLite,  and  mixed  with  oaleium  ace- 
tate:  insoluble  cjilcium  oxiahile  then  falls,  auiJ  mny  be  rerouved  by  hltra* 
tion.  To  iLe  clear  aud  uearlj  colorless  liquid,  solution  of  lead  acetale  IB 
added  as  loug  as  a  preeipitii^M}  coutinueu  to  be  produced;  and  (he  lead  ma- 
lole  h  collected  on  a  filler,  washed,  diffused  through  wnter,  and  decom- 
posed by  sulphuretted  hydrogen*  The  filtered  liquid  is  carefully  evap- 
orated lo  the  consistence  of  a  syrup,  and  lef1  in  a  dry  aimosphere  until  it 
becomes  converted  into  a  solid  and  yomewhat  crystalline  mass  of  nialio 
acid:  regular  crystals  have  not  been  obtitjne^l.  From  the  berries  of  the 
iB0iintaiii-a)4b  {Sorbu4  aucuporia)^  in  which  malic  acid  is  likewise  prescDt  in 
Considerable  quantity,  especially  at  the  time  they  begiu  Xo  ripen,  the  acid 
may  be  prepared  by  the  same  process. 

Malic  acid  is  colorlesa,  sligbily  deliquescent,  and  vory  soluble  in  water: 
alcohol  also  dissolreer  it.  The  aqueous  solution  has  an  agreeable  acid  laste: 
it  becomes  mouldy  iind  spoils  by  keeping.  In  contact  witb  ferments,  es- 
pecially of  putrefying  cheese,  it  is  decomposed,  yielding  succinic  aud  acetic 
acids  and  carbon  dioxide  : 

SCJfjOa  =  2C^n^0^   -f   CjH^O,    -\-     2C0,    -h     OH^ 
Sometimes  also  butyric  acid  ami  liydrogen  are  found  among  tbe  prottucta 
of  the  fermeatation.      Malic  acid  i>«  cun verted  inlo  {succinic  acid  hy  digest* 
ing  it  in  Meuled  tubes  with  hydriodie  acid: 

C,l(,0,     -f     2HI     =»    C.H,0.     +     Oil,    +     I, 
The  reconversion  of  succinic  into  malic   acid  has  been  already  mentioned* 
The    sodium-spiU   of  broniomalic  acid,  C^HjUrO^.  obtnine<i  by  boiling  on 
nqneous  solution  of  stodium  dibromosuccinate   ((.'^(IjNarSrjO^),  is  converted 
by  boiling  with  lime-water  into  the  calcium-salt  of  tartaric  acid,  t\lljO(; 
CJI^lVrOj      +       OIlj      =       IIBr      +      CJf^O,. 

Malic  acid  forms  both  acid  and  neutral  salts.  The  most  characteristie 
of  tbe  malates  are  acid  ftmmoniwn  malttte^  r,n.Oj-(Nn^),  which  crystnlUiea 
remarkably  well,  and  had  mriZ/i/f^  (.*^l1^(Kl*b''' .  3  Aq.,  which  is  insoluble  in 
pure  water,  but  dissolves  to  a  considerable  extent  in  warm  dilute  acid;*,  and 
separates  on  cooling  in  brilliant  silvery  crystals,  containing  water  Bj 
this  character  the  acid  may  bo  tHstinguiahed.  Acid  cairium  maiat&,  C^Ufl^ 
C»  ♦  C^IlJlj  .  H  Aq.,  is  also  a  very  beautiful  salt,  freely  soluble  in  warm 
water,  it  is  prepared  by  dissolving  Ihc  sparingly  soluble  neutral  malate  in 
Lot  dilute  nitric  acid,  and  leaving  the  i^olution  to  cool. 

Malic  acid,  tk9  it  exists  in  plantSt  and  aa  obiained  from  asparagin,  or 
from  aspartic  acid  produced  frofn  the  latter,  exerts  a  rotatory  action  on 
polariied  light  ;  [d]^=  —  o** ;  but  by  the  action  of  nitrous  acid  on  inactive 
nspiirttc  ncid  ( result ing  from  (he  decomposition  of  funiarimide),  Pasteur 
has  obtikined  a  modification  of  malic  acid  which  ia  also  optically  inactive* 


TRIATOMIC  AND  TRIDASIC  ACIDS. 

But  few  of  Ihcfie  acids  have  yet  been  obtained ;  the  most  important  aro 
aconitic  acid  and  carballylic  acid. 

•  If  tl]«  ii* If!  l*  Tf^nirM  pnn.%  rrTstnlliiwl  lead  mnlnto  miiitt  lit^  wiM,\\\*  Uf'aXA'^j  ^w^v^- 
UImI  wilt  Itivjirittl^ly  carrying  dowu  »  quautltj  uf  limo^  vi.\iic\i  ctmiM>\, \i«  T^tmwN^^i^  Xi'S  AsncvV^ 
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* 


Acoititi«  Acid.  CoHjO,  =r  {C^llfi^y^^[On)^  exists  in  monk's-ho&d  (J 
Ivm  Naprliu^)^  uucjl  olht^r  filaiUiJ  of  ihc  f^atno  gcuii:!,  abo  in  Equutium^ 
iiU^  %mi  IS  one  of  tliD  prodLicU  obtained  bj  the  debyd ration  of  citrie  i 
(p.  64J4). 

Wlu'ti  crystallized  oitric  acid  is  hentijd  in  n  retort  till  it  bef^ns  to  Keeo 
colored,  and  ta  undergo  decomposition,  and  the  fused.  giai»!4_v  product^  a/1  er 
coulingf  is  dissolved  in  water,  aconitic  acid,  on  evaporation,  r*r,it.it  ,  tx*  % 
ubite,  confusedly  crystalline  ntasi^^  pernittnent  in  ihe  air.  and  la 

in  water,  aleoliol,  and  ether;  the  solution  hau  an  acid  and  astrt  x** 

The  sails  of  aeonitic  acid  posscBa  but  Utile  interest;  that  of  iranum  tunat 
ftn  ini^oliible  gelalinoys  masa;  cairtHm  aconitaie^  which  ha*  a  certain  defre* 
of  solubility,  is  found  abuwdantly  in  the  expre«aed  juice  of  cioiik*»-liooii, 
and  mtignetium  aetmitate  in  that  of  equMttttm. 

Carhallylic  Acid,  C^lIgO,  =  {CJIjOa)'"!  OH),  =  (C^Jl^Y^'iCOE)^,  ti  pro- 
diiL'cd  hy  the  acJinn  of  im^oceiii  liydrogi'n  on  aconiiic  acid,  ami  by  Ui»i  of 
lUcoiioHc  potash  on  propenyl  trioyaniJc,  or  tricyunhydrin: 


Tricyanhydriti. 


-h  3R0U  +  SOIIj  ^  3Nn,  -f  tT,n,^'"(rf>  K\, 

CU;  fl 

II  forma  colorlcsa  irimeirie  crvfltftls  easily  soluble  in  wutci  i*tul  alcohol 
slightly  soluble  in  ether.  The  cnrballylnte«i  of  the  alkaU-metals  are  eanly 
ioluble  in  water,  the  rest  insoluble  or  sparingly  jsoliible.  The  ^th^tk  Hkrr^ 
(C-l!/>g)^^'(UC.^Hj)j,  is  a  liquid  boiling  between  296''  and  8U6*  C.  (W^*- 
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^ 


These  acifls  may  "be  derived  from  tetratomic  atcolioU  by  subsUtution  of 
one,  two,  Ihrce^  or  four  atoms  of  oxygen  for  a  corresponding  Dumber  of 
h/drogwn  molecules : 

CITjOH 

CHOH 


CH/)H 

I 
CHOH 

t'HOH 

CILOn 
Erytlirile. 


COOK 


CIIOH 

COOH 


:hoh 


CHOH 


COOR 

Erythric  acid  Tartaric  acid 

(monobasic).  (biba^io). 

has,  however,  been  actually  formed   by  ox  id 
alcoholi   namely,   erythric   acid,   C^ll^^Xy  fn 


Only  one  telratomio  acid 
tion  of  ihe  correiiponding 
eryihndi%  t^Hj^O^. 

The  knoun  telratomic  acids  are  OaUk  and,  C^HiO^.  and  Srytkrw  od^ 
C^H^O^,  which  are  monobasic;  Titrturie  add,  C^HgO,,  and  an  acid,  CjHgO^ 
humologou*^  witli  it,  obiuiiu'd  by  the  action  of  moiHi  i<;ilvi?r  oxide  on  dihrotiio- 
pyrolartaric  acid,  wbich  are  bibaBic,  and  Ci(ric  aridt  C(H,CJj»  which  ia  iri- 
basic. 

Opianie  aeid,  C,^H|^Oj,  Tlemipink  aeid,  C,,H^,Og.  and  Mtconie  &eid,  C,H,0^ 
arc  probmbly  alHo  tetrntomic  acids;  the  firjiL  being  monobMie,  tbo  aeoosd 
bibaiiic,  and  Uic  third  Lribiuiic, 

0*Uie  Aoi&,   C,H,04=^C,^^PV'\<3W^1^=.^.C^W^V•  lO«.  — Tliij  Mid 
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exieU  rendy  farmed  in  certain  pUnts,  ft«  piimftcb,  bellehore  roof,  the  aeorna 
of  Qftrreii*  sff/ilnpXy  green  and  bLtiek  tcii,»  iind  olli^ra;  it  is  iilso  produocd  by 
lUc  truuiiforuiAlioti  of  gallo-uiouio  acid,  and  is  therefore  fou?id,  logetlier 
with  the  Utter,  in  old  mit-galb.  A  Bolutioii  of  tuiuiic  licid  in  w&lor  exposttd 
to  the  air,  g^adiiuUy  deposits  orjHialu  of  gullic  acid,  fuimed  by  lUe  der^t ruc- 
tion of  the  tannic  Vicid.  The  eimpletti  meibod  of  preparing  givllic  ucid  in 
quantity  is  to  lake  powdered  uut-gullst  which,  when  fresh  and  of  good 
C|uaUiyt  contain  30  or  4tl  per  cent,  of  tannic  iicid,  with  scarcely  more  ill  an 
a  trace  of  gallic;  mix  ihia  powder  wiih  water  to  a  thin  paste,  and  expose 
the  mixture  to  tiio  air  in  a  warm  situuiion  for  I  wo  or  three  QK>utll^i|  iiddiug 
water  from  time  to  time,  to  replace  tliat  loyt  by  drying  up.  The  moultly, 
dark-colored  masa  thus  produced  may  then  he  strongly  pressed  in  a  cloth, 
and  the  solid  portion  boiled  in  a  con^^idernblc  quantity  of  water.  The 
filtered  Boliuion  deposits  on  cooling  abuiiilunce  of  gallic  acid,  whitdj  may 
be  drained  and  prcBse<l,  and  finally  purified  by  recrystallijiation. 

Gallic  acid  has  lately  been  produced  by  the  action  of  moist  ailver  oxide 
OD  dibromo-,  or  di-iodosalieylio  acini : 

C,H,Br,0,    Jr     OAg,     +     OH,     ^     2AgBr    +     C,IT,Oj; 

bence  it  may  be  regarded  ns  dioxy^alicylic  acid. 

Gallic  acid  fornix  umall,  featliery,  and  nearly  colorless  crystali,  which 
have  abeauliful  silky  lustre:  ihey  contain  i\H^i)r^.  Aq  :  it  requires  for  solu- 
tion ICKJ  part;!  of  coUl  and  imly  3  part^  uf  boiling  water;  the  solution  has 
an  acid  and  astringent  taste,  and  is  gradually  itecompo^ed  b)'  keepings 
Gallic  acid  does  not  precipitate  gelatin;  with  ferrous  salts  it  proclticea  no 
change:  but  with  ferric  salts*  it  forma  a  (kep  bluish-black  precipitate, 
which  disappears  when  the  liquid  is  heated,  from  the  reduction  of  the 
f«rno  to  ferrous  salt  at  the  expense  of  the  gallic  acid. 

The  «alta  of  gallic  acid  present  hut  little  interest;  those  of  the  alkali- 
metalH  are  soluble,  and  readily  destroyed  by  oxidution  in  presence  of  excess 
of  base,  the  solution  ac«|uiring  after  some  time  a  nearly  black  color;  the 
gallates  of  most  of  the  other  metals  arc  insoluble. 

Unllic  acid  hciited  to  about  21  o'*  C.  (411>°  F.)  \s  resolved  into  carbon 
dioxide  aud  pyroguUol  or  pyrogallic  acid,  Cjll/*^  (p.  570),  which  sublimes 
in  crystalline  plates. 

Gallic  acid  and  pyrogallic  acid  reduce  salts  of  gold  and  silver  to  the 
metallic  state;  It  is  on  this  property  that  their  application  in  photography 
depends. 

When  dry  gallic  acid  is  suddenly  heated  to  241>^  C.  (4TO^  F  ),  or  above, 
it  is  decomposed  into  carbon  dioxide,  water,  and  metat/allie  aeiU,  ^\\ifi^ 
which  remains  in  the  returt  as  a  block,  shining  mass,  resembling  chi*retial  j 
A  few  crystals  of  pyrogallic  acid  arc  frirrneil  ar  the  same  time.  MriagalUo 
acid  is  insoluble  in  waier,  but  dissolves  in  alkalies,  and  i.s  again  precipi- 
tated as  a  black  powder  by  the  nddirion  of  an  acid.  It  forms  in^^oluble  )>atta 
with  lead  and  silver.  Pyrogallic  acid,  hImo,  when  exposed  lo  the  requisite 
temperature,  yields  motagallio  acid,  with  separation  of  wftt^* 


Appendix  to  Gallic  Acid, 

TANNIC  ACn>S,  OR  TANNINa 

These  fiubstances  constitute  the  astringent  principles  of  plnnts,  and  are 
widely  diffuseii,  in  one  form  or  other,  through  (he  vegelable  kia^dQ\&>     \\. 
u  possible  that  there  may  be  sovoral  distinct  moiWtie&CvoTiti  (^^  V%\vcC\e.  %.c^^^ 
wkioh  di#er  tkmong  {lieinseJrea  iu  some  partku\ikT«i    tV^  <kft\T\w%tTaX  ^tvw- 
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ciple  of  oak-hark  anrl  nut-gnlla,  for  example,  in  fouuJ  to  preeipilmtt?  feme 
stills  Uluish'hlnok,  while  (liat  from  the  leaves  of  the  sumaefi  %t^<^  t^  n-r  ^nt, 
as  well  as  infusions  of  the  substances  known  in  commerce  un  afi 

of  kino  and  cxiteehtt,  are  remarkable  for  giving,  under  siiuilar  rn  ccf, 

prccipltales  which  have  a  tint  of  green.  The  color  of  a  precipii»ie  h^  b«w- 
ever,  too  much  iiiiluenced  bj  external  causes  to  be  relied  up^n  ««  a  froof 
of  essential  tiiff«renoo,     MorcoTeT»  the  tafinic  acid  or  acids-  >  fa« 

uncrystalliiable  ;  one  moAt  valuable  test  of  indiTidualitT  is  il  l 

After  (be  react iun  with  ferrio  «aU8»  the  most  characterif^in    m  >ff 

tannic  acid  and  ihe  other  a<^lringent  infusions  referred  to^  iet  that  o^   :   t 
ing  inifolublo  compounds  with  a  great  variety  of  organic,  ani 
animal  Bubntaneefl,  as  solutions  of  starch  and  gelatin,  stolid  in 
akin,  Ac,  which  then  BCi|iiire  the  property  of  resii^ttng  putri 
on  (his  principle  that  leather  i^  manufactured.     G&tlio  nold,  au  tii«  ooa- 
irarj,  i»  uBclcsd  in  tbe  operation  of  tanning. 

Ttiftnic  And  of  th(  Otilc,  Gallotannk  acid,  C„H-0„. — Tbia  stibslaAM  mmj 
be  prepared  by  Pelouie's  method,  from  nut-galls,  whicb  &re  exc^e<e«]ie«f 
produced  on  the  leaves  of  a  »pcciea  of  oak,  the  (^uercux  tf^rctoria^  hj  the 
pyricttire  of  an  insect.  A  glass  vessel, — having  i§ouiewbat  the  figure  ol  iJutt 
represented  in  Fig.  195,  ia  loosely  atop>ped  at  its  lower  ei- 
Ilff.iS6*  trcniity  by  a  bit  of  cotton  wool,  and  baU"  or  two-lbirds  fiUed 
wiih  powdered  Aleppo  guild.  Etbcr^  prepared  in  tbe 
niHuiii'r  by  rectiticatit^ni  and  containing  as  it  invuriabiy 
a  little  water^  m  then  poured  upon  the  powder,  and  tbe  v< 
loosely  stopped.  The  liquid,  which  after  aoine  lime  col 
In  tbe  receiver  below,  consic^ts  of  two  distinct  strata 
lower,  wiiich  is  almost  colorless,  ia  a  very  strong  fioluiios 
nearly  pure  tannic  acid  iti  water  ;  the  upper  oonsiatJi  of  ttkar 
boldiog  in  t^olution  gallic  acid,  coloring  matter,  and  oiberim* 
purttie^H.  The  cireJully  separated  heavy  liquid  is  placed  le 
cvapoiaLe  over  a  surface  of  oil  of  vitriol  in  the  vacutun  of  Um 
atr-puiiip.  Tannic  acid,  or  fanmn^  thus  obtained^  foirinfl  A 
slightly  yellowish,  friable,  porous  mass,  without  the  aligl 
tendency  to  crystallization.  It  is  very  soluble  in  waler« 
80  in  alcohol,  and  very  slightly  soluble  in  ether.  It  redi  ^^ 
litmus  and  poasesse»  a  pure  astringent  tast«  without  bitlit? 
iiesa. 

A  strong  solution  of  this  substance  mixed  mHh  mmvnl 
acids  gives  rise  to  precipitates,  which  consist  of  combinitioni 
of  the  tannic  acid  with  the  acids  in  question:  thi'  loiTiL^iandi 
are  freely  soluble  in  pure  \iaier,  but  nearly  lU!"  id 

liquids.     Gallotaniiic  acid  precipitates  albumin  -hn 

of  tbe  vegeto-alkulies,  and  several  other  substarn*  - 
soluble  compound!^  with  the  alkalies,  which,  if  e\'  « 
be  present,  rapidly  attract  oiygen,  and  become  i 
Btructioti  of  the  acid  ;  the  gnllot annates  of  Lariitm,  Mtrontiuii  :!  \ 
sparingly  soluble;  those  of  leud  and  antimoni/  are  insoluble,  i  ,  i 
are  uneharjged  by  solution  of  gallo-tnnnic  acid  ;  /erric  iafu,  on  the  eontriry, 
give  H'ith  it  a  deep  blutsb-black  precipitate,  which  is  the  basia  of  wriliai- 
ink  :  hence  the  value  of  an  infusion  of  ttnoture  of  nut-galls  a«  %  le«t  for  the 
presence  of  thai  motnl. 

itatlotiinnic  acid,  when  boiled  with  aeids,  asflimiUtea  waterg  sad  ipUii 
into  glucose  and  gallic  ucid: 

OaUtiiaTiUio  Qi*\\vt(i  <lluQoae. 
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n^'iUPk^  react  ion  tnkcs  place  on  h  coating  tannic  ftcid  with  a  concentraled 
■olillilio  of  potiii>li :  in  iJiis  cufse,  however,  thi'  ftigar  is  furlher  coavorLfMl 
ioio  glueic  ttoiU.  Nur-gulk  uuiihun  a  Icrincut  wliicL  induces  ilie  Bbme  de- 
coniuoHition  of  tannic  acid,  exciting,  at  iha  ^auic  lime,  aluoholio  fcruienln* 
tion  of  tlie  augar.  Giill*jjiinnic  ticid,  prepurt^d  by  il*e  nieiliudB  libovc  men- 
tioned, still  coniaina  a  autiicieut  quantity  of  the  lerujt'nt  to  produce  Lliis 
deconipodilion  when  the  acid  is  dissolved  in  water,  un<l  at  the  ordinary 
temperature:  it  ent^ues,  however,  much  marc  rapidly  on  addition  oj'  nut- 
galU.  If  this  fermentation  takes  place  in  the  prt;8eiii:e  of  air,  a  part  of  Ibe 
tannic  ncid  it*  converted  into  diatftc  acid^  t^H^VJ*  *^'^^  &ame  Huhytance^  ia 
found  in  the  innuluhle  residue  of  woudy  fihrv  uud  other  ruatterH  from  which 
gallic  acid  baa  been  withdrawn  by  boiling  water;  it  tuwy  be  extracted  by 
an  alkali,  und  afterward  precipitikted  by  addition  of  hydrochloric  iM;id,  su 
a  grayish  insoluble  powder. 

Tannic  acid,  clo:*ely  resembling  that  obtained  from  galk,  may  bfl  ex- 
tracted by  cold  water  from  catechu;  hot  water  dissolves  out  a  embatance 
having  feebly  acid  propertios,  termed  cattehin.  This  latter  compounds 
when  pure*  cryBtailiEes  io  fine  colorless  neeilleu,  which  melt  when  hentt-d^ 
and  dissolve  very  freely  la  boiling  water,  hut  Boarcely  at  all  in  the  cold. 
Catechin  dissolves  also  in  hot  alcohol  and  other.  The  aqueous  solution 
acquires  a  red  tint  by  exposure  to  air,  and  precipitates  Ivad  acetate  and 
corrosive  subliniate  white,  reduces  silver  nitrate  ots  addition  of  tupiiuoiiia, 
but  does  not  form  insoluhic  compounds  with  gelatin,  starch,  and  the  vegeto- 
ftlkaliea.  It  strikes  a  deep  green  color  with  ferric  salts,  Catechin  when 
heated  yields  pjrocatechin,  or  oiy phenol^  t^llif^a  (P*  5^-)>  Catechin  haa 
been  Tariously  represented  by  the  formuliE  C,MjpO^,  and  raFTgO^. 

Jitponic  and  i?HAiV  acids  are  formed  by  the  action  of  nlkuli  in  excess  opon 
cntechin,  (he  tr^t  when  the  alkali  is  in  the  caustic  state,  and  the  second 
when  it  is  in  the  state  of  carbonate.  Japonic  acid  is  a  black  and  nearly 
insoluble  substance,  noliible  in  alkalies  and  precipitated  by  acids;  it  ia 
perhaps  identical  with  a  black  substance  of  acid  properties,  which  Peligot 
obtained  by  heating  grape-sugar  with  barium  hydrate.  Rubic  acid  has 
been  but  little  studied;  it  is  said  to  form  red  insoluble  compounds  with  the 
earths  and  certain  other  metallic  oxides. 

Several  acids  closely  allied  to  tannic  acid  have  been  found  in  coffee  and 
Paraguay  tea. 

Opiame  Acid,  €^j^M^fi^,  is  a  monobasic  acid,  producedj  Logeiher  with  co- 
tarnine,  by  the  oxidation  of  narootlno : 


C„H^NO, 
Nitrcoime. 


+    0     = 


c,.n„NO, 

Co*arnine. 


Opianic  acid. 


It  cryfitaHixeft  in  thin  prisms,  slightly  soluble  in  cold,  easily  in  boiling 
water;  also  in  alcohol  and  ether,  melts  iii  340°  C.  (284"  F.).  Caustic  pot- 
aah  converts  it  into  meconin  and  hemipinic  acid : 


Opianic  acid. 


C„H„0, 
MccoQio. 


Hemipinic  acid* 


T£T&1TOMXO  AND  BTBA8T0  AdOfi. 


Tartaric    Acid,    C,IV\    ==    (r,M,0,)    (OH),    =   (<^.^i)*^(iTOJJ^^•- 
These  forraulm  in  elude  four  bi  basic  acidfi  diHtiuf,ma\i«i\  ttom  ^w^s  imnciVV*;^ 
by  certain  phy§icai  properties,  especially  by  tVicit  cT^aV^Vxu^  Iiittcsv*^  ^w\. 
ST 


^ 
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tThjtnr  action  on  polarized  light, —  natnelj,  Dexfroiartarir  ttdd^  wliicb  lifrmt 
the  |*laiu*  of  polnritaitori  «o  ilie  right ;  Ij^vofttrtarir  aetd.  which  turns  rt  loth* 
leR  with  equal  force ;  ParaUitfaTic^  or  Racemic  acid,  which  is  opticallj  iuie- 
tive,  and  se|mruble  inlo  emial  quantitiea  of  di*xtro-  ami  levolarfaric  ticidi; 
aud  ail  iouL-tivc  variety  of  tartaric  acid^  which  is  not  thus  ecparAble. 

Bexthotawtakjc  or  Obijjsa«y  Taetaric  Acii>»  —  This  is  Ihe  *fid  of 
grapes,  tanjurinds,  pioe  apples,  and  of  scver&l  other  fruiis,  in  which  il  ••- 
ours  in  the  »tnte  of  uii  acid  potn^iuio-eaK ;  calcium  tartrate  is  al«o  oc<»- 
Bionally  met  with.  The  tartaric  acid  of  commerce  is  wholly  prrparod  ftnai 
tartar  or  orgol,  an  Impure  acid  polussiym  tartrate,  depOi^lted  from  wims  or 
rather  from  grapo -juice  in  the  act  of  fcrmentiition.  This  £>ub»iatiee  i*  pu- 
rified by  Boluttcin  in  hot  water,  with  the  aid  of  a  lilUe  pipe-clny  and  aid- 
mal  charcoal,  to  remove  the  coloring  matter  of  the  wine,  and  subscqurjit 
cry^tullizatioii:  it  then  cunstLtutes  crtam  of  tartar,  and  «erTci$  for  ihf  prt- 
paration  of  the  acid.  The  salt  is  dissolved  in  boiling  wal4'r,  aud  powdtrt^ 
chalk  IS  added  as  long  as  effervescence  ts  excited,  or  the  liquid  eihJhitf  aa 
acid  reaction:  Cftkium  tartrate  and  neutral  pota!«i«inm  tartrate  result;  the 
latter  is  separated  from  the  former,  which  is  insoluhle  by  filtration.  The 
solution  of  potassium  tarlrate  \s  then  mixed  with  excess  of  calcium  chlo- 
ride, which  throws  down  all  the  remaining  acid  in  the  form  of  calcium- 
»ftlt :  this  is  washed,  and  added  to  the  former  portion,  and  the  whole  tf 
digested  with  a  siifRcient  quantity  of  dilute  j^ulphuric  acid  to  withdraw  the 
base,  and  liberate  tlie  tarlaric  ocid.  The  hliered  solution  i«i  cdultout^lj 
evaporated  to  a  syrupy  consistence,  and  placed  to  cryi(t4dliz«  in  n  wim 
situation.  Liebig  has  lately  found  thnl  tartaric  «Jid  is  arlilicimUj  |w©- 
duced  by  the  action  of  nitric  acid  upon  milk-sugar.  It  mikj  aUo  h%  ^h* 
talnod  from  succinic  acid. 

Suoclnlo  acid,  C^H/)!*  when  submitted  to  the  action  of  bromine,  yields 
two  substitution-producis^  bromosuccinic  acid,  C^H^BrO^,  a&d  .»  »-  - -^e- 
cinic  acid»  C^H^Br,/?^      The  latter,  when  treated  with  silver  <  if- 

enco  of  water,  is  converted  into  tartaric  acid  and  silver  bron.       .     ,  \Hf| 

Tartaric  acid  forms  coloiTess,  transparent  cryfttab,  often  of  laTg«  tlM^ 
which  have  the  figure  of  an  oblique  rhombic  prism  more  or  less  modified t 
they  are  permanent  in  the   air.  and  inodorous;  they  dissolve  with  gTMl 
facility  in  water,  both  hot  and  cold,  and  are  soluble  also  in  »1oohoh 
eoUilion  reddens  Htmn.s  strongly,  and   bas  a  pure  acid  taste.     The  aqn 
etolution,   as  above   mentioned,   exhibits  right-handed  polaritatkiii. 
tioliition  is  gradually  spoiled   by  keeping.     Tartaric  acid  is  coutitm* 
large  quantities  by  ihe  calico-printer,  being  employed  to  evolrc  «hto 
from  solution  of  bleaching-powder  in  the  production  of  ivhii«  or  dtt 
patterns  upon  a  colored  ground. 

Tartrate*. — Tartaric  acid  is  teiratomio  and  bibasic,  two  otilj  of  Us  h|- 
drOKen-aloms  being  replaceahle  by  metals,  the  other  two  by  alcoholic  ^r 
acid  nidicals.  Wilh  monad  nieiala  it  fornu*  acid  and  neuiral  fealts,  r.HjH' 
Og,  and  rjl^Mjt\;  with  dyad  melala,  neutral  salts,  <\H^>r'0^  and  tjoubli 
sails,  like  hario-pottAidc  tartrate,  rJl^litt'^O,.  C^H^KjO|.  Wilh  iriftd  mtUli 
it  forms  a  peculiar  class  of  salts,  best  known  iu  the  case  of  the  antwRMjr 
taii  (p.  675). 

Potass  I  rji  Tabthatis.  — The  nrtttral  mlu  C^H^KjO,,  msy  be  procured  ^ 

neutnitixing  cream  of  tartar  \vith  chalk,  as  in  the  preparation  of  Ui*  sdJ, 
or  by  adding  potassium  earbotiale  to  cream  of  tartar  to  salunition;  il  b 
very  soU»b\e,  and  erxMallites  witii  difBeuliy  in  right  rhombic  prisms,  wh\t^ 
lire  permanent  m  tVie  t\\r,  iww^\\ixxtt  ^^lV\Vfev,%%\\vvc  taste.  The  und  »att,  or 
tarn  q/  rartor,  l\lli\^0^,  iVie  ^T\i£\Xi  ^.u^  ^xv^^^T^xxwi  ^\  ^Vx^iia.  \j,vt«  bccs 
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already  described,  forma  small  transparent  <>r  transliicent  priarnftrfc  crysliila 
irreguUrlj  groupi^d  together,  wlncli  grato  belwiH*n  ili«  lp<?th.  It  dis* 
fioWes  preHy  freflj  in  boilings  vvatpr*  bi»i  ilie  gri»Hlpr  piiri  spparates  »»  the 
solution  cooliii,  leading  about  ^^^  or  Icm  dii*solved  in  the  cold  liquid.  TUo 
palt  has  an  ftcid  nvici ion  uod  ii  «our  tiisto.  Wlieri  trxpoj*ed  to  li^^jit  in  a 
close  Ycssel,  it  is  di-trtmnpoactl,  with  evolution  of  inlbiinrnuhlo  gus.  loii%'hig  a 
mittiire  of  finely'  divided  obrirconl  and  pnre  pntuswium  curbonaiw  ^Idack 
flux),  from  whitdi  ilit*  latter  may  bt*  extracted  by  water*  Cream  of  tartar  U 
almoat  always^  produced  when  tartaric  acid  in  itxcej»B  is  added  to  a  modor* 
ately  fitrong  solution  of  a  potaflHiuni-aaUt  and  the  whole  agitated. 

SoDiL'M  Tartrates. — Two  of  these  iiaUa  are  known — a  netUral  wUt 
C^H^NajOj  .  2  Aq. ;  and  nn  acid  gttft,  C^H^NuO^  .  Aq.  Both  are  easily  soluble 
in  water,  and  cry«  tall  liable.  Tartaric  acid  and  sodium  bicarbonate  form 
the  ordinary  efferTeaeing  draught!}, 

Fotatsium  and  xodium  tartrate  ;  HocHrlh  or  SngneiU  talt^  C^n^KNaD,  .  4  Aq. 
Tfaifl  beautiful  salt  m  made  by  neutralizing  with  sodium  carbooiue  a  hotiio^ 
lution  of  cream  of  tartar,  and  evuporaling  to  the  conaiatence  of  thin  eyrup. 
It  jjeparate.H  in  large^  transparent,  prii^nuiitic  cryf^tiil:^,  the  facL'H  of  which 
are  unequally  devidoped  :  thest?  efflorescf  Mligljtly  in  the  fiir,  and  dij^solve 
in  IJ  t»art3  of  cold  water,  AqUU  precipitate  ore  Jim  of  tart  a  i-  from  the  so- 
lution.    Koclielle  salt  baa  a  mild  satLne  taate,  and  ia  used  as  a  purgatlTe. 

Amxokium  Tartfatrp.  —  The  nfutral  tartrate  Is  a  soluble  iind  elHoreBoent 
salt,  eontiiiinng  (\Hj(Nn^)jO^.  Aq.  The  uad  tartraif,  iVI^fNll^)*)-,  closely 
resembles  ordinary  ereani  of  tartar.  A  salt  corresponding  to  Kocnclle  salt 
also  exifiti^t  biivtnir  ammonium  in  place  of  sodium. 

The  tartraten  of  cifcimn,  hanum,  sfrontiutn^  majnttivm^  and  of  moat  of' the 
lieaTy  motalsi  are  insoluble,  or  nearly  so,  in  water. 

PoTAMio-AJJTtwoNroi;s  TiRTnATE,  or  tartar  etfyJir,  is  easily  made  by  boil- 
ing antjniouy  Irioxido  in  solution  of  cream  of  tartar:  it  is  deposited  from 
a  hot  and  eonoeutratcd  solution  in  crystnls  derivfd  from  an  octohedron 
wirb  rbomhrc  bttse,  which  dissolve  without  derompnttition  in  1+^  parts  of 
cold  and  3  of  boiling  water^  and  have  an  acrid  nud  extremely  dinrtgreeaMe 
metiatlic  taate.  The  solution  is  decomposed  by  both  artda  and  alkalies:  I  bo 
former  throws  down  a  mixture  of  crcom  of  tartar  and  antimony  triaxide, 
and  tlie  latter  the  trioxide,  which  is  again  dissolved  by  great  excess  of  the 
reagent.  Sulphuretted  hydrogen  separates  all  the  antimony  in  the  state 
of  f  riw«ilphi«k.  The  dry  salt  heated  on  charcoal  before  the  blowpipe,  yields 
a  globule  of  metallic  antimony.  The  crystals  contain  2C\H|Kf\SbUjtl5-  Aq., 
the  group  SbO  acting  as  anaivaleut  radical,  and  replacing  one  atom  of  hy- 
drogen. When  dried  at  lt.tO°,  they  give  off  their  water  of  crystalliaatioM,  and 
at  2<KP  (\("l*.»ll^  F.),  an  additiond  molecule  of  water,  leaving  the  compound 
r^lJjK(8b(»)t>j,  whirh  has  the  couHiitution  of  a  salt,  not  of  tjirtarie.  hut  of 
tart  relic  acid,  (\n/)^  Nevertheless,  when  dif*.ioliried  in  water,  the  crystals 
agHin  take  up  the  elements  of  water,  and  reproiluce  the  original  salt. 

An  analogous  compound,  containing  arsenic  in  place  of  antimony,  has 
been  def*cribed.      It  hiis  tlie  same  crystalline  form  a^  tartar  emetic, 

A  solution  of  tartaric  acid  dissolves  ferric  hydrate  in  largy  ijuantity, 
fornnng  a  brown  liquid,  which  has  nn  acid  reaetioii,  and  dries  up  by  gvntle 
beat  to  a  brown,  transparent,  glassy  substance,  dt'stilute.  of  all  traces  of 
crystailiiation.  It  is  Tery  folubie  in  water,  and  the  solution  b  not  preci- 
pitated by  alkiilics,  either  fixed  or  volatile.  Jndet'd,  tartaric  acid,  added  in 
sufGeiunt  qunntity  to  a  solution  of  ferric  oxide,  or  ulumiua,  entirely  pre* 
vents  I  he  ]>recipitation  of  the  hanett  by  excess  of  ammonia.  Tartrate  and 
ammoniiical  tartrate  of  iron  are  uj^ed  in  niediciue,  tVi^i^  e.QTav^\i\:A%\v^Vv\v^ 
n  le«5  disagreeable  ta^tc  tljau  mo^t  of  the  iron  pTepikTuV\i>\\i&. 
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SolutionB  &f  tarJarlc  acid  give  wUli  lime  and  baryta* water,  i-nd  with  ItmA 
&G«tatf,  white  precifiitates,  wliicti  di>!8ol?e  in  excess  of  ibe  actcl ;  with  ncu* 
Iral  Galciutn  aud  barium-fiaUfi  no  cltang;c  is  produced.  SilTcr  iiitral«  pro- 
duces in  neutral  lartratt3»  a  white  precijniate  of  ailTer  tartr»le»  wbich  tli»- 
fiolvcs  in  iimnionia.  On  genlly  lu^nling  ihu  solution,  a  bri^lil  metallic  tic- 
poait  of  silver  is  formed*  The  reucrion  of  tartaric  acid  with  solutions  of 
potasstuiu-salta  haA  been  already  uuticod  (p.  290), 

TiiTtaric  EihetM.  —  K  Tartaric  acid  forms,  with  iiionatoroic  alcohol-radi- 
calB,  acid  and  neutral  ethers,  in  whiob  one  or  both  of  the  atoms  of  Ao»f  hy- 
drogen in  its  molecule  is  rep^Iaced  by  nn  alcohoLradicaL  These  com poun da 
may  be  conveniently  foruiulaled  aa  follows: 


(^.n,r{P>). 


(C^n^-^^fo^^.H,), 


Tartaric  acid.  Acid  ethyl  l-artnite.     Neutral  ethyl  tartrate. 

The  acid  cth<*ra  are  monobasic  acids,  formed  by  the  direct  action  of  tar- 
taric acid  on  the  respeeliTo  alcohols  ;  the  neutral  ethers  are  formed  by 
pn{<8iiif(  hydrochloric  acid  gas  into  a  solution  of  rnrtaric  acid  iu  an  alcohol 
Further,  by  treating  lhe»e  neutral  ethers  with  chlorides  of  acid  radieali, 
other  neutral  ether»  are  formed,  in  which  oue  or  more  of  tlie  alc<>bolie  hy 
drogcn- atoms  are  replaced  by  acid  radicttls.*  In  this  roayner  are  fomstd 
such  compounds  as  the  followltig: 

{c,n,)*'  j  oc,iLo         (c,H,)*^  I  oc;n;o     <^'{{^;';  I  {0,cJ\l,OJ'/ 


Ethyl  aceto-tartraie. 


Ethyl  aceto-henzo- 
Lurtraie. 


Ethyl  suociuo- 
tartrute. 


The  aleohnlic  hydrogen  in  these  neutrikl  ethen  may  be  replaced  by  pottth 

Slum  and  sodium. 

2  There  are  also  hihnitir  ffirtnrie  rthrrn  formed  by  rcplncuig  the  ftleoholk 
bydrogeti  of  tartaric  acid  with  acid  radicals;  €,  y. : 

Betizoiartanc  Diacetotartarlc  Din i trot  art ario 

acid*  acid.  acid. 

3.  Lastly,  tartario  acid  form*  etbera  with  glyeol,  glycerin,  manDtie,  gin* 
cose,  and  other  polyatotnto  alcohols. 

Arhi^nofhent  on  Turtane  Aeid.  —  When  cry»tallijied  tartaric  a«i<l  IS  «• 
prieefl  to  a  temperature  of  about  2(14**  C,  {Wm^  F*)»  it  melta,  loaaa  water,  tad 
yields  in  8»eceji}*ion  three  ditferent  atihydrideSt  vii. : 

DitartJiric  or  Tartrallo  acid  .         .         Cgn„On  t=  2C^HjO^  —  11,0 
Tartrtdic  acid    .  ,  »  »  1   ri  ti  n  n  it  rfi  u  i% 

Insioluble  tartaric  anhydride         .      /  '  4»V*s     —  t^ll.U^    —  WjU 

The  first  two  are  soluble  in  water,  and  form  Baltn  whicb  hare  prop*Tti«» 
completely  different  from  those  of  ordinary  tartaric  acid.  The  third  It  » 
white  inhohible  poivdcr.  All  three,  in  ctjiiiaci  with  water.  *ilowly  paM  ii«« 
or^diiinry  tartaric  aeid. 

Turtiiric  aeid,  Milyected  to  destructive  distillation,  i«  rceolTei]  inio  cw* 
bon  dioxide  amj  pyroinrtaric  acid,  ^^Jklfi., 

Wben  turlaric  ao\d  \% \iiiaU4 io 2«4G^  C.  (•lOO*'  P.),  with  excces  of  pota»» 

•  BerkUsCkHaia.%i».)cmtA'^\^A'«h. 
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mum  liydrnte*  it  U  resoWed,  wiLliout  charring  or  secontlnry  tlccoEiposilion, 
into  oxiitio  und  ticotic  auld^,  wl^icb  remuiii  iii  ntuou  h  iib  ihc  bu8C%  aod  i^nly 
undergo  (teooniposiiioQ  at  a  much  higUt^r  tempcraturti ; 

CJlfit    +     2KU0    =    C  KHO^    +     CJTjiKOj    +     20H, 
Tartaric  Acid  pota*-         PoinsHiuni 

acid.  Blum  oxalate.  acetute. 

PxBATVBTARic  OR  Racemic  Acii>. — Tb*  grapcs  cuUiTated  in  certain  dis- 
IrictH  of  th«  L'ppor  tihine,  unci  al^o  in  the  Vowgca,  contain,  in  lUHsociation 
w'llh  tarraric  aci<U  aitotbtu'  acid  body  to  wbich  the  above  nauica  arc  giveiu 
This  acid  is  ralbifr  lum  soUtble  than  tartaric  aciii,  unfi  sepuralt^s  firtft  from 
thti  .^obiiioii  (if  that  subatauco.  Between  thewo  two  acids»  bowi'vcr»  a  very 
great  rt«st?mbl mem  oxisls;  tbey  have  ©jcactly  the  awme  ot-mposition,  and 
yii'l  I,  wIm'U  Gsposud  to  beat,  tbc  same  pro*luclB;  tbf  waUa  of  rnLGiniti  acid 
correapurid  also,  in  the  tdosest  manner  with  the  tartrates.  A  j^oliitioti  of 
rauetnic  aciiU  bowover,  precipi^alt'S  a  neutral  eitlciuui-siilt.  wlucb  is  uot  tbo 
ca^e  with  tarhiric  acid.  A  solution  of  racemic  acid  does  uut  rotate  the 
ptan'?  of  polariziirinu. 

Raoomic  auiil  has  brien  the  subject  of  some  exceedingly  intoreRting  re- 
searobes  Uy  M,  Pastimr^  wbicb  hnvi?  Ibroirn  niutdi  light  upon  tJje  rebiliou 
of  this  acifil  to  ttvrtaric  acid.  If  racemic  acid  bii  Hiii.ru niti'd  with  potash,  or 
sola,  or  with  nwM  other  baaes,  cry.'*talM  are  obtained,  which  are  ideiitiuiil 
in  form  mid  pby-iical  properties.  By  stituraiing  racemic:  acid»  however, 
with  two  ba^e-H,  by  forming,  for  instance,  compoumls  corresponding  to 
KocboUe  salt,  which  contain  pota^8iuni  and  snclimm,  or  amnioninm  and  so- 
dium, and  allowing  thc»  aoluiloa  to  crystalliao  i^lowly,  two  varieties  of  crya- 
ialu  Arc  proiluccd,  which  mny  h<d  <liiitinguiplied  by  tlieir  furm,  each  of  them 
containing  bcmlbedral  faces  (p.  2G;1),  equal  in  number  and  exactly  Mimilar 
in  form,  but  dovelopiid  on  oppo>!iite  si'Ies  of  the  two  crystals,  so  that  each 
of  them  m  fcy  b?  regarded  as  the  reflected  image  of  the  otber^  or  a«  right- 
handed  and  loft-handed.  If  the  two  kinds  of  crystals  nro  carefully 
selected  and  separately  cry^<^t  alii  zed,  crystals  of  the  one  variety  onl}'  are 
d«»poslt.cd  in  each  case.  The  com  posit  ion,  the  specific  gravity »  and,  in 
fact,  mo"*!  of  thd  physical  properlies  of  lhei»e  two  varieties  of  ^odio-potas- 
»ic  raciin  ite.  are  invariably  the  same  Tbt'y  differ,  however^  somewbnt  in 
Iheir  chemical  characters,  and  especially  in  one  point:  they  rotate  the 
plana  of  polarization  in  opposite  directions,  Pa.Hieur  assumes,  in  the  two 
varieties  of  oryslals,  the  existence  of  two  modifications  of  ihc  same  acid, 
which  be  distinguishes,  according  as  the  salt  possesses  right- or  left-banded 
polarisation,  by  the  term^t  d-'jrtro-raer-mi'^  and  Uvo^racfmic,  or  deitro-  and 
Uvo-tiirlaric  acids.  Theso  acids  may  bo  separated  by  converting  the  obovo 
compounds  into  lead-  or  barium- salt s^  and  decompc^sing  them  by  means  of 
sulpburia  acid.  In  this  manner  two  crystalline  aeids  are  obtained,  identi- 
cal in  cv«ry  respect,  excepting  in  ibeir  deportment  with  polariied  light, 
and  in  their  crystals  being  related  to  each  other  in  the  manner  above  men- 
tioned. Dtfxtrotartanc  acid  is  nothing  hut  common  tartaric  acid,  A  mix- 
ture of  eq'ifil  parts  of  the  two  acids  has  no  longer  the  slightest  effect  on 
pohirized  light,  and  exbibita  in  every  respect  the  deportment  of  racemio 
acid. 

Pasteur,  in  contitiutng  his  beautiful  researches,  has  also  made  the  impor- 
tant discovery  that  racemic  acid  may  he  artificinlly  produced  by  the  actioa 
of  beat  upon  certain  compounds  of  tartaric  acid  which  are  capable  of  re* 
sistitig  a  high  temperature.  When  inrirfite  of  cinebonine  *  or  tartaric 
ether,  is  oxpoged  to  a  temperature  of  about  1711^  V.  flUiS^  F,),  and  the  pioduct 
ihu5  formed  is  repi.vite«lly  builed  with  water,  a  solution  is  obtained,  which, 
when  miJt<^d,  after  cooling,  with  an  excess  of  calcium  chloride^  ^leldja  «»<#^v^ 

*  Svt!  thi*  cbapUxr  on  Urguiic  1 
J7» 
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Bidorable  preeipiinte  of  calcium  moemftte.  Coiiiy>ouii<i«  of  lovotartaHc  i 
when  siiljuiitleiJ  to  (he  wctiori  of  bout,  likewise  turnisi]  raccmic  ik^hI. 
format  ion  of  raoemic  ticid  in  lliese  react  ions  is  uccompiioird  hy  tbe 
duct  ion  of  a  fourth  moditi  cation  of  tartaric  acid,  which  Pa.«t(fur  call*  tnac- 
the  tartaric  acid.  Like  racemic  acid,  it  has  no  action  on  polarized  Itgfct^ 
btii  cannot,  like  the  laiiijr,  be  nsaolvinl  into  levo-  and  dextroturtAHe  a^. 

EhoditoniG  Acid,  C^H^O^.^Whon  potasstum  is  heated  in  a  fttream  of  drj 
cuvbot^  monoxtdc*,  the  latter  ta  absorbed  in  large  quantity,  and  a  black  |i4if 
Otis  aiib»iance  generated,  wbicb,  accordtog  to  brodie,  eoittaitia  VQK^ 
Brought  in  contact  with  water,  it  dccotnposea  with  great  violence,  tad 
even  tlie  dry  t*ub}<tanco  occasionally  eiplodea;  when  anhydrous  akabc^l  is 
poured  upon  it,  a  greut  eleviition  of  temperuturc  ensues,  but  the  docom|uii- 
fiition  18  far  leaa  violent  than  with  water.  The  product  of  tbU  rcacli 
potassium  rhodiiouate,  which  remains  as  a  red  powder,  inaoluble  in 
bol,  but  soluble  in  water  with  a  deep  red  color.  Tbia  sail  probably 
tainji  CjH^K,0^. 

When  solution  of  potassium  rbodiznnate  ia  boiled.  It  becomes  onuige>jcI- 
low  from  decomposition  of  the  acid,  nn^i  is  then  found  to  oont^ta  m  free 
potash,  and  a  salt  of  Croeonic  ttcid,  Oall^Oj  Thiw  acid  can  bo  isolated:  it 
ih  yellow,  easily  crystalUzable,  soUible'boih  in  water  and  alcoboL  tt  ii 
likewise  bibaaiQ. 


TETRATOMIC  AND  TItlBASIC  ACtDa 


Citric  Acid,  OgFIgO,. — This  acid  is  obtained  in  large  quant itiei  from  tfct 
juice  of  lemou!4 :  ii  is  found  in  many  olhcr  fruits,  as  in  goo»cbcrrie».  car* 
rants.  &c.,  in  cotgunction  with  malic  acid.  In  the  preparation  of  this  s/etd. 
the  juice  is  allowed  to  fcrtnenl  a  short  time,  in  order  that  mucilage  and 
other  impurities  may  separate  and  subsiile:  the  clear  liqm<r  is  I  ben  care- 
fully witurated  with  cbntk,  whereby  insoluble  calcium  citrate  ig  produced. 
This  is  thoroughly  washed,  decotuposed  by  the  proper  quantity  of  vulpbU'^ 
ric  acid,  diluted  with  water,  and  the  filtered  i^olutiou  is  eTaporaled  to* 
small  bulk,  and  left  to  crystalliiBe,  The  product  is  drained  trxim  \ht 
motber-lii|Uor,  redissolved,  digested  with  animal  chan;oal,  and  agmin  con* 
ceutniled  to  the  cryslalliaLiug  puinl. 

Citric  acid  crystallizes  in  two  different  forms.  The  crystals  which  icpa- 
rate  by  spontaneous  evaporation  from  a  euld  saturated  solution,  are  iri- 
metric  prisms,  containing  'V^'^d'^T' *-^''r  whereas  those  which  are  depoiitt«d 
from  a  hot  soluliou  have  a  dilicrent  form  and  contain  :iC,  11^(1-.  Oil ,, — Ci- 
tric acid  has  a  pure  and  agreenhte  acid  ta»te,  and  dissolves,  with  grctit  eatfi 
in  both  hot  and  cold  water;  the  solution  strongly  reddens  tilnius,  aad* 
when  long  kept,  is  subject  to  Nponianeons  change.  Citric  acid,  wbei 
brought  in  contact  with  putrid  flesh  as  a  ferment,  yields  butyric  acid  ifttl 
smut]  quantities  of  succinic  acid.  It  is  entirely  deconipoi^ed  when  betted 
with  sulphuric  and  nitric  acids:  the  latter  converts  it  into  uialic  acid. 
Caustic  potash,  at  a  high  temperature,  resolves  it  into  acotie  and  oiabo 
ivcids.  The  alkaline  citrates,  treated  with  chlorine,  yield  oblorofornit  t*- 
gether  with  other  products. 

Citric  acid  is  tetratoiuic  and  tribnsic,  and  may  be  represc&feil  by  the 
mrr  n^  f «  MjOH 

formula  (t^ftfl/r'      ;,,\  „.     or    ,,,  ^  11,  .     It  has    not   yet    been  ob- 

iailied  by  any  ftyuiUeUeal  ^Ttae«6ft.    ^  vv\a  putomiana^^  IfxvvM  «.  neutral  salt 
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ooniaining  C^H^EjOf,  and  two  acid  salts  containing  respectWely  G^H^K^O. 
and  C^Hf  KOf ;  and  similar  salts  with  the  other  alkali-metals.  With  dyau 
metals  it  chiefly  forms  salts  in  which  two  or  three  hydrogen-atoms  in  the 
molecule  CgllgO^  are  replaced  by  metals ;  with  calcium^  for  example,  it 
forms  the  sails  C^Ufixx^^O^ .  Aq.,  and  {Offifii)jo^'\  •  Aq  With  had  it  forms 
two  salts  similar  in  constitution  to  the  calcium-salts,  and  likewise  a  teti^a- 
plumbic  salt  containing  {C^^fi^)J^W\.  Pb'^H,0,. 

The  citrates  of  the  alkali-metaU  are  soluble  and  crystallize  with  greater 
or  less  facility ;  those  of  barium j  strontium,  calcium,  lead,  and  tilver  are  in- 
soluble. 

Citric  acid  resembles  tartaric  acid  in  its  relations  to  ferric  oxide,  pre- 
venting the  precipitation  of  that  substance  by  excess  of  ammonia.  The 
citrate  obtained  by  dissolving  hydrated  ferric  oxide  in  solution  of  citric 
acid,  dries  up  to  a  pale-brown,  transparent,  amorphous  mass,  which  is  not 
TCfy  soluble  in  water ;  an  addition  of  ammonia  increases  the  solubility. 
Citrate  and  ammonia-citrate  of  iron  are  elegant  medicinal  preparations. 
Very  little  is  known  respecting  the  composition  of  these  curious  com- 
pounds :  the  absence  of  crystallization  is  a  great  bar  to  exact  inquiry. 

Citric  acid  is  sometimes  adulterated  with  tartaric  acid:  the  fraud  is 
easily  detected  by  dissolving  the  acid  in  a  little  cold  water,  and  adding  to 
the  solution  a  small  quantity  of  potassium  acetate.  If  tartaric  acid  bo 
present,  a  white  crystalline  precipitate  of  cream  of  tartar  will  be  produced 
on  agitation. 

Citric  acid  forms  ethers  in  which  1,  2,  or  3  hydrogen-atoms  are  replaced 
by  methyl  and  other  monad  alcohol-radicals. 

Meconic  Aeid,  C^H^O^,  a  tribasic  acid  existing  in  opium,  may  also  be  de- 
scribed here.  To  prepare  it,  the  liquid  obtained  by  exhausting  opium 
with  water,  is  neutralized  with  powdered  marble  and  precipitated  by 
calcium  chloride ;  and  the  calcium  meconate  thus  precipitated  is  sus- 
pended in  warm  water  and  treated  with  hydrochloric  acid ;  on  cooling,  im- 
pure meconic  acid  crystallizes,  which  may  be  purified  by  repeated  treat- 
ment witli  hydrochloric  acid.  The  pure  acid  crystallizes  in  mica-like 
plates,  easily  i*oluble  in  boiling,  difficultly  soluble  in  cold  water,  soluble 
likewise  in  alcohol.  The  crystals  contain  C,H^0^.3  Aq.  and  give  off  their 
water  at  100°.  The  meconates  are,  for  the  most  part,  mono-  and  bi-mctal- 
lic.  There  are  two  silver  meconates^  one  yellow,  containing  CfUAg.Of ;  the 
other  white,  consisting  of  C^HjAggO^.  Meconic  acid  prepuces  a  deep  red 
color  with  ferric  salts. 

CoMENic  Acid,  C^H^Oy  is  a  product  of  decomposition  of  meconic  acid. 
When  an  aqueous,  or,  better,  a  hydrochloric  solution  of  meconic  acid  is 
boiled,  carbon  dioxide  is  evolved,  and  the  solution  now  contains  comenic 
acid,  which  crystallizes  on  cooling,  being  very  difficultly  soluble  in  cold 
water.  The  same  acid  may  be  obtained  by  heating  meconic  acid  to  200°  C. 
(392°  F.).  It  is  bibasic:  its  formation  is  represented  by  the  equation 
C,HA  ==  CeH,(),  -f  CO,. 

Pyromeconic  or  Ptbocomenio  Acid,  Cfifi^,  is  a  monobasic  acid,  formed 
by  submitting  either  comenic  or  meconic  acid  to  dry  distillation,  ouc  mole- 
cule of  carbon  dioxide  being  evolved  in  the  former  case  and  two  in  the 
latter. 

Pyrooomenic  acid  is  a  weak  acid:  it  is  soluble  in  water  and  alcohol: 
from  these  solutions  it  crystallizes  in  long  colorless  needles,  which  melt  at 
120°  C.  (248°  F.),  and  begin  to  sublime  at  the  boiling  point  of  water.  Both 
comenic  and  pyrocomenic  acids  exhibit  the  red  coloration  wvVVv.^^tVx^^'^^v^- 

The  salts  of  meconic  acid  and  comenic  acid,  io|^etVi^T  >w\Wi  «»«s^t>8^.  ^<e.TVH%.- 


680  PENTATOKIO   ACIDS. 

iWefl  of  these  subsUnces,  haTe  been  studied  by  Mr.  How,*  bat  our  spaee 
will  not  permit  ua  to  describe  these  compounds. 

An  acid  much  resembling  meconic  acid  has  been  extracted  from  the  Cke- 
lidonium  mttj'us:  it  is  combined  with  lime,  and  associated  with  malic  and 
fumaric  acids.  Chelidonic  acid  is  Iribasic,  forming  three  dasaes  of  salts. 
When  exposed  to  a  high  temperature,  it  jields  a  pyro-acid,  with  erolutioa 
of  water  and  carbon  dioxide.  It  crystallizes  in  slender  colorless  easily  sol- 
uble needles,  containing  CyII^O^  .  Aq. 


PENTATOMIC  ACIDS. 

There  is  but  one  known  acid  that  can  be  referred  to  this  group,  namely: 

Qoinic  or  Xinic  Acid,  C^Hi^O^  which  is  monobasic,  and  may  perhaps  be 

represented  by  the  formula  (C^H^)' j  k^  ^f. — The  calcium-salt  of  this  acid 

is  found  in  the  solution  from  which  the  alkalies  of  cinchona  bark  hare  been 
separated  by  lime,  and  is  easily  obtained  by  evaporation,  and  purified  by 
animal  charcoal.  From  the  calcium-salt  the  acid  may  be  extracted  by  de- 
composing it  with  dilute  sulphuric  acid.  The  clear  solution  evaporated  to 
a  syrupy  consistence  deposits  large,  distinct  crystals,  resembling  those  of 
tartaric  acid,  and  soluble  in  2  parts  of  water.  Quinic  acid  has  also  been 
found  in  coffee-berries  and  in  the  leaves  of  the  bilberry-bush. 

When  quinic  acid  is  heated  with  a  mixture  of  sulphuric  acid  and  manga- 
nese dioxide,  it  yields  a  very  volatile  substance  termed  quinone,  the  vapor 
of  which  is  exceedingly  irritating  to  the  eyes.  This  bo<ly  forms  crystalfs 
both  by  sublimation  and  by  solution  in  boiling  water:  it  melts  at  a  gentle 
heat,  crystallixes  on  cooling,  colors  the  skin  permanently  brown.  It  con- 
tains Cfll^O,,  and  its  formation  is  represented  by  the  equation: 

CtH,^     -\-     0,    -^    C,II,0,     -f     CO,    -f     411,0. 

By  destructive  distillation,  quinic  acid  yields  numerous  and  interesting 
products,  which  have  been  studied  by  Wohlcr,  as  benzoic  acid,  phenol,  sa- 
licylol,  benzene,  a  tarry  substance  not  examined,  and  colorless  hydroquinone^ 
CjlIgO^  containing  2  atoms  of  hydrogen  more  than  quinoue.  This  sub- 
stance forms  colorless  six-sided  prismatic  crystals  ;  it  is  neutral,  destitute 
of  taste  and  odor,  fusible,  and  easily  soluble  both  in  water  and  in  alcohol. 

Colorless  hydroquinone  can  bo  easily  and  directly  produced  from  qui- 
nonc  by  assimilation  of  hydrogen,  as  by  addition  of  hydriodic  acid  to  a  so- 
lution of  the  latter,  iodine  being  then  set  free,  or  by  sulphurous  acid. 

An  intermediate  product  of  reduction  is  grom.  hi/droqii money  or  quinhy- 
dronty  CijHj^Oi.  This  is  obtained  by  the  incomplete  action  of  sulphurous 
acid  upon  quinone,  or  by  the  action  of  ferric  chloride,  chlorine,  silver  ni- 
trate, or  chromic  acid,  upon  colorless  hydroquinone  ;  or  by  mixing  together 
solutions  of  quinone  and  colorless  hydroquinone.  It  forms  slender  green 
crystals,  having  the  color  of  the  wing-case  of  the  rose-beetle,  and  of  the 
greatest  brilliancy  and  beauty.  It  is  fusible,  has  but  little  odor,  and  dis- 
solves freely  in  boiling  water,  crystallizing  out  on  cooling. 

If  quinic  acid  be  submitted  to  distillation  with  an  ordinary  chlorine-mix- 
ture, an  acid  liquid  and  a  crystalline  sublimate  are  formed.  The  former 
is  a  solution  of  formic  acid,  and  the  latter  a  mixture  of  four  chlorinettcd 
compounds,  which  are  chloroquinoDC,  C^lIjClOj,  dichloroquiuone,  CgH/'LO- 
trichloroquinono,  C^IIC1,0,,  and  tetrachloroquinonc,  C,C1/),.     They  aro'aU 
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yellow  crystJilHni*  subatnnces,  which  cuii  tie  scpiirated  onlj  with  great  tliffi- 
culty.  Like  c[in[iorin3!  iiwelf,  tbt'j  posscf^s  the  fsteulty  of  combinirig  with  1  or 
2  Atoms  of  hydrf>gcn,  producing  two  series  itf  Biibataneea  mmhigou^  to  green 
and  (2(jloriesi)  hydruiitiinone.  Ti^rruuhloroquinonet  belter  kiinvvn  by  the 
name   chloranil^  likewise  occurs  aiuiong  the   products  of  di-cotupoi^itkiii  of 

Otiier  products  jire  obtained  by  the  action  of  sulphuretted  hydrogen  and 
dtrotig  hydrijchloriu  acid  upoo  i|uinone. 


HEXATOMIO  ACIDS. 


Tbreo  aoids  of  tbis  cIasb  are  known;  niimcly,  mannitio,  iaecliario,  and 
inuci<:  acids,  all  of  which  app-eur  to  be  bihasie* 

Manuitic  Acid,  CjHi/)^,  is  produced  by  oxidation  of  mannite,  ^\llyfl^ 
under  Ihu  influence  tif  pliitinuin  bhick.  It  is  a  gummy  inuss,  soluble  in 
water  and  in  alcohol,  insoluble  in  ether.  According  U>  its  eon^titutioti 
(p.  573)  it  might  he  expected  to  be  iriouobjiaic,  but  from  the  observations 
of  Cterup- Be  annex,  whi»  discovered  it,*  it  uppenrs  to  be  tiilmific,  ita  potas* 
Bium-salt  containing  C^jlIj^jICjOj,  and  the  culcinm-ijiilt,  i\\lyJ2Q.^^0j, 

Baccliario  Acid,   ^J^V^fi^  =  {^t^^i\''^\fi\^\s  *  — This  acid  ia  produced 

by  the  action  of  dilute  nitric  acid  on  cane-i^ugjir,  glucose,  niilk-KQgar,  and 
mannite,  ami  is  often  formed  in  the  preparation  of  oxitlic  ticid,  beiug,  from 
its  superior  aolubility^  found  in  the  motbcrdiquor  from  which  the  oxalic 
aoid  has  crystallixed.  It  iniiy  be  made  by  heating  together  I  part  of  HUgar, 
2  part^  of  nitrio  acid,  and  10  parts  of  water.  When  the  reaction  seems 
teriftinated,  the  acid  liquid  i^  diluted^  neutralized  with  chalk,  and  the  fiU 
tercd  liquid  ts  mixed  with  lea<!  acetalc.  The  insoluble  lend  sticchnrute  ia 
wai^hed,  and  decomposed  by  sulphuretted  hydrogen.  The  acid  slowly  crya- 
taUizc:!  from  a  Bolutioti  of  syrupy  conaiMtetice  in  long  colorless  needle*;  it 
has  a  aour  taste,  and  forms  Holuble  salts  with  lime  and  baryta.  When 
mixed  with  silver  nitrate  it  gives  no  precipitate,  but,  on  the  addition  of 
amttiouia,  a  white  insoluble  ftnbalarico  separates,  whieh  i»  roduoed  by  gently 
waniiitig  the  whole  to  metallic  silver,  the  vessel  being  lined  with  a  amooih 
and  brilliaut  coating  of  the  metal  Nitric  acid  converts  saccharic  into  oxalic 
ftcid. 

There  are  two  pot<M9inm  JiacchartttfJip  eoDtaining  r,H,KOp,  and  CgH^KjO^; 
the  atlerr-^alt  con  tain ■*»  t^j.ll^AgJ)^;  tbe  hnrium,  mtitjnfsium,  ri>nr,  and  ctttlmium 
salts  have  the  com  position  <  'gH^Xl  "0  ;  and  there  are  I  wo^fAv^t'  nhtrs,  contain* 
iig  ^Vff*  J^^s^'^^  '*^"*  ^'fll^sC  ■I'l^slj'^ii  I"  Ihcae  compounds  nacchoric  acid 
appear;*  to  he  hihaisic,  a»  might  be  expected  from  its  mode  of  formation 
(p  57-1);  the  composition  of  the  lead-sallii,  however,  neema  to  ghovv  that  it 
ifl  aaxbjwic  si»  well  as  hcxatouitc,  for  Heintz  hft,^  obtaincil  a  leiid-siilt  con- 
taining C^II^Pb^'j^Oj;  but  the  composilion  of  the  lead  sacchtirntea  varies  con- 
Biderably  according  to  the  manner  in  which  they  are  prepared. 

Muoic  Acid,  (\lf  to*V — '^^'^  acid,  isomeric  with  saccharic  acid,  is  produced, 
logettier  with  a  small  quantiiy  of  oxalic  acid,  by  the  action  of  rather  dilute 
nitric  acid  on  sugar  and  gum.  It  may  he  easily  prepared  by  hearing  to* 
gether  in  a  flask  or  retort,  1  part  of  milk-sugar  or  gum,  4  jmrts  of  nitric 
acid,  and  1  part  of  water;  the  mucic  acid  is  afterward!*  coUecfed  upon  a  filler, 
Washed   and   dried.     It  has  a  gllghtly  sour  taste,  and  reddens  Yeig&lakbl<!^ 

♦  Ann.  Ch.  Phftnn,  cxviil.  %^, 
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Mlora.  It  requires  for  solution  66  parts  of  boiling  water.  OQ  of  Titriol 
di»«oWe8  it,  with  production  of  a  red  color.  Mucio  acid  is  decomposed  bj 
heat,  yielding,  among  other  producta,  jfyramude  add,  C.H^O^  which  is  vola- 
tile,  soluble  in  water,  and  crjstallizes  in  a  form  resembling  that  of  benioie 
acid. 

Miicic  acid  is  bibasic,  yielding  for  the  most  part  neutral  salts  containhig 
C^HjMjOgand  C^H8M''''0g;  with  the  alkali-nictnls  it  al mo  fornix  acid  nits, 
puch  as  C^H^KOg.  There  arc  also  mucic  ethers,  coniainiug  uue  and  two 
oquiyalents  of  monad  alcohul-radical.    . 


8ULPH0-ACIIM1 


This  name  is  applied  to  a  group  of  acids  formed  fkt>m  hydrocarbons,  al- 
cohols, acids,  and  amides,  by  the  action  of  fuming  sulphuric  acid  or  sul- 
phuric oxide.  They  contain  the  elements  of  a  hydrocarbon,  an  alcohol,  or 
an  acid,  combined  with  one  or  two  molecules  of  sulphuric  oxide,  and  may 
be  regarded  a?*  derived  from  hydrocarbons,  alcohols,  and  acids  by  substitu- 
tion of  the  univalent  radical,  SO3H,  for  hydrogen;  thus,  sulphacetic  acid, 
C.ILSO.,  has  the  composition : 

H  C    S    0    O    OH 
C,n^O, .  so,,  or  Cnj(SO,H) .  CO,H,  or  *  J 

0  =  C— OH. 

The  sulphur  in  these  acids  is  in  immediate  combination  with  the  carbon; 
in  this  rcHpect  they  differ  from  sulphuric  ethers  (p  50i)),  in  which  the 
sulphur  is  united  with  carbon  only  through  the  medium  of  oxygen. 

SuLPHACKTic  Acid  is  produced  by  digesting  glacial  acetic  acid  with  sul- 
phuric oxide  at  G0°-7o°  C.  (l40°-lr»7°  F.)  for  Kcvorol  days.  The  aqueous 
solution  of  the  mass  saturated  with  barium  or  lead  carbonate  dcpositi*  a 
crystalline  barium  or  lead-salt,  containing  respectively  (.•,H,Ba'''SOj  .  U  Aq. 
and  CjIi^Pb^^SO}.  From  these  salts  the  acid  may  be  obtained  by  means 
of  sulphuric  or  sulph-hydric  acid.  It  is  bibnsio,  since  it  contains  two  equiv- 
alents of  hydroxyl  in  immediate  associnlion  with  oxygen,  one  belonging 
to  the  group  CO,l{.  the  other  to  the  group  SOjII. 

When  sulphacetic  acid  is  subjected  to  the  prolonged  action  of  fuming 
sulphuric  acid,  carbon  dioxide  is  evolved,  and  diiulphomt-tholic  or  methionK 
acid,  Cll4(S(),)g,  or  CnjfSOjH),,  is  formed,  which  is  also  bibasic,  and  may  be 
derived  from  methane,  CA\^^  by  substitution  of  ^SO,!!  for  11^  The  product 
diluted  with  water  and  saturated  with  barium  carbonate,  yields  a  beauti- 
fully crystallized,  and  rather  sparingly  soluble  barium-salt,  containing 
Cn^SjOjBa'^;  from  this  salt  the  acid  may  be  separated  by  sulphuric  acid. 

Both  sulphacetic  and  disulphometholic  acids  may  be  produced  by  the 
action  of  fuming  sulphuric  acid  on  acetamide  or  on  acctonitrilc,  the  former 
when  the  mixture  is  kept  cool,  the  latter  when  the  temperature  is  allowed 
to  rise,  carbon  dioxide  being  then  given  off;  thus: 

C,H,N     -f     Oil,     -f-     2S0,II^     =     SO^H(NH,)     -f-     CjH.SOj 
Aoetonitrilo.  Sulphuric  Acid  am-  Sulphacetic 

acid.  nionium  acid. 


C,H,N    4-    8S04n,    =    S0JI(NIl4)     -f    CILSO,    -f     CO, 
Aoetonitrile.  Disulpho- 


sulpliute. 

-h     CIlv 
Di8ul_ 
m«t.hoUQ  acid. 
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Witli  aeetamide,  C.H,ONHy  which  differs  ft'om  acetonitrile  only  by  the 
elements  of  water,  the  two  reactions  are  exactly  similar. 

SuLPHOPROPioNic  Acid,  C,H.(S03H)  .  CO,H,  and  Disulphetholic  Acid, 
C,H^(S03H)j.  are  prepared  in  the  same  way  from  propionic  acid,  propiona- 
mide,  or  propionitrile. 

StTLPHOBENZoic  AciD,  C,H4(S0jH)  .  CO,H,  is  produced  by  the  action  of 
snlphuric  oxide  on  benzoic  acid  ;  also,  together  with  disulphobenzolic  acid, 
Celf^CSOjH)^  by  that  of  fuming  sulphuric  acid  on  benzonitrile  or  phenyl 
cyanide,  CyH^N.  Both  are  bibasic.  SulphobenzoUc  €tcid^  C,H5(S0,H),  is  pro- 
duced, together  with  sulphobenzide,  C^HjoSO,.  by  the  action  of  sulphuric 
oxide  on  benzene.  On  mixing  the  resulting  yiscid  liquid  with  a  large  quan- 
tity of  water,  the  sulphobenzide  is  precipitated  as  a  crystalline  powder, 
while  sulphobenzolic  acid  remains  in  solution,  and  may  be  obtained  in  the 
crystalline  form  by  converting  it  into  a  copper-salt,  decomposing  the  latter 
with  sulphuretted  hydrogen,  and  evaporating.  It  is  monobasic,  and  forms 
soluble  salts  with  the  alkali-metals,  barium,  iron,  copper,  and  silver.  By 
the  prolonged  action  of  fuming  sulphuric  acid,  it  is  converted  into  ditulpho^ 
bemoUo  add,  Cfi^(^Ofi)^ 

SULPHONAPHTHALIC  AciD,  C,oHf(SO,H),  and   DiSULPHONAPHTHAUC  AciD, 

CjoHf(SO,H)2,  are  produced  by  melting  naphthalene  with  strong  sulphuric 
acid  or  sulphuric  oxide.  By  neutralizing  the  aqueous  solution  of  the  pro- 
duct with  barium  carbonate,  concentrating,  and  adding  alcohol,  the  disul- 
phonaphthalate  of  barium  is  precipitated,  while  the  sulphonaphthalate  re- 
mains dissolved.  By  using  a  large  excess  of  sulphuric  acid,  and  applying 
a  strong  heat,  nearly  the  whole  of  the  naphthalene  is  converted  into  diitul- 
phonaphthalic  acid.  Both  these  acids  are  crystalline,  and  form  soluble  and 
crystallizable  salts;  sulphonaphthalio  acid  is  monobasic;  disulphonaph- 
thalic  acid  bibasic. 

Isethionie  acid^  C,HfS04,  ethionic  aeid^  0,11^8,0^  and  ethionk  oxide,  or  <mAy- 
dridty  Cfi^fi^,  produced,  as  already  mentioned  (pp.  518,  627),  by  the  ac- 
tion of  sulphuric  oxide,  or  fuming  sulphuric  acid,  on  alcohol  and  ether, 
likewise  belong  to  this  class  of  bodies,  and  may  be  represented  by  the  fol- 
lowing formuln,  which  show  that  isethionie  acid  is  monobasic,  ethionic  acid 
bibasic,  and  ethionic  oxide  neutral : 

HXH  H,C— SO-H  H„C— S— O— O 

A  A  A       i 


H.C— SO,H 
Isethionie  acid. 


H,C— 8 


-SOjH 
Ethionic  acid. 


H,C— S— O— 6 
Ethionic  oxide. 


ALDEHYDES. 

These  are  bodies  derived  fVom  alcohols  by  elimination  of  one  or  more 
molecules  of  hydrogen  (H,),  without  introduction  of  an  equivalent  quan- 
tity of  oxygen,  so  that  they  hold  a  position  intermediate  between  the  alco- 
hols and  the  acids ;  thus : 


CH, 


CHjOH 
Ethyl 


CH, 

COH 

Acetic 

aldehyde. 


CH, 
COOH 
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ttnti    1U1L  I 


The  hydrog;eo  climinalcd  m  the  conTcrsion  of  wo.  alcohol  ir 
that  which  is  in  immediate  connection  wHh  the  hjdroxjl,  oi 
|to  tlie  ^roiip  CH/>H;  cont^equeuily  n  tDonutomic  alcohol  csn 
[ahlehy<lc;  but  a  diatomic  ttlcoliol  can  yieKl  two,   bj  subsiitiitton   of  0 
^H,,  and  of  Oj  for  2H,;  tt  tritiiomiu  alcohol  three,  and  90  oil.     At  pr 
however,  we  are  acquainted  only  with  ftldebjdes  deriYed  from 
and  diatomic  tilcoholft. 


AMekydei  derivfid  from  Konatomie  AleohoU^ 
Of  thoflo  nldLVhjdes  four  nerios  nre  known,  tix.  : 

1,  AldehydeMy  CqII^O,  corrapondiHg  to  tht  FoUp  acitb* 


Ciiproio  Hldehyde 
(Bnunthylic  afdehyde 
Cap r;^ lie  aldehyde     . 
Euodio  aldehyde  * 


C..1C0. 


Formic  aldehyde      .  .  (*n,0 

Acetic  uldebyde  *     .  .  C^H^O 

Propionic  nhJehyde  ,  C^JIgO  I 

Butyric  iiMehyde     .  .  C^U/)  \ 

Vftleric  aldehyde     .  .  C\n^jO  | 

2,  Atdiht/de*,  CaH^_,0»  ccrrtfpondmff  to  tht  Acr^lk  t 

Acrylic  alJehydc,  or  Acrolein  .         .         CJRfi, 

3.  Ahfeh^/dts^  CnH|n_(0»  torrexpondin^  to  the  Arcmatie  actdx. 

.  c,n,o 
.  <vno 
■      »^»»,,o 

.        C..H.O. 


Benzoic  aMehyde,  or  BiLLer*alinond  oil 
Toluio  aldehyde       .         .         *         . 
Curoio  aldehyde       ...» 
Sycocerylic  aldchydo 

.nO. 


4.  Aldehydes,  CHj, 
Cinnamic  aldehyde         .         «         .         .         ,         CpTIfO.  V 

All  these  aldehydes  contain  two  atoms  of  hydrogen  less  than  the  c^rre- 
epomling  (ilcohok,  and  one  atom  of  o:iygeti  leaa  than  the  corre8|>onding 
ftcida. 

They  are  produced  :  —  L  By  oxidation  of  alcohols,  either  hy  the  ftctioft 
of  iitniospheric  oxygen*  or  by  that  of  a  mixture  of  dilute  sulphurie  acid  ifid 
potaesiuiu  bichronutie  or  ntanganeisc  dioxide,  or  by  the  action  of  chhinp« 
on  the  alcohol  dUiited  with  water,  the  ehlorine  in  this  case  depottipuMJi| 
the  water,  nnd  tbua  nctiog  as  an  oxidizing  agent. 

2.  Hy  ditctillm^  an  intimate  mixture  of  the  potaastuui-ttaU  of  the  eoi 
tponding  acid  with  potasi^ium  formate  ;  «.  g. 


COrn,(OK) 

Potassium 

acetate. 

J*ntjb»sium 
botiioate* 


+ 


CnH(OK) 
Potasitittm 
furmntc. 


__     rnnKA 


4-     COfl{OK)     =     CQ(OK),    + 


A- 

itld.'!:, 

C-H.   COH 

Benioie 
aldehyde* 


1 


S.  By  ihe  action  of  nascent  hydrogen  fevolred  by  th«  aetion  of  dry  tij- 
drochlorio  acid  gas*  on  sodium  amalgam)  on  the  cyanidet  of  Mid  mdioab 

C,H^OrN        4,        H,        =         CNll        -f        C^H,0 
BenioyV  ^-jdvooyanro  Benioio 

oyttnid«.  v&v^.  iauli»^^d«. 


A 
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Properiiet,  —  The  following  properties  are  common  to  all  the  monatomio 
aldehydes : 

.  1.  They  easily  take  up  oxygen^  and  are  conTerted  into  the  corresponding 
acids. 

2.  When  fused  with  potash^  they  are  oouTerted  into  the  corresponding 
acids,  with  evolution  of  hydrogen:  e.  g, : 


+ 


KOU        = 


C^HjKO, 
Potassium 
benzoate. 


H^ 


Benzoic 
aldehyde. 

8.  Natemt  hydrogen^  evolved  by  the  action  of  water  on  sodium  amalgam, 
converts  them  into  the  corresponding  alcohols;  e.  g.,  C,H40  -|-  H,  =  C,HgO. 
If,  however,  the  aldehyde  belongs  to  a  non-saturated  series,  the  action 
goes  further,  an  additional  quantity  of  hydrogen  being  then  taken  up, 
whereby  the  alcohol  first  formed  is  converted  into  a  saturated  alcohol  be- 
longing to  another  series ;  thus : 

H,    =    C,H.O;  and  C,H.O    -f    H.    =    C,HjO 
*■•  '  *^*  *  Propyl 


Acrylic 


aldehyde. 


C,H.O;  and  C,H.O 
Allyl  Allyl 


alcohol.         alcohol. 


alcohoL 


Nascent  hydrogen  evolved  by  the  action  of  zinc  on  sulpharic  acid  does  not 
appear  to  unite  with  aldehydes. 

4.  Phofphoru*  pentaehlorule  converts  aldehydes  into  chloraldehydes,  com- 
pounds derived  from  aldehydes  by  substitution  of  Clj  for  0 ;  thus : 


CH. 


COH 
Aldehyde. 


-f        PCI,        =        PCljO 


CH, 

CHCL 
Chloraldehyde. 


The  compounds  thus  produced  are  isomeric  with  the  chlorides  of  the  ole- 
fines;  e.  ^.,  acetic  chloraldehyde,  CH,.CHC1^  or  ethidene  chloride,  with 
ethene  chloride,  CgH^  .  CI,  (p.  484). 

5.  Chlorine  and  bromiru  convert  aldehydes  into  chlorides  of  acid  radicals : 


CJdfi       + 

Aldehyde. 

C,H.O       + 
Aldehyde. 


CI,       =       HCl 
2C1,      =       2Ha 


-f       C^HjCCl 
Acetyl  chloride. 

-f    C.HjClO.Cl 
Cnloracetyl 
chloride. 


6.    The  alkali-metals  dissolve  in  aldehydes,  eliminating  an  equivalent 
quantity  of  hydrogen : 


2C,H40 
Aldehyde. 


+       K,        =        H, 


2C,H3KO 
Potassium 
aldehyde. 


7.  Aldehydes  treated  with  hydroeyanie  iidd,  hydrochloric  aeidy  and  waier^  are 
converted  into  an  ammonium-salt,  or  an  amidated  acid,  containing  an  ad- 
ditional atom  of  carbon,  the  former  reaction  taking  place  chiefly  in  the 
aromatic  series,  the  latter  in  the  fatty  series: 

CNH 


S8 


CjH^O 

Acetic 

aldehyde. 

Benzoic 
•Idal^de. 


+ 


+      OH, 


-f      CNH      -f     20H, 


=      CjH^NO, 
Amidopropionic 
acid  (alanine). 

=      C8H,(NH,)0, 
K\nmQ>TA\ixsi 
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H,  Aldehjdcfi  unite  with  aniline,  water  bciix^  eUminatetl,  utid  fonaH 
*Ierivi?<i  frorn  atluuljlu  nuilecule  of  iinUiiie,  (C^U^N),,  by  ^lultslituiioti  uJ 
ec^uiviilents  of  u,  diatoaiic  radical  for  four  mIvius  of  lijtlrogen  ;  t^  ^, : 

(<.:,H.O),   +      2C.II,N      =     20H,     +      C„H,.<C,nj",S. 
Aceiie  AoiUue,  Di^tbidetie- 

iilUehyde-  ilmniUnc. 

9.  All  tilfU4i3'de8  unite  direct Ij  with  the  arid  tufpMffi  of  the  aihnH-n 
forming  crji^italliiie  eotiii>ouridg,  by  which  they  may  be  readily  septtfatcd 
from  other  bodies  with  which  they  muy  be  ndxeil.  This  renctioti  mffonl* 
a  ready  means  of  purifying  aldehydes,  and  Ukewid«  of  detecting  Ihrir 
prci^enee. 

10.  Aldehydes  also  unite  with  acetic  oxid^,  forming  such  compoun4#  ai 
C2H,0''{L\MjO|,^  and  prgbably  with  the  oxide»  o  or  responding  to  oilier 
monobasic  acids. 


Aldehydei  belonging  to  the  Seriei  CuH^O. 


.It     1 


i  chl 


Ponaio  Aldehyde^  Cit,0  or  If .  COH,  «lso  called  Mtthylit  al> 
compotiridT  rcet'iiHy  dij*covered  by  Hofmann,*  'iB  produced  wij 
of  nir  cliargL'd  with  vrtpor  of  methyl  alcohol  is  directed  upon 
cent  Hpiral  of  plaHnum  wire;  and  by  suitable  ooDdeuj^iiig  art:, 
litjuid  may  be  obtiiined  consisting  of  a  fiolution  of  the  aldebyi 
alcohtiL  This  liquid,  rendered  filighlly  alkaline  by  onimouiA,  atiti  gcntiy 
vvnrmed  with  Hiher  nitrate,  yieldii  a  bcflutiful  specular  depoall  of  ailttTt 
vvilh  greater  ease  even  than  ordinary  acetic  aldehyde/  Tho  same  soluiiotu 
heiilcil  with  a  few  ilropB  of  cauBttc  pola«b«  depoBiis  drops  of  a  brownii^i 
oil«  having  the  odor  of  the  rcHin  of  acetic  nhJehyde. 

Formic  nldehyde  lias  not  yet  been  obtained  in  the  puretlalp;  bnl  by 
treating  its  siolbitiofi  with  hydrogen  sulphide,  and  heating  the  resuhiof 
liquid  with  strong  hydroobloric  acid,  it  Bolidities,  on  coolings  to  a  dauUng 
white  mass  of  felled  needles,  consiuting  of  the  corresponding  liulpbur-ctiiu* 
pound,  CI  1^8. 

Acetic  Aldehyde.  C.^11^0  =  CHj .  COH  =  CHjO.  H,  generally  desigoiVfd 
by  the  simple  nrtnie  tihitht/dt\f  —  This  flubftance  h  formed,  among  other 
prodnefa,  when  the  vapor  of  ether  or  alcohol  is  transmitted  through  a  red- 
hot  tube;  also,  by  the  action  of  chlorine  on  weak  alcohol,  and  by  the  other 
general  reactions  above  nieniionefl.     It  is  best  prepared  by  the  folloiring 
process:  (>  parti*  of  oil  of  vitriol  are  mixed  with  4  parts  of  rectified  tpiril 
of  wine,  and  4  parts  of  water;   this  iniiture  is  poured  upon  6  parts  of  pow- 
dered manganese  dioxide  eontuined  in  a  capaeious  retort,  in  connecti<kD 
with  a  condenser  cooled  by  ice-eold  water;  gentle  heat  is  applied^  and  tlit 
process  is  int4?rrupted  when  0  parts  of  liquid  have  passed  over.      Tht^  Al- 
lilled  product  is  put  into  a  amoll  retort,  with  its  own  weight  of  > 
chloride,  and  redistilled;  and  this  operation  is  repeated.     The  aM 
(?till  retaining  aleohtjl  and  othi?r  impurities,  is  mixed  with  twice  U>« 
of  ether,  and  jfaluniied  with   dry  ammoniacal  gas;  a  crystalline  i^^.; 
of  lildehydi*  nn<l  iimmonia   then   separates,  which  may  be  wn-f 
litlle  etlier,  and  dried  in  the  air.      From   this  substance  the  a! 
be  sepnraterj  by  di><t illation  in  a  water-bath,  with  snlphnrlc  ui .  * 
wt*h   an  e<nml  quantity  of  water;    by  careful  rectification    from   - 
chlori»le»  at  a  temperature  not  exceeding  tJ0'5°  C.  (87**  F.J,  it  jj»  ui 
pure  and  anUydroui. 


*  rruoB(Niui|S>  u(  Dkw  B^^fal  Soc^i ,  xiV.  Mi/^  >  KNk»»mA  ^tan^mgt^a^tum. 
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Alilehyl^  is  ft  limpiiL  colorless  liquid,  of  cha  met  eristic  ollicrenl  odor, 
wljicb,  wboii  strongs  is  cxctmUngly  sufFocttting.  It  bus  &  density  of  OT'Jtl, 
boils  At  22'=*  C.  {7'1°  t\),  nnd  mixes  in  all  proportions  wilh  water,  ulcoJiol, 
and  ether:  it  is  iieutni!  lo  Leat-pHper,  but  acquires  iicidit y  on  e]£pO!?ure  to 
air,  from  the  produei ion  of  acetic  uctd:   under  ilie  iuflneueo  of  pLitinum- 

I       bliiek  this*  ciiiiU)2:i':  18  very  speedy.     When  a  solution  of  tliia  fonipuund  is 

!  hotted  wjlh  cuu^tic  potjisli,  it  remarkahle  brown  rcjiiu-like  sub^tanee  ia 
prodiiecd.  I LiS  so-called  alti^htjdf-rftin,  tieutly  beuted  with  Bilver  oiide.  it 
re<iuces  the  latter  without  evolutioa  of  gad,  the  metal  being  depomled  oil 
tbe  inn<!r  tmrfacij  of  the  veasel  as  a  brillitiut  and  uniforni  him;  the  liquid 
contnina  silver  jicetiite. 

Aldehyde  can  be  reconYcrted  into  alcohol  by  treating  Us  aqueous  8oki- 
tiou  with  sodium  amalgam,  the  liquid  being  kt-pt  Blightly  acid  by  repeated 

I       additions  of  hydroebloric  Mci>i. 

I  When  treatt^d  with  liydroeyanic  ncid*  aldehyde  yields  alanine  (p,  010). 

I  An  aqueous  solution  of  uhlehyde,  Ireated  with  hydrogen  sulphide,  yields 

an  oily  eo  in  pound,  (f'jH/lj^.  811^,  which  i*«  resolved  by  licids  into  liydrogeu 
sulphide  and  iulphatd^hyd^^  C\H^S  ;  the  loiter  crystunixeii  in  needles  having 

I       aD  alUaceou*^  odor. 

I  Other  reactions  of  aldehyde  have  been  already  mentioned. 

'  Ahirh^fif-amiuoma  or  Ammonmm  tif ffr hi/date^  V.j\l^(K  SU^  or  C^!lj(NH^)0, 

Ibe  formation  of  whieh  Iiuk  been  already  mentioned^  foruLu  transpoji-ut, 
colorless  erysfalj*,  of  great  beauty:  it  ban  a  mixed  odor  of  ammonia  and 
turpentine;  it  dissolves  very  easily  in  water^  with  less  faeility  in  nlcohrd, 
and  with  difficulty  in  ether;  mebs  at  about  7l>°  0.  (l^iB'*  F.).  and  diatib 
anehauged  at  IW^.  AcidH  «lecomptj»e  it,  with  produetion  of  an  ammoniaeal 
Bait  and  reparation  of  aldehyde.  Hydrogen  sulphide  converttt  it  into  a  hpi«<io 
compound,  t-jIlj^N??^,  culled  thmlfitm.  8u!phurou8  ojttdc  gas  ih  riipidly  ab* 
florbed  by  a  solution  of  aidehyde-ammnniat  forming  the  cryyialline  com- 
pound r,llj(Nll^)SOj,  isomeric  with  tatirin  (p.  b'lT).  Aldehyde  also  ct}n%- 
hin^9  wUh  ttcefir  ojirf^  forming  the  compound  C^I!^0(C2H3())/» ;  also  with 
ethfl  oxidf,  as  will  preaenily  be  further  noticed. 

Poitftni^nc  ModtficationM  rtf  Aldi'/tt/df,—\Xhc\)  pure  aldehyde  is  long  prc- 
Bcrved  in  a  cloaely-stopped  vessel,  it  !s  sometimes  found  to  undergo  spon- 
tuneoo8  change  into  one,  and  even  two  isomeric  modifications*  dilTenng 
completely  in  properties  frimi  the  original  compound.  In  a  specimen  kept 
some  wet'ks  at  0°,  transparent  acicular  cryf'taltt  were  ohserviMl  in  form  in 
considerable  quanlily,  which,  at  a  temperature  little  exceeding  that  of  ihc 
freezing  point  of  water,  melted  to  a  colorless  liquid,  miscible  with  wutcTi 
alcohol,  and  ether;  a  few  crystals  remained,  which  sublimed  without 
fusion,  and  were  probably  composed  of  the  »ecoiiil  BubMtance.  This  new 
body,  called  flatdefif/d^,  is  iilenlical  in  composilion  with  aldehyde,  but  dif- 
fers in  properties  and  in  the  density  of  its  vapor;  the  hitter  has  a  sp.  gr. 
of  4'ol5,  while  that  of  aldehyde  ih  only  1  532,  or  one-third  of  that  number* 
It  refuscu  to  combine  with  ammonia,  is  not  rendered  brown  by  potash,  and 
is  but  little  affected  by  solution  of  silver. 

The  second  modification,  or  mrfotdrhfjdf,  is  sometimes  produced  in  pure 
fttdchyde  kept  at  the  common  temperature  of  the  air,  even  in  hermetically 
scaled  tubes;  the  conditions  of  its  fortnalinn  are  unknown.  Ii  forma 
colorless,  transparent,  prismatic  crystals,  which  sublime  withfoit  fusion  at 
a  tempfrjiture  above  IfHP,  and  ore  i^obihle  in  alcohol  ami  ether,  hut  not  in 

L     water.     They  also  were  found,  by  analysis,  to  have  the  game  composition 

MBp  aldehyde. 


AcRTAL. — When  gaaeous  hydrochloric  acid  is  passed  into  a  fiCilvvCv^w  «A 
dehyde  in  ahsolule  alcohol,  a  compound  of  aV\c\iy^\fe  i.v\u\  ^W>j\  tVt^rX^^a., 
\JA^O.0fHfil,  19  produced,   and    this    coiii|kO\itid,   VxtftX^^  V\<Sx  %«^^vassw 
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cthjUtG,  forms  n  compound  of  aldehyde  with  ethjl  oiidet  called  t^eUl! 

K(h)'Wli]uride  Sodium  Acei«!l. 

of  aldehyde,  ethjluie. 

ThiB  compound,  which  is  isomeric  with  diethjriio  tfthennte,  (CjH^)''  (W,HJi, 

(p,  557),  \a  likewise  found  untuti^  the  producu  of  the  filutv  oi^idAtioA  af  Sir 
cohol  itndt^T  iLe  Ltitiiteiicc  ul  pbuLiitiai- black. 

To  prepare  il  iu  this  uaj,  s|iirit  of  wine  is  poured  into  a  Urft,  tail, 
gltkBs  jjir,  to  the  depth  of  tihout  mi  inch,  and  a  shallow  capji^tile,  containinf 
alight Ij'  moiatened  platinum-blaek,  h  arnuiged  above  the  eurfaco  of  the 
liquid;  the  jur  is  loosely  covered  hy  a  glaj)^  plate,  and  teft  during  two  or 
three  weeks  iu  a  \%'urm  situation.  At  the  expiration  of  that  time  the  li(|itjd 
is  found  highly  acid:  it  Is  to  he  neutralized  with  potassium  carbonai«,  at 
much  calciuiu  cbloride  added  as  the  Uqmd  will  dissolve,  and  the  whole  »ub- 
jeeled  to  digtilhttion,  the  tirtit  tburth  only  being  collected-  Fused  cjdeiuA 
chloride  udded  to  the  distilled  product  now  tlirows  up  a  light  oily  Uf|iii4. 
which  IB  II  miiiure  of  aeelal  with  alcohol,  aldehyde,  and  accfie  ethrr,  Hy 
freah  trenluieiit  with  calcium  chloride,  and  long  exposure  to  gentle  heat  is 
a  retort,  the  nldchyde  is  expelled.  The  acetic  ether  i«  destroyed  by  cans* 
tic  pota*th,  and  the  alcohol  removed  by  washing  with  water,  after  which 
the  ncetul  it^  again  digested  wilh  fused  calcium  chloride  and  redisiined 

Pure  aceial  is  a  (hin,  colorless  li<|uid,  of  agreenble  ctherettl  odor,  o(  »»♦ 
gr  a'821  at  22-2^  C.  (72**  F  ),  and  boiling  at  140°  t:,  (2H4«  F  ).  It  is  soV 
uhle  in  18  part*  of  water,  and  niis'eible  in  nil  proporlions  with  alcohol  %ni 
ether.  It  iri  unc!uingeil  in  the  air;  but.  under  the  inliuence  of  pUlinuia- 
hbick,  hecninea  converted  into  aldehyde,  aud  evenlunlly  into  acetic  acid. 
Nitric  and  chromic  acids  produce  a  gimilar  effect  Strong  boiling  eolutioti 
of  pofa»h  ham  no  action  on  thi»  ftubMance. 

rni,oBAT.,  CjUCljOj. — This  compound,  already  mentioned  as  beiog 
formed  by  the  prolonged  action  of  chlorine  on  absolute  alcohol  ip*  517), 
may  bi*  regarded  an  tric!iK>rinated  aldehyde.  To  prepan?  it,  the  currtnl 
of  cidurine  niuitt  be  kept  up  a»  loujf  a»  hydrochloric  acid  iras  conltnuett4 
escape,  und  the  product  ngilated  with  three  limes  ila  volume  of  coiicen- 
trnted  Hulpburie  acid.  t)n  gently  warming  this  misttirc  in  a  water-hath^ 
the  impure  chloral  separniej*  as  iin  oily  liquid,  which  float*  on  (he  >^urfaet 
of  ilie  acid ;  it  ia  purilied  by  distillalioii  from  fre^h  oil  of  vitriol,  and  iifter- 
ward  from  a  Fmnll  cjiiantiiy  of  ijfiicklime,  which  must  he  kept  completely 
covered  by  the  liquid  until  the  end  oftbe  opera!  ion.  Chloral  ha^  abo  been 
obtained  from  starch,  by  distillation  with  hydrochloric  acid  aud  mati^ 
nese  dioxi<lc* 

Chloral  is  a  thin,  oily,  colorless  liquid,  of  peculiar  and  penetrating  odofi 
which  excites  tears:  it  ha»  but  little  taste.  When  dropped  upon  paptr  k 
leaves  a  gren.Hy  stain,  which  is  not.  however,  permanent.  It  haa  a  density 
of  1  />02,  and  boils  at  *>4°  C,  (20P  P.).  Chloral  is  freely  soluble  in  walfr, 
rilcohol.  and  ether;  it  forms,  with  a  small  qnaniiiy  of  water,  a  solid,  eryt- 
falline  hydrate;  the  solution  is  not  affeeteil  by  silver  nitrate.  Cauttio 
bury! a  and  lime  decompose  the  vapor  of  chloral  when  heated  in  it,  witk 
sppearaiice  of  ignition ;  the  oxide  is  converted  into  chloride^  carl>on  it  df- 
posited,  and  carbon  monoxide  set  free.  Solutions  of  caustic  alkiUita  aJM 
decompose  it,  with  production  of  a  formate  and  chloroform. 

Whrn  chloral  is  preserved  for  any  length  of  time,  even  in  a  Te««el  Kft» 
nietically  sealed,  tt  undergoes  a  very  remarkable  change — ^ being  converted 
info  a  solid,  white,  translucent  substance,  W9oluUc  cftloritl,  po!i«e«sing  tl»« 
flume  com  posit  ioti  a&  \\i^  W\vi\^  vViiftV^*  TlvU  solid  product  is  but  reTj 
elightly  soluble  In  \\Oi\er^  a\co\io\^  qt  fcV\^<tT%  ^Vvai.  t^"^<a«i<t\  vvi  Wnt^  atoufi 
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or  in  contact  with  oil  of  vitriol,  it  is  reconyerted  into  ordinary  chloral 
Solution  of  caustic  potash  resolves  it  into  formic  acid  and  chloroform. 

Bromine  acts  upon  alcohol  in  the  same  manner  as  chlorine,  and  gives 
rise  to  a  product  very  similar  in  properties  to  the  foregoing,  called  bromal, 
which  contains  C»HBr30.  It  forms  a  crystallizable  hydrate  with  water, 
and  is  decomposed  by  strong  alkaline  solutions  into  formic  acid  and  bromo- 
form. 

The  other  aldehydes  of  the  series  CnHjnO  resemble  acetic  aldehyde  in 
most  of  their  reactions,  especially  in  forming  crystalline  compounds  with 
ammonia:  this  character  distinguishes  the  fatty  from  the  aromatic  alde- 
hydes, which  react  with  ammonia  in  a  different  way.  Another  character- 
istic reaction  of  the  fatty  aldehydes  is  their  conversion  into  amidated  acids 
by  the  action  of  hydrocyanic  acid  (p.  685) ;  in  this  manner  amido-propi- 
onic  acid,  or  alanine,  CjH^NO.,  is  formed  fVom  acetic  aldehyde;  amido- 
eaproio  acid,  or  leucine,  CgH„NO,,  from  valeral,  CjHjoOn,  &c.  The  fatty 
aldehydes  are  all  converted  into  resinous  compounds  by  the  action  of  caus- 
tic potash. 

All  the  known  aldehydes  of  the  fatty  series  are  liquid  at  ordinary  tem- 
peratures, nnd  become  more  oily  as  their  molecular  weights  increase. 
Their  boiling  points  are  given  in  the  following  table  : 


Boiling  point. 
(Enanthylic  aldehyde  1520C.  §05oF. 
Caprylic  **  178<>"    362°" 

Euodio  "         213°"    829°** 


Boiling  point. 
Acetic  aldehyde       .  22<>  C.       72<>  F. 
Propionic**  550-66° C.  13l°-l49o** 
Butyric      **  68°-75° '*    154°-1G7°  ** 
Valeric      "  93°**  199°** 

Euodic  aldehyde  is  the  essential  constituent  of  oil  of  me.  It  differs  from 
the  other  compounds  of  the  series  by  not  reacting  in  the  manner  above 
mentioned  with  aniline. 


Aldehyde  belonging  to  the  SeriM  C„H^^O. 
Aerylio  Aldehyde,  or  Acrolein,  C.H.O  =r  I  .  —  This  compound  is 

con 

formed:  —  !.  By  the  oxidation  of  allyl  alcohol,  C,HjO. —2.  By  the  action 
of  heat  on  the  product  of  the  union  of  acetone  with  bromine : 

C(CIL)Br,  C(CH,)^^H 

CO(CH,),    +     Br,    =    I  =  2HBr      +      I 

Cn,OH  COH 

Acetone.  Acrolein. 

3.  By  the  dehydration  of  glycerin,  when  that  substance  is  heated  with 
phosphoric  oxide,  strong  sulphuric  acid,  or  acid  potassium  sulphate : 

,       C,H,0,  —  20H,  ==  CjH^O. 

It  is  always  produced  in  the  destructive  distillation  of  neutral  fats  con- 
taining glycerin,  and  is  the  cause  of  the  intolerably  pungent  odor  attending 
that  process. 

Pure  acrolein  is  a  thin,  colorless,  highly  volatile  liquid,  lighter  than 
water,  and  boiling  at  52  2°  C.  (126°  F).  Its  vapor  is  irritating  beyond 
description.     It  is  sparingly  soluble  in  water,  freely  in  alcohol  and  ether. 

Acrolein,  by  keeping,  undergoes  partial  decomposition,  yielding  a  white, 
floeculent,  indifferent  body,  disacn/i ;  the  same  substance  is  som^tvYSkft^  \xvi-. 
dueed,  together  with  acrylic  acid,  by  exposure  to  i^i^  tiat.    \\i<iwv\«.<!.\.NoS5si. 
58» 
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nlkalics,  acrolein  Buffers  Tiolent  dc^com  posit  ion.  producing,  like  aldcHjd 
a  rvjtirioms  body.  When  expostni  for  ?onie  time  in  ilic  air,  c»r  whrn  mil 
witb   silver  oxi<le>  it  03ddii«8  witb  iividitj,   and   passes  into  acr^tic 


Aromatic  Aldeliydei»  CJlj^^jii. 

Bentoie  Aldehyde,  or  Bitter>almond  Oil,  CyH/J  —  C,H,,  COH  =  C^HjO ,  H, 
Tliis  compound  ia  produced  —  I.  Itythe  ojtidiitiion  of  amjgditlin  wirh  nitri* 
acid.  ^2.  By  (ligeating  biiier  ahitonds  witJi  walvr  for  fivi*  or  eix  hours  it 
30*^-4(P  C.  (yei<^-lU4^  F  ),  TJi«  synaplai*«5  presi^ut  tlivn  actt?  ik»  n  fcruirtit 
on  the  amygtrJulin,  conTerting  it  into  glucose,  bentoie  ald&hyde,  and  liTdro- 
eyiinic  acid  (see  page  570),  Uenzoic  aldehyde  is  prepared  l»y  this  prope* 
in  Urge  quantifies,  chiefly  for  use  in  perfumery.  It  does  n^  prc-ex»»t  is 
the  ttlinondst  for  the  fat  oil  obtained  from  ibem  by  pre*Btire  i»  absolutely 
free  iVoiii  it.  The  crude  oil  has  a  yellow  color,  and  containsi  »  very  con- 
Bidcrublc  quantity  of  hydrocyanic  acid  r  to  free  it  from  this  injpurity,  it  a 
agitated  with  dihite  solution  of  ferrous  chloride  mixed  with  flaked  limf  in 
©iocBBt  and  the  whole  \s  subjeeu-d  to  di^iillutiou;  water  pusses  of er^  ie- 
companied  by  the  purified  essential  oil,  which  is  to  be  lefk  for  »  short  time 
in  contAot  with  i%  lew  frngoicnis  of  fu^ed  calcium  chloride  to  frc«  it  from 
water. 

Z.  Benitojc  aldebydo  is  formed,  iogether  wilh  ronny  other  product 
the  aciiou  of  a  mixture  of  manganese  dioxide  and  sulphuric  acid  on  i 
min.  hbrin,  casein,  and  gelatin. 

■t.  By  the  uction  of  nascent   hydrogen  oti  chloride  or  cyanide  of  beai 

C,H50t:i       +        H,       =        HCl       -f       c,H.a 

Pure  benioio  aldehyde  is  a  Ihln^  colorless  liquid,  of  great  refradi 
power^  and  peculiar,  very  agreeable  odor:  its  densiiy  is  rUI3»  snd  its  boil- 
ing point  180°  C.  (3'if)'*  F.) :  it  »s  soluble  in  about  80  parts  of  water,  unfl 
miseihle  in  ftll  projunrrions  with  alcohol  and  ether.  Exposed  fo  the  air,  it 
greedily  abnorb-H  oxyj'tvn,  und  is  converted  into  a  mass  of  crystftllt«<^i  l>«ft* 
zoic  acid.  Ilea  Km  I  with  solid  po/ujiHum  htthaUt  it  gives  ofl'  hydrogen,  aotl 
yields  pfftaMstum  benioate.  Wilh  the  alhilmf  futulphife*  it  foi inft  beautiful 
cry^lulliue  compounds.  The  Tuipor  of  the  oil  is  infliimnmbU*,  and  burns 
wilh  ft  bright  flame  and  much  smoke.  It  is  very  doubtful  whether  tiuft 
biiic^r-aliuond  oil  is  poimmous ;  but  the  crude  product,  sometinies  used 
impfirting  an  agreeublf  fl*ivor  to  confectionery,  is  ver}'  dangerous. 

Benzoic  aldehyde,  treated  with  aofiinm  amai^am,  la  couverU*d  mle*  heni 
akobol,  CfH^O.     With  phosphorus  pentacAlorid&f  it  jielda  beuaylenv  chlori< 

c,iv:i,: 


C,H,0         + 


PCU        = 


c^rr^ci^ 


Apwionvt  converts  it  Into  htpfro6emamifi4^^  a  white  crystalline  neutral  body, 
which,  when  boiletl  with  aqueous  potash^  ia  coQverted  into  an  iaoneritf 
basic  compound,  called  amarinc: 


Be  II  £1110 
aldehyde* 


2NH, 


HydrobeJi- 
xamide. 


+      «OHr 


All  the  aromatic  aldehydes  net  with  nmmonia  in  a  similar  manner^  and  i 
therelty  distinguished  from  the  aldehydes  oflhe  faiiy  series. 

Tolmic  Aldehfda,  C^Ujll,  i«  prodtice<i  by  distilling  a  mixture  of  tJie  ( 
cruni-«atts<  of  toluu.^  tiud  Cornv\\:;,  vuiu\%.     Wv«.  ^\\^  d\«iiUate  agitated  with  i 
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eodium  sulphite,  forma  a  cryatalline  compound,  wbicli,  ulii*ti  diatilled  wilh 
sodium  cnrbonate,  yields  the  aldehjde,  as  iin  oil  huvhig  u  ptppery  oiHr* 
and  boiling  ftt  204*=  C.  {31*9''  F,).  On  exposuro  (o  ihit  nir,  il.  in  gradiiftUy 
coQTeried  inlo  tuluic  acid,  C|]l|0,.  With  alcoholic  potash  it  farms  potassitim 
ioluato  and  xylyl  akohoL 

2C8H^O  +  KOn  =  CgH,KOj  +  C^n^fi, 
Gumic  Aldehyde,  Cjj^Hj^O,  exists  together  with  cytiicne,  Cj^!!,^,  in  the 
essential  oil  of  cumin,  and  in  that  of  \vjiU?r  bemlouk  {Cictita  viroattj,  and 
may  bo  obtiiined  by  ap^ilaLing  either  of  these  oils  witli  add  sodium  6ul- 
phile,  wliich  takes  up  tho  cumic  aldehyde,  but  noL  the  cyuiene,  and  forms 
a  crystalline  compound,  from  which  the  aldehyde  may  be  separated  by  dis- 
tillntion  with  potneh.  Cumiii  aldehyde  is  a  Cijluriess  or  gUghtly  yeUpw 
liquid,  having  a  powerful  odtir,  and  in  easily  oiidiied  Ln  the  air,  ho  that  it 
must  be  distilled  in  a  current  of  carbonic  acid  goa.  It  is  cun verted  into 
cumic  acid,  CjqHj/^j,  hy  oxidation,  and  by  alcoholic  potank  into  pctassium 
cumate  and  cymyl  alcohul,^  C^^ilj^O. 

Syoc^cerylie  Aldehyde,  Cj^Hj/K  appear;*  to  be  prodyeed  in  thin  priams  by 
oxidising  sycoceryl  alcohol  with  aqueous  chroiaic  acid. 

Cinnamic  AldehydCi  C^H^O.  ^ — This  compound,  which  ia  the  only  known 
tneuiher  of  the  aeries  of  aldehydea  CuHjq^ioO^  eonatitntes  the  essenliul 
port  of  the  Tolftlile  oiln  of  cionumon  and  criesia,  which  nre  obtaiiieiJ  from 
the  bark  of  diflferent  treea  of  the  genus  Cinnamoitunu  order  Liiuracfie — - 
Tix,,  oil  of  cinnamon,  from  Ceylon  cinnamon,  and  oil  of  cft$sia»  from  Chi- 
nese cinnamon.  The  aldehyde  may  he  Reparrited  from  these  oils  by  means 
of  acid  poiA^^ium  fiiulphile.  It  la  a  colorless  oilt  rather  heavier  than  water; 
may  be  diatilled  without  alteration  in  a  vacuum,  or  with  de-aerated  water: 
but  Absorbs  oxygen  quickly  on  exposure  to  the  air.  and  pasi^eg  into  cin- 
namio  acid.  When  fused  with  potash,  it  fortnB  potassium  cinnAmatc,  nod 
gives  off  hydrogen: 

Ammonia  gas  conTerts  it  into  liydrocinnamide  : 

3C,H,0        -f        2NHs       =^        {C,TI,)'',N,    +        30H,. 

No  aldehydes  are  known  belonging  to  the  aeries  intcrmediaLc  between 
C„Hj^_30,  and  C^H3„_sO. 

Thrre  is  indeed  a  well-known  mibstanco — ^vii,,  common  camphor,  or 
laurel  camplior,  having  the  composilion  C,„HigO,  v^-hlch  is  that  of  the  alde- 
hyde of  cnmpbol,  Ci^Ili/i  (p.  fj4*i) ;  hut  its  properties  are  not  those  of  an 
aldehyde,  inasmuch  as  it  does  not  unite  with  alkaline  bi^nlpbile?  or  with 
aniline,  and  when  fused  with  potash,  does  not  give  off  hy<irii|ren  and  form 
the  potaasium-aaU  of  the  corresponding  acid,  hut  unites  directly  with  the 
nlkali,  forming  potassium  cainphohite,  CjoHj^Ki),.  It  may,  however,  bo 
conveniently  described  in  this  place. 

Camphor  is  obtained  by  disiilling  with  water  the  wocul  of  the  cnmphor- 
tree  {LauruM  Camphora).  When  pure  it  forma  a  solid,  white,  crystalline 
And  translucent  mai^s,  tough,  and  difficult  to  powder,  and  hnving  a  power- 
ful and  well-known  odor.  It  melts  when  gently  heattMl,  and  hoils,  distil- 
ling unchanged  at  a  high  temperature.  It  sublimes  slowly  at  the  tempera- 
ture of  the  air,  and  often  forms  beautiful  cryatalri  on  the  sides  of  buttles 
or  jars  containing  it  exposed  to  the  light.  Camphor  is  very  sparingly 
soluble  in  water,  but  readily  soluble  in  alcohol,  v\\\^t,  and  strong  acetic 
acid,  ^mall  pieces  of  it  thrown  upon  water  revolve  and  move  about  on. 
the  surface,  with  more  or  less  veloeity  in  proporliim  to  llieir  tim*illne!*a. 

By  the  action  of  nitric  acid  oidfd  by  heat,  camphor  is  graduttll^  o'sa.- 
dixed  and  dissolved,  with  production  of  caiophunc  ncvd,  C  vj^^^i'^^V^' ^*^^- 
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Common  eampbor  exerts  a  dextro-rotatory  iietioa  on  polnrixed  lif  lit  [«}  = 
-^  47  1*';  but  by  liietilliiig  the  eaeential  oil  of  feverfew  {i*yrtihrum  p4tsiM' 
nium)^  ami  coUccliiig:  upnrt  the  port  ion  wbich  )»u8ses  over  helween  21*f^ 
and  220^  C.  (3U2^-4'i8^  ¥.),  an  oil  is  obt«incd,  which,  oti  cooling,  dcpo»it4 
ft  crystallmo  BUib!«taiiGe  resemblhig  cummoii  cuiuphor  id  ercry  rf«p«c<t, 
excupt  tbat  its  action  on  polariaietl  light  is  exactly  equal  and  o|  ~  ] 

^=  —  47-4"^,     The  eaaentiai  oils  of  miiny  labiate  plant9,  a«  rosr 
joraiii,  lavcndtT,  and  sage,  often  deposit  a  Bubstanoe  having  Ui»-  *:\>iuyK"n* 
tion  mid  all  the  piopurtiea  of  common  camphor,  excepting  Ibat  ii  is  inae- 
tiTC  lo  polarized  light. 


¥ 

^ 


^Ideliydei  deriTfrd  firom  Biatomie  Alcohols. 

Diatomic  aloohoU  can  yield  by  oxidation  two  classes  of  a1deliijdet«  ao- 
conlingly   as  the  ifitbe»titiition  of  Q  for  II|  takes  place  once  or  Iwiee: 
product  a  thus   formed  may  be  distingaished  a«  firii  and  gftvud  ahUhifd 
Propene  glycol,    C'jHi^v   ^^^  example,   might   yield    the   two   ableh^Jl 
CjHgOj  and  C|I1^0j.     Only  a  few  of  these  compounda  have,  howcTer,  ' 
obtained. 

Of  nUlchytles  derived  from  the  glycols,  r„Ilip4.2,  only  one  is  knon 
namely  gl>/oxnl,  C^lJ^Oj,  wbich  is  the  second  aldehydis  of  ortliuary  ^lyc 
C^HgUj.  This  c<inipoun<J  is  obtnined,  together  wilh  glyoxylic  acid  a 
other  proilucts,  by  the  action  of  nitric  neiti  upon  alcohuK  Jt  may  be  ^<•|» 
rated  by  iidditioti  of  a  £>trong  Holulioti  of  ucid  sodium  sulphite,  uilh  whti( 
it  forma  a  crystalline  compound  :  (his  compnumJ,  (rented  with  barium  chU 
ride,  yields  (he  corTe?ponding  barium  compound ;  and  from  rhit  the 
oxal  may  bo  separated  by  dilute  sidphuric  acid*  On  CTaporating  the 
liquid,  it  in  obtained  a»  a  transparent,  amorphous,  deliquescent  ma^ti,  vrrj 
soluble  in  water,  alcohol^  and  e(her>  With  an  ammout&cal  solution  of  «!•- 
Per  ntirat^y  it  forms  a  beautiful  silver  speculum.  By  a  small  quantity  nf 
nitric  add  it  is  converted  luto  glyoxylic  acid,  CjII^O^  ;  by  a  larger  tjuaiuilj^ 
into  oxalic  acid^  t.^^lJj,0|.  Fried  rausfic  alkaiie*  and  alkuimt  euriku  convert  ) 
into  a  aak  of  glycollie  seid;  e  */.,  C\Ii/)j-f  KOUrrrCjlljKty  A  syrupy  I 
luiion  of  gljoxal,  heated  with  a  strottg  aqueous  solution  of  amoioiiiit,  jrto 
two  bases,  (fljfoxultm  and  tjlyaaine,  according  to  the  equations: 

20,11,0     +     2Nn,     =„  C,".N,      +„  CH,0,     +     2on, 

Oljkoiaf.  Glyoxalme.        Formio  aoiu. 

8<:*,H,0,     +      4NII,    =        C«H,N,    +     «0H, 
Olyoxat  Oly  cosine. 

Both  thcHc  bases  are  crystalline;  the  glyoxaline  is  by  ftir  the  more  all 

rlunt  of  the  two. 

<*f  aldehydes  derivable  from  diatomic  alcohols  bclonfring  to  other  serii 
lliree  only  are  known:  vii.,  salicylic  aldehyde^  CfH^O,,  anisic  aldehjiT 
Cg!l,<*,,  and  furfnrol,  CjII^O^ 

galioyUc   Aldehyde,   or   Salioylol,   C,H^O,  =  r^H^CCOn:    -^'  -   ^  "*^ 
mlktilouH  and,  an<i  hvffrtffe  of  tfaltctjL  — This  compound  is  prwln 
dizing  the  corresjjonding  alcohol,  saligenin,  C,HjOj,  with  p<»tn- 
mate  and  dilute  ^uljdiurio  acid.     As  *aliein  (p.  5Hl)  is  a  gluco^ide  of 
genin,  and  populjn  has  the  composition  of  ben»oyl-salioin,  salicylnt 
likewise  be  formed  from  these  budicH  by  the   action   of  oxidixing   agetiU 
it  may  be  conveniently  preporfd  by  tretHing  enlicin  or  the  rtmrrniraied  < 
tract  of  willow-Vuirk  w'lVlv  eV\Tt>n\vc  acid.     One  part   of  salirhi   is   dia»u^ 
in  JOpurttiof  water,  auOt  m"\i.t\V\ii  i\\^Wv\>n\v\\\  \i^vV  of  powdered  yvtltk 
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eiiim  bichromatP  and  2}  parts  of  oil  of  vitriol  diluted  with  10  parts  of 
water;  jr^'iiMe  lii^at  h  fipplied,  nod  iiflfr  llie  ce!*saHno  of  the  elferTCBCLMico 
first  praducLHl,  t be  mixiurc  is  tlisiilltHi.  Tlie  ^vt'How  oily  produet  b  sepft- 
raled  from  liie  wuter,  and  porified  by  retnlficjiUoii  frooi  calcium  cUloride. 
Saiicylol  c^xiits  rendy  formed  in  tlie  flowers  of  nicndoH'-sweut  {Spirifa  ul^ 
mana),  n«d  may  beobtaiot'd,  together  wiUi at erpene,  by  ilifttillingrlic  flowers 
with  water.  On  Deutnilizing  llic  diatillnte  with  iiotafcth^  boiling  to  expel  lh<5 
hyiiroc4irboOt  Blijrhlly  siipersatorating  the  rcaiduc  wilh  phosphoric  acid, 
find  diatilUrig»  nalicylol  passes  over,  and  may  be  purified  by  ngilating  tlie 
distiiliUc  with  ether,  treating  the  decanted  ethereal  solution  with  potuHb, 
BupiTSAt orating  with  pboiphoric  acid,  and  redistilling. 

SSalicylol  is  u  thin,  colorless,  frugrarit  oil,  acquiring  a  red  trot  by  expos- 
ure to  the  air.  It  has  a  ijpecific  gravity  of  1-173,  ^oliniifics  at — 20®  C. 
(— -4^F.),  boib  at  l%*i>°C.  (;S8ij°  F.),  and  burns  when  set  on  fire»  with  u 
bright  smoky  flume.  Water  dissolves  a.  perceptible  quaotity  of  snlieylol, 
acquiring  its  fragrant  odor,  and  the  property  ^likewise  exhibited  by  eiiU* 
cy lie  acid)  of  producing  a  deep  violet  color  witJi  ferric  salts.  Alcohol  and 
ether  dissidve  it  in  all  proportions, 

Salicylol  i«  oxidized  to  salicylic  acid  by  boiling  with  oupric  oxide  in  al- 
kaline solution,  partially  also  by  poltissium  bicbrommte  and  t*ulpbiiric  acid  ; 
it  likewise  reduces  silver  oxkle*  When  heated  with  potassium  hydrate,  it 
is  cunTeried  into  potassium  salicylate,  with  cvulutiun  of  bydrogeii: 

C,HgO,      +      KOU       ^      CylJ.KOa      -I-       H^ 

By  nascent  hydrogen  it  is  cotivertcd  into  saligeuifl,  C^IljOj;  by  ftmrnoola, 
into  hydrosalioylauiide : 

3C^HjO       +      2NH,       =       aOH,       -(-       C„H„0,N, 
Sabcjdol.  Hydrufcialicyl* 

amide. 

Salieylol  decomposes  alkaline  carbonates,  and  dissolves  in  caustic  alka- 
lies, forming  yellow  cryHttillizahle  waits;  ilie  sodium-salt,  foreiaoiple,  hav- 
ing the  coniposilioii  C^IIjNhO^*  Tbis  sail  and  the  correspond iug  pota.^siuin 
and  Emmoniurii-conipouudM,  are  soluble  in  wiii»>r,  and  by  treating  their  bu- 
lutions  with  salts  of  bariiini,  coppef,  lead,  t»ilver,  &c,,  in^^oUible  nietallic 
derivatives  of  salicylol  are  prccipituted.  These  compounds  are  comuHiiily 
called  Hfiiin/tttfSj  salicylol  itself  being  called  salicylous  acid  ;  but  it  is  bet- 
ter to  designate  them  as  godatm  ifatirt/ttji^  copper  aaltcifiol,  &c.,  inaBrnuch  as 
the  metal  contained  in  them  dors  not  appear  to  occupy  the  same  phice  aa 
in  the  Malt  of  an  ordinary  acid,  hut  rather  to  take  the  place  of  the  alco< 
holic  hydrogen  in  the  molecule  of  salicylol,  C^lljO^COH,  so  that  sodium 
galicylol  consists  of  CjH^XaO  .  COH.  This  salt,  treated  with  tnetbyl-iodide, 
yields  sodiutn  lo'lide  and  mft/ii/f-saiict/iol,  ('(^^(ClJjjiK  Ct>H,  a  compound 
exhibiting  properties  oxnclly  analogous  to  those  of  salicylol  itself.  Kihifl- 
9aiict/fo/,  C^ll^(Cjilj)() .  Ct>II,  la  obtained  in  a  similar  manner**  Amtnonia 
acts  upon  iberto  compounds  in  the  same  manner  as  on  salicylol,  converting 
them  into  mfibyl-bydrosalicylamide,  C^Kt7(CHj)0,N,,  and  ethyl-hydrosali- 
cylamide,  e,^lIi,(t',ll.)t>,N3, 

Salicylol  is  strotigiy  attacked  by  rfdortHf  and  hrominf^  forming  substi- 
tutinii-products,  namely,  ciilorosalicylol,  C,H^Clt>,.  and  broino-salicylol, 
U^lljBrtJj.  bolh  of  which  are  crystalline  bodies  possessing  acid  properties, 
yo^/mt* dissolves  in  it,  but  dues  nut  tonn  a  substitution-product.  Moderately 
strong  nitrif:  odd  converts  it  into  nit ro- salicylol,  (*|Hj(N0;t)O^,  which  is  also 
cryBialline,  and  forma  crystalliiable  f«alts.  ChlnroHalicylo!  is  acted  upou 
by  ammonia  in  the  same  manner  as  salicylol,  forn/tng  chlorobydrosulicylu* 
mide,  or  cblorosamide,  C,iH,jrijOjN^ 

*  J^Hh,  Oieta.  Soo.  Jounial  ]^  i^  iU&. 
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Metliyl-sttliej'lol  aod  <*thyl-!»alicvlol  nr*  also  iillAckcfi  by  chlurii*e 
bromiuf,  fotmiug  Rub.'*titution-dcrivutive9  ffimtUr  to  tjiaac  of  saliejlol 
BelC  *•.<;..  clUyl-bromoaalicjlyl,  C-II^irH^j^BH^^ 

Salicylol  amJ  nil  iu  Hiihgiitutiou-UeriTt»tivv»  »boTe  inezttioned^  form  i 
talline  (?uiii|n)iin«lM  with  tlio  ucid  sulphites  of  the  alknli-nietjils. 

Sjilic^Uil   unitefl  with  tict/ic  ojridc  or  anhydtidt^*  formiij|f   Ibe   cry»t«IUd 
cuifipound  CjiHijOj  r=  C^TJ^Oj  .  (C, 11^0)^0.      Aceiic   oxide    likewise  foi 
^iniiltir  eotii pounds  wilh  ni*?iiiyl-  aud  ethyl-palicj^laL 

Sodiuni-sulii'ylol,  treated  wltk  acetic  oxide,  forma  sodium   leHnte 

r,n,NiiO  .  COH  -f  (C,H,0),0  ^  N»0C,H,0  +  C^H^{C,IT,0)0  .  COH 

Sodium-aulicyloL         Acetic  Sodium  Aoelosniicjlol. 

oxido.  acetate. 

This  compound  has  llie  samo  compofiitioii  as  eou marie  neidn,  €,11^0).  ao  acid 
j>ruducett  by  the  hydratiau  of  eoiinmriti,  the  odoriferous  priiioifde  of  (kt 
Tonka  beau  ;  but  to  obtain  it  by  the  react iou  iibore  mentioned^  ceriaili  pre- 
Cftutiuna  iiro  nccessftry.  The  ucetic  oxide  nuisi  be  added  lo  powdered  in- 
liydrnus  sodiyiu-salicylol  suspended  in  pure  dry  ether,  the  reagent s  bfitig 
ctjiploycd  in  equivutent  quantitie;*;  and  after  the  whole  has  stood  for  t wen* 
ty-four  hours,  the  ethereal  tiqiiid  niuht  be  l51tercd  oiT  from  the  sodium  ace- 
lute,  then  evapuruted,  and  the  crystalline  cake  which  neparaiea  ftn  eoobaf, 
purified  by  pressure  between  bibulous  paper,  and  cryHtaliiza.tion  f rom  al«< 
bob  Acetosalicylol  thus  prepared  mella  at  37**  t\  (t<»°  F.),  boila  at  ab< 
253°  C.  (487"  F.),  and  distiU  without  decomposition.  It  is  au  aldchyd 
like  aalicylol  itself,  and  furms  definite  eornpounds  with  alkaline  btMulphiM 
It  is  decomposed  hy  alcoholic  put4«h,  with  formation  of  potaMiiam  aoeti 
and  potas^iiim'SaUcyloU 

Ce!l,(CjlI,0)0 .  COO  -f  2K0H  =  C.H.KO .  COH  -f  C^,KO^+  OHg. 

Acelo^iilicylo!  HkewiHC  unites  directly  ^vith  acetic  oxide. 

If  the  prtiduct  of  the  action  of  acetic  oxide  on  aalicylob  instead  of  b«iii 
treated    in  the  nuinucr  above  described,  be  poured  into  water  after  a  f« 
ininntes*  boiling,  an  oily  liquid  sinks  to  the  bottom,  and  f«odinm-ace1atr  I 
mains  in  »oUiiioti ;  iind  un  diHtilliiig  this  oil,  and  collecting  apart  ihal  «ki^ 
pajisctt  oTer  after  the  leniperatuve  hasri(>en  to  -OO'^  C.  (iV>4'^  F, ),  a  ery«fLaUil 
sub^tnanco  is  obtained,  huving  theeonipOHition  of  acctoimlicyUj]  minus  one  lu  ~ 
cule  of  water:   thiaKubhitance  i^  identical  in  every  reiipect  witb  naiural  roi 
rm»  C^II^Oy     The  dehydration  of  tbe  acetoHalicylol  appears  to  be  due  to  I 
action  of  the  sodium-acetate,  perhaps  to  the  formation  of  an  auiiydroa««- 
late  or  biacetuie   of  aodinui,  L%'',J1,NatJ, .  C^ll^C  ^3,  analogous   to  por«it»iam 
anhydrosulphate  (p.  2*J7),  wliieh  appears  to  exert  a  more   powerful  dc' ^ 
draling  action  than  acetic  oxide  itiielf. 

Coumnrin  thus  obtained  has  lost  the  properties  of  an  aldehyde,  no  bn| 
unittii);  with  alkaline  bisulphileB;  it  iliffcrH  also  from  accto*<alicyl«l  in 
being  split  up  into  acetic  acid  and  Halicylol  by  the  action  of  strong  potad 
but  «iuiply  taking  up  an  atom  of  water  aud  being  oouTerled  into  coun 
acid. 

t'owmdnVi,  aa  already  observed,  is  the  odoriferous  principle  of  lb**  Ton 
bean.     It  may  be  often  seen,  forming  minute,  colorless  crysiaU  under  1 
skin  of  the  iA*^i}A,  and  between  the  colybMions.     It  i»  best  * 
ceraling  the  sliced  beans  in  hot  ulcohul,  and,  after  strainin 
di>«tilling  off  the  grenter  par!  of  the  spirit.     TkiC  wyrtipy  it  ~i..,,,     iejl 
on  iKiiiiuliiig^  rrysiiils  of  coumnrin,  whicJi  must  be  purified  t>y  prei«»<urv  fn 
n  fat  Oil  which  abounds  in  the  beans,  and  then  crystalliied  i'roiu  bot  ! 
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80  obtained,  coamarin  forms  slender,  brilliant,  colorless  needles,  fusible  at 
about  67°  C.  (167«>  F.),  boiUng  between  290o  and  29^  C.  (655°  F.),  and  dis- 
tilling without  decomposition  at  a  higher  temperature.  It  has  a  fragrant 
odor  and  burning  taste ;  is  very  slightly  soluble  in  cold  water,  more  soluble 
in  hot  water,  and  in  alcohol.  It  is  unafifected  by  dilute  acids  or  alkalies,  which 
merely  dissoWe  it.  Boiling  nitric  acid  converts  it  into  picric  acid,  and  a 
hot  concentrated  solution  of  potash  converts  ft  into  coumarie  aeidf  C^IigOy 
and  eventually  into  salicylic  acid.  Coumarin  exists  in  several  other  plants, 
as  in  MelUotus  officinalitt  Atperida  odorata^  and  Anthoxanthum  odoratum. 

By  acting  on  sodium  salicylol  with  butyric  and  valeric  oxides,  Perkin 
has  obtained  homologues  of  coumarin,  viz.,  butyric  coumarin,  C||U,o^y  ^^^ 
valeric  coumarin,  CjjHijOj. 

Anisic  Aldehyde,  CgHgO,,  also  called  Anisal  and  Hydride  of  Anisj/l,  is 
formed,  together  with  anisic  acid,  by  oxidation  of  anisic  ulcoholi  CgHjoO^ 
"with  platinum-black,  or  of  anise  oil  with  warm  nitric  acid : 

C„H„0    +    0,    =    C,H,0,    +    C,HA    +    OH, 
Anise  oil.  Anisic  Oxalic 

aldehyde.  acid. 

It  is  a  yellowish  liquid,  having  an  aromatic  odor  and  a  burning  taste,  nearly 
insoluble  in  water,  but  soluble  in  all  proportions  in  alcohol  and  ether.  It 
is  converted  by  oxidation  into  anisic  acid,  CgHgO^;  by  nascent  hydrogen 
into  anisic  alcohol,  CgHjoO,,  and  forms  crystalline  compounds  with  alkaline 
bisulphites.  Ammonia  converts  it  into  anishydramide,  C24H24O1N3.  By 
alcoholic  potash  it  is  decomposed  in  the  same  manner  as  benzoic  aldehyde, 
yielding  potassium  anisate  and  anisic  alcohol: 

+  C,H^O 
Anisic 
alcohol. 

Oil  of  anise  is  a  solution  of  a  solid  substance  called  ani^e'Camphor,  having 
the  composition  Oxo^lifi^  in  a  fluid  oil  which  appears  to  have  the  composi- 
tion of  oil  of  turpentine.  The  anise-camphor  is  so  abundant  as  to  cause 
the  whole  to  solidify  at  10°  C.  (50°  F.).  By  pressure  between  folds  of  bibu- 
lous paper,  and  crystallization  from  alcohol,  the  camphor  may  be  obtained 
pure.  It  forms  colorless  pearly  plates,  more  fragrant  than  the  crude  oil, 
which  melt  when  gently  heated,  and  distil  at  a  high  temperature.  This 
substance  is  attacked  energetically  by  chlorine,  bromine,  and  nitric  acid: 
it  combines  with  hydrochloric  acid,  but  is  unaffected  by  solution  of  caustic 
potash.  With  bromine  the  solid  essence  yields  a  white,  inodorous,  crys- 
tallizable  compound,  bromanisaly  containing  C,oH,Br,0.  The  action  of  chlo- 
rine is  more  complex,  several  successive  compounds  being  produced.  With 
sulphuric  acid  two  products  are  obtained  —  a  compound  acid  analogous  to 
etbylsulphuria  acid,  and  a  white,  solid,  neutral  substance,  anisoin,  isomeric 
with  the  fluid  essence. 

The  products  of  the  action  of  nitric  acid  vary  with  the  strength  of  the 
acid  employed:  the  most  important  are,  anwic  a/</eAyrf« ;  anisic  acid;  nitra- 
ni*ie  add,  a  yellowish-white,  crystalline,  sparingly  soluble  powder;  and 
niiranisidt,  a  resinous  body  produced  by  fuming  nitric  acid. 

Furfdrol,  C5H4O,.  — When  sulphuric  acid  diluted  with  an  equal  bulk  of 
water  is  carefully  mixed  with  twice  its  weight  of  wheat-bran,  and  the  ad- 
hesive pasty  mass  obtained  is  exposed  in  a  proper  vessel  to  the  action  of  a 
current  of  steam,  which  is  afterward  condensed  by  a  worm  or  refrigerator, 
a  liquid  is  obtained  which  holds  furfurol  in  solutloiv.  ^^  T^^ve5C^^>Xwv 
•everal  tines  repeated,  the  first  half  of  the  Ai<\>ud,  QiA^  \i^\\^^^0\^<i^.^^^^'^ 


2C.H80, 

+ 

KOH       s 

=      CgH^KO, 

*    •  • 
Anisic 

Potassium 

aldehyde. 

anisate. 
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fiirfiirol  can  tie  oxtrttcied  from  the  water,  and  tlien  hy  dlninTition  i1(ID0 
ol)titiite>i  in  a  state  of  purity.  The  produciioD  of  furfurol  w  very  frvutlf 
incriisutiifd,  ininl  Lhe  op^rtLLtou  much  f&cilii&ted,  by  previutisly  deprivia^  tJi« 
t)ran  of  nil  siurub,  glut  in,  and  Boluble  mailer,  by  sieepiug  it  in  cold  ditutt 
Poluliuii  of  caut^tic  pulush,  and  waahing  and  drying  by  gentle  heat  arts 
the  suu.  ^Uceration  in  cojd  water  for  some  time  aaswer»  the  same  pi«^ 
pos«,  owing  to  ihii  lactic  acid  formed  in  that  case,  p^j-r...  i  i. .,,  ^  p,;^ 
jL-llow  color,  and  a  fragraut  odor  like  that   of  oil   of  .  -  rpecillc 

gravity  is  1165,  and  it  boils  at  162°  C,  (324*>  F.).  diatiUi:  _  ..g«d.    It 

ditisolves  in  all  proportions  tu  alcohol  aiul  lo  a  very  con>i  i  i  i  »  ^•IL«Atia 
water*  and  is  readily  destroyed  by  strong  acids  and  cau^^iic  nil^  Ji««).  *^*^ 
cially  when  iiided  by  heat*  The  specific  gravity  of  iu  vapor  i*  S*4*Jl 
Fur  fur  ol  may  be  converted  into  silver  pyromucate  by  treating  it  a  aqutooi 
solution  with  silver  oxide  : 


2CiHp,    +    8Ag,0    ^    aCgHpigO,    -h    2A«,     +     OH, 


»m   J 


In  contact  with  aolutlon  of  ammonia,  furfarol  Is  coitTerted  in  a  few 

hours  Into /ur/uraitiidf^  ^ij^ta^^i^r  *  yellowish-white,  crystalline,  in^olaUe 
BiibBtancet  which  is  dt'composed  slowly  by  water»  and  int^tantly  by  aa  »nd» 
into  nmmoniaand  furfuroL  It  may  be  crystalliied  from  alcohol,  hgir«ter, 
in  which  it  dissolves  without  change.  W  hen  boiled  with  dilute  poiaflli.  It 
i»  converted  into  the  isomeric  compound  fur/urine,*  which  is  a  ba^e  form- 
ing ueinite  salts  with  acidg. 

Fi  rii.'iOL.  —  By  treating  geveral  varieties  of  fucue  \xith  sul| 
Lacily  the  aame  manner  as  in  the  preparalion  of  furfurol,  1' 
obtained  u  scries  of  Hiibstiuncej^,  which  he  dcHignates  by  t''-- 
/ucu4tatmdf,  und  fucunmr.     They  have  exactly  the  same  > 
corresponding  terms  in  the  forfurol  seriet)^  and  also  mo^i 
ties,  but  differ  in  some  details. 
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Tliege  bodies  are  derived  frotn  nldebydcB  by  substitaLion  of  an  ikuliob 
radical  for  hydrogen  in  the  group  CUH ;  thus: 


Aoctic  aldehyde     * 
Acetic  ketone  or  Acetano 


CHj.CaH 


^ 


They  mav  be  rt^irded  as  compounds  of  akohd-radlcals  with  acid  ndl- 
cjils  —  aeVtone,  for  example,  ns  inelhyl-acelyl ;  or  as  compounds  of  «i^ 
hiuiyl,  C0''^  with  two  univalent  alcohol -radicals,  which  may  he  cdther  th» 
ftame  or  different;  e.  y.  r 

Aeetcne  or  methyl-  Methyl  propyl, 

acetyl. 

The  c»nly  bi^dtcs  c»f  this  claims  that  have  been  carefully  atudled  ar<?  thas? 
which  correspond  to  the  aldehydes  ClII^O,  or  to  the  fally  acids  «    ' 

The  niiuicti,  formltIa^  and   boiling  poinlji  of  the  best  known  ke:'^ 
Ihis  aerlci  ftre  gi^eui^  ihe  following  table: 


♦  ibiAQptvA^vi'iapuM^ 
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Acetone,  or  Methyl-ftfCetyl     . 
EUiyl-«cetjrl | 

{Isopropyl-ecetyl 
PropylHUjetyl | 
Propioiie,  or  Ktbyl-propyl     . 

fMethyl-valeryl 

[  Bthjl-bntyryl 


a|  rifobotyl-ece^l 

£  I  (Bntjrone,  or  Propyl-botyryl 


YormuU. 


Sine 


Boiling  Poiikt. 

MP  a 

18«oF. 

81©    u 

1780" 

M-6^" 

Mfiu 

101©    « 

2140  « 

imp  •* 

814©  « 

170P    « 
1280    « 

2480U 

1880    « 

280^" 

a»i"  «• 

The  ketones  of  this  group,  containing  two  equiTalents  of  the  same  &I00- 
hol-radical,  are  produced : 

1.  By  the  action  of  carbon  monoxide  on  sodium  ethide  and  its  homo- 
logues: 

CO    +    2NaC.H,.+i    =    Na,    +    CO(C.H,.+,), 
For  example : 

CO        +        2NaC,H.  =        Na,        +        CO(C,H.), 

Carbon  Sodium  ethyL  Propione. 

monoxide. 

2.  Bj  the  action  of  linc-methyl,  and  its  homologues,  on  the  acid  chlorides, 
C.Hjpi«jOCl;  e,g,: 

+      2C0CH,a    =    ZnCl,    +    2C0(CH,), 
Acetic  Acetone, 

chloride. 


2Sn(CH) 
Zinc  methide. 


8.  Bj  the  oxidation  of  the  secondary  alcohols ;  thus : 

CH(CH,),.OH        +        O      =      OH,        +        C0(CH,), 
Isopropyl  alcohol.  Acetone. 

4.  By  the  dry  distillation  of  the  calcium-salts  of  the  fatty  acids ;  e,  g. 


r0(C0CH,) 
i0(C0CH,) 
Calcium  acetate. 


Ca^^ 


=         COCa^^O, 


CO(CH,), 
Acetone. 


Calcium 
carbonate. 

The  ketones  formed  in  this  manner  ft-om  the  successive  members  of  the 
fatty  acid  series  differ  from  one  another  by  twice  CH,;  thus: 

Acetic  acid    .     .     .  C^H^O,,  yields  Acetone .     .  .    C^HgO. 

Propionic  acid      .     .  CgH^O,,      **      Propione .     .  .  C^Hj^O. 

Butyric  acid       .    .  C^HgO,,      **       Butyrone    .  .    Qi^l^^fi, 

Valeric  acid     .     .     .  C,H,oO,,     ««      Valerone  .     .  .  C,HigO. 

The  intervals  are  filled  up  by  ketones  containing  different  alcohol-radi- 
cals ;  thus  ethyl-acetyl,  C^U^O,  or  C,U^ .  COCHg,  is  intermediate  between 
acetone  and  propione. 

The  ketones  containing  two  different  alcohol-radicals  may  be  obtained 
by  the  second  of  the  processes  above  given ;  e.  g, : 


2C0CH,C1 

Acetic 
ehloride. 
S9 


+ 


Zn(C,H,J, 
line  ethyl. 


Zinc 


ZnCl,    + 


2C0(CH,MC,H.) 


I 
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Or  by  distilling  a  mixture  of  tbe  cAlcium-Balta  of  two  different  ffttlj  i 
thus: 

Cm(COC,n.),    ^     Cft{COCH,},    =     2C03Ca     -j-     iJr-  ^^H.) 

Vftlerate,  AceUtc,  1  vL 

Tb<*  formation  of  aldehydes  by  dialilling  a  miiture  of  a  formate  with  iU 
Bait  of  another  fatty  acid  (p.  6S4j,  is  a  particular  case  of  tbia  last  reaciittit 

Auother  mode  of  pro  dyeing  iheac  compoundjg  ba^  been  given  by  Frank* 
land  and  Duppa>*  depending  on  the  eoajtecutiTC  action  of  Bodium  and  tbe 
iodides  cif  the  Alcohol-radkals  CaH,n-|-i>  ^^  acetic  ether;  but  we  ttust  be 
content  with  referring  to  iL 

Eyery  keione  is  iBomerio  frith  an  aldehyde  belonging  to  the  same  serie«; 
thus  acetone,  CHj.  COCHj,  is  isomeric  with  propionic  aldehyde,  CjHj.COU; 
butyrone,  CjH,  .  COC,H-,  with  oenanthylic  aldehyde,  C^H„  .  CUH,  A«. 
Formic  acetone,  1! ,  COH,  is  identical  with  formic  aldehyde. 

Ketones  resemble  aldehydes  in  forming  crystalline  eompounds  wilh  tl* 
kaline  bistilphiies,  from  which  the  ketone  may  be  liberated  by  di»lillati«D 
wilh  an  alkali.  They  differ  from  the  aldehydes  :  1.  Jn  not  being  conTerted 
by  oxidation  into  the  corresponding  acidic.  —  2-  In  being  converted  by  oii^ 
cent  hydrogen  into  secondary  alcohols,  whcre&a  the  aldehydea  are  con- 
Terted  into  primary  alcohols.  —  3.   In  not  combining  with  aniline. 

The  only  ketone  that  has  been  studied  in  detail  is  acelime^  C^HgO,  the 
ketone  of  acetic  acid.  This  bociy  is  prepared,  as  already  observed,  by  the 
de.Htruetive  dialillution  of  aceiates^  the  calcium  or  the  lead  sail  being  the 
moHt  convenient  for  the  purpose.  The  crude  distillate  19  saturated  wilk 
potassium  carbonate,  and  afterwards  rectified  in  a  water-batb  from  calciaia 
chloride.  Acetone  may  also  be  prepared  hy  passing  the  vapor  of  »tr»ag 
acetic  acid  through  an  iron  tube  heated  to  dull  redneas,  the  acid  beinf  re- 
solved into  acetouOi  carbon  diox^ide,  carbon  monoxide,  and  carburetted  bj* 
drogen. 

Acetone  is  also  produced  in  the  destruotiye  diBtillation  of  citric  acid,  and 
may  be  procured  from  sugar,  starchy  and  gum,  by  difttillatioo  with  tight 
times  tbeir  weight  of  powdered  quicklime.  The  acetone  Ib^  in  this  ca»e, 
accompanied  by  propioiie,  whieh  is  an  oily  liquid,  separable  from  the  ace- 
tone by  water,  in  which  it  is  insoluble. 

Pure  acetone  is  a  colorless  limpid  liquid,  of  peculiar  odor:  it  has  a 
density  of  0-792,  and  boils  at  55-5«'  C.  (132''  F, ) :  tbe  density  of  itj  fapor 
(referred  to  air)  is  2'6S3.  Acetone  is  Tory  inflammable,  and  bums  with 
a  bright  flame:  it  iq  mJBcible  la^;jidl  proportiotia  with  water,  alcohol^  ud 
ether.  .,        ^      *  '  ,1 

A'aitent  h/dro^ep.  ciynweris  It^intia  w^tf^py}  alcohol  (p.  &S1);  but  at  th* 
same  time  a  portion  of  the  acetone  doubles  its  molecule,  and  likewise  tak«s 
up  hydrogen,,  being  thereby  converted  into  a  crystalline  submtnnce,  />«w* 
coTif,  C^H,^0,  ^=  2C,H^y  -f-  H,.  which  is  perhaps  a  diatomic  alcohoL 

Acetone  treated  wiiti  /iv</''onyaniie  anVf,  water,  and  hydrochloric  acid,  tt 
converted  into  acetonic  am4%  GJJ^O,,  isomeric  or  identical  wilh  oxy butyric 
acid: 

Cflfi    -f    CNH    ^    20H,    4-     HCl    =    KH^Cl    -f    C^H/)^ 

When  acetone  is  heated  to  100**  with  ammonta,  the  two  unite,  with  elimiat- 
tion  uf  waiLT,  roruiing  a  ba?«io  compound,  acttonme,  related  to  acetone  to 
the  same  manner  as  amariue  (p.  61WJ  to  benzoic  aldehyde; 

3C,R,0      +      2NH,      =      K,(C,H,)^'',      +       80H, 
Acetone.  Acetoniue. 
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Acetone  distilled  wUhfiinUnff  tulphuric  aeid,  or  other  powerful  deliydrai- 
ing  agents,  is  conyerted  into  mesiit/Une,  ^9^11  =  8C,HjO  —  OH-  (p.  499). 
FhotpKonu  pen(aehloride  converts  acetone  into  the  compound,  G^H^ly  iso- 
meric with  propene  chloride : 

CjH,0        +        PCI.        =        PCljO        +        C,H,Cly 

This  chloride  differs  in  boiling  point  from  propene  chloride,  but  resem- 
bles the  latter  in  its  reaction  with  alcoholic  potash,  which  conyerts  it  into 
chloropropene,  C,H,C1,  identical  with  that  obtained  from  propene. 

HydrocMorie  acid  likewise '  conyerts  acetone  into  a  body  composed  of 
CgHjCl,  but  isomeric,  not  identical,  with  the  preceding.  This  compound, 
called  mesityl  eMoride^  is  conyerted  by  alcoholic  potash  into  metUyl  oxide, 
(C,H.),0: 

2C,H.C1    +    2K0H     =    2Ka     +     OH,     +     (C,H,),0; 

whereas  chloropropene  treated  with  alcoholic  potash  gives  up  hydrochloric 
acid,  and  yields  allylene  (p.  486) :  C^H^Cl  —  HCl  =  C,H^. 

Of  the  aromatic  ketones  two  only  are  known,  tIz.,  benzene  and  methyl- 
benzoyl. 

Benzone  or  Bentophmone,  Ci^Hi^O,  or  CgH, .  COOgH,,  the  ketone  of  bentoic 
acid,  is  produced  by  heating  potassium  bentoate ;  it  is  a  crystalline  body 
melting  at  40«  C.  (115°  F.),  boiling  at  8I50  C.  (599°  F.),  and  distilling  with- 
out decomposition.  Warm  fuming  nitric  acid  conyerts  it  into  dinitroben- 
lone,  C„H,(NO,),0. 

Methyl-hemoyh  CH, .  COCfHy  is  formed  by  distilling  a  mixture  of  cal- 
cium acetate  and  benzoate. 
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We  bare  already  metitioQcd  (p.  237)  ih&t  the  mune  eyanogea  ia  mjfpVn 

to  the  unWalGDi  mdical  ON,  derived  from  the  saturated  molecule  C*»  <  J,   ] 

by  abatraciion  of  liydrogen.     Cyanogen  ia  a  chlorous  acid  or  negatlte  i 
icnl,  annlogoua  to  chlorine,  brotxiine,  and  lodLiie:  its  com  pounds  with  izietai 
and  oiher  positive  radicala  are  called  ct/anidtt: 

Hydrogen  fynnide,  or  Hydrocyanic  acid    .         .  C  N'^^'H 

rolassiym  cyanide C^^N^'^'K 

Ethyl  cyanide ON'^'CJI^ 

Barium  cyanide (C»»N'")JBa" 

Ethene  cyanide  , (CuS'^'i^^C^nM* 

Propcnyl  cyanide (C»'N'''),(C,il^)'^' 

Cyanogen,  in  ita  capaeity  of  %  quaai^elemtnt,  ii  often  repreieialed  by 

symbol  Cy. 

C^anoffm  in  the  free  state,  C,N^  or  [         ,  may  be  obtained  bj 

posing  certain  metallic  cyanides,  Pulvcriicd  and  well-dried  merourle 
anide,  (CNJ^ng^^f  heated  in  a  Bmall  retort  of  hard  glastf,  undergoes  d 
poBitlon,  like  the  oiide  under  similar  circumitnnce^,  yielding  metalUe 
cury,  a  stimll  ijuaoUty  of  a  brown  «ub8i^anee,  of  which  mentioQ  will  again 
be  made,  and  cyanogen  itaclf,  a  colorless,  permanent  ga9,  which  matt 
be  collected  o?er  mercury*  It  has  a  pungeut  and  very  peculiar  odor, 
remoiely  resenibling  that  of  peach-kernels,  or  hydrocyanic  Acid;  expofttd 
while  at  the  temperature  of  72°  C,  (46*^  F/)  to  a  pressure  of  3-6atinni«pher«a, 
it  condi'Ujics  to  a  thin,  colorless,  transparent  liquid.  Cyanogen  is  inflam- 
mable :  it  burns  wiiL  a  beautiful  purple  or  peach*blos»oui-colored  flame, 
generating  carbon  dioxide,  nnd  liberating  nitrogen.  The  specific  gravitr 
of  this  gas  is  IHtM,  ha  compoi*iJion  may  be  demonstrated  by  mixing  it 
with  twice  its  mea.«mre  of  pure  ox j gen.  and  firing  the  miilure  in  ibe  etiiJi- 
ometer;  carbon  dioxide  is  formed  equal  in  irolume  to  the  oxygen  cnip?<-yrHl. 
and  a  volume  of  nitrogen  et|ual  to  that  of  the  cyanogen  is  set  free,  \\i\ut 
dissolTes  -t  or  5  times  its  %*olume  of  cyanogen  gaa.  and  alcohol  a  imitti 
larger  quantil:y  :  the  solution  rapidly  decomposes,  yielding  ammonium 
alate,  (C,N,+  40H,  ^  Cj(NH^)30j,  a  brown  insoluble  matter,  and  ot 
products. 

Pabactahooew,  —  This  is  the  browra  or  blackish  «nb«t*ncc  above  re- 
ferred io,  which  is  always  formed  in  small  quantity  when  cyanogen  » 
prepared  by  heating  m  err  uric  cyanide,  and  probably,  alpo,  by  the  decom- 
position <tf  solutions  of  cyanogen  and  of  hydrocysnic  acid.  It  is  insoUi^'le 
in  water  and  alcohol,  if*  dissipated  by  a  very  high  temperature,  and  coo- 
ininSt  according  to  Johnston,  carbon  and  nitrogen  in  the  same  proporttoB 
an  cyanogen. 
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Hydrogen  Cytnide;  Hydrocy&nio  or  Pruasie  Acid,  HCj. — This  very  im- 
poitiint  €om|>oiiii*i.  iio  \vvy  remarkiible  for  its  ptiiMmoiia  properties^  waa 
diacovcred  as  early  &a  1782  by  Scheele.     It  may  be  forniuli*le<i  as  a^omeihanCf 

C-'-j  „     ;  Ihat  is  to  8ay^  taetliane  or  marsb-gas  bmriog  three  of  it»  bydro- 

gen-iitoraa  replaced  by  rkitroRt^n.  or  as  m^thm}jl  niirilf,  (rH)^'^N,  thut  is, 
ammonia  in  which  tbo  three  atoms  of  hydrogen  are  replaced  by  the  LriTa- 
lent,  radical  metbenyl. 

Jlyclroeyanic  acid  may  be  prepared  in  a  etate  of  purity,  nnd  atihydrouB, 
by  the  following  process*:  A  long  glass  lube,  filled  with  dry  nieccuric  cynn- 
idc,  ifl  connectefl  by  one  eilreoiiry  with  an  arrangement  for  furnisbitig  dry 
sulphtiretied  hydrogen  gas.  while  a  niirrow  tube  ittiachiid  to  tbo  other  end 
is  made  to  pa?3  into  a  narrow-necked  pblsil  plunged  into  a  freezing  mix* 

Hture.  Gentle  heat  is  applied  to  the  tube,  the  eonteut.H  of  ivhidi  suffer  de- 
^eompoRttion  in  contact  with  the  gaft,  ni  ere  uric  ftnlphide  and  hydrogen  cyan* 
•Ide  being  produced :  the  latt^^r  is  condetised  in  tlie  receiver  to  (he  liquid 
form.  A  little  of  the  mercuric  eynltide  Hliould  be  left  uudecompo^ed,  to 
Jiroid  conlamtnation  of  the  product  with  sulphuretted  hydrogen.  The  pure 
acid  is  a  thin,  colorless,  and  exceedingly  voUlile  liquid,  which  has  a  deu- 
Bity  of  OlOSa  at  7'2''  C.  {45**  F,),  boils  at  *J0  l**  C.  {1^  F  ),  and  i*oIiditie8, 

Kwhen  cooled*  to — \%'°  C.  ( — 0-4^  F.);  its  <>  lur  is  yi^ry  powerful  anJ  most 
fharacterislic,  much  resembling  that  of  peach-blossoms  or  bitter-almond 
«il ;  it  h»«  a  Tcry  feeble  acid  reaction,  and  mixes  with  water  and  ideohol 
In  all  proportions-      In  the  nnhydrauii  state  this  Bubstance  const ilutea  one 
•4}f  the  tnosi  formidablo  poisons  known,  and  even  when  largely  diluted  with 
water,  its  effects  upon  the  animal  Kystem  arc  exceedingly  energetic;  it  is 
employed,  however^  in  medicine,  in  very  small  doses.     The   inhalation  of 
-the  vapor  should  be  carct*ully  avoided  in  all  experiments  in  which  hydro- 
rayanic  acid  is  concerned,  as  it  produces   boadacbe.  glddineiKs.   nnd  other 
[disagreeable  Byiiiploms:    ammrinia  and  chlorine  are  the  best  antidotes. 

The  acid  in  its  pure  form  ciiti  scarcely  be  preserved  :  even  when  enclosed 
fn  a  carefully  slopped  bottle,  it  is  observed  after  a  very  short  lime  to 
Bftrkcn,  and  cventuiilly  to  deposit  a  black  substance  conlaining  carbon, 
nitrogen,  and  perhaps  hydrogen:  ammonia  is  formed  at  ihe  same  time,  and 
Ena^y  other  products.  Light  fnvors  ibis  decomposiiinn.  Even  in  a  dilute 
ftondition  it  is  apt  to  decompose,  becoming  brown  and  turbid,  but  not  al- 
Ifays  with  the  same  facility,  some  samples  rcsi sling  chnnge  for  a  great 
ength  of  time,  and  then  suddenly  solidifying  to  a  bronvn^  pasty  mass  in  m 
'w  weeks. 

When  hydrocyanic  acid  is  mixed  with  coneentraled  mineral  acids,  hydro- 
chloric acid»  for  example,  the  whole  aolidilies  to  a  cryBlalliue  paste  of  sal- 
Diinonl&a  and  formic  acid  : 

CNH        -f        2H,0        =        KH,        -f        QUfi^ 

On  the  other  band,  when  dry  ammonium  formate  is  heated  to  200**,  it  is 

ilm(»st  entirely  convened  into  hydrocyanic  acid  and  water. 

•^  Aqtieotis  solution  of  bydrocynnic  acid  may  be  prepared  by  rarjous  means. 

'^'^he  most  economiatl.  and  by  fur  the   best,  where  considerable  f]uantitle« 

are  wanted,  is  to  decompose  yellow  potassiutn  ferrocyanide  at  boiling  heat 

with  dilute  sulphuric,  acid-     For  example,  5U1I  grains  of  the  powdered  fer* 

DCyaiiidc  may  be  dissolved  in  four  or  five  ounces  of  warm  wuler,  and  in- 

Kiroduced  into  a  cnpaeious  flask  or  globe,  connected  by  a  perforated  cork 

tid  wide  bent  tube  with  a  Liebig's  condenser  well  supplied  with  cold  wa- 

er;  300  grains  of  oil  of  vitriol  are  diluted  Avith  three  or  four  times  aa 

Quch  water  and  added  to  the  contents  of  the  flask;  and  the  di«>tiilV«.v\«:k\v  \% 

irried  on  till  jibout  half  the  lit]|uiil  has  dVsliUed  ox^t^  ^\st\  v(\\\c\v  \Na.«fc  \x'2»- 

lew  m»x  ^^  i/jU'iTupteJ.      The  residue  in  the  t^lotl  '\%  ^  vi\v\N.«;  ^ix  ^^^^^ 

69*^ 
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IDA88,  flOniistlng  of  potassio-ferrous  ferrooj^nide  (Me  p.  707),  i&litd 
potttiwitLiii  fiulph&te  I 

^  2K,Fe'''Cy,    +    S80,H,    =     6HCy     -f     K,Fe"/:y,     -f     SSO^K, 

^»^^    Potasflium  Hytirogea      Hydrogea         PotJi^sio-  Poussiuin 

^^^^Uerrocyamdo.  sulpbftie.        cj&nide.  ferrous  »iilphMe. 

^^^^V^  ferrocjimide, 

^V^^Wben  bydrocyatilc  Acid  is  wanted  for  the  purposes  of  phariniey,  it 
^H     best  to  prepare  »  strong  solution  in  the  nmnner  above  described,  and  thri 
^m     having  jL&certaincd   its  exact  strengtb,  lo  dilute  il  with  pure  %%  .  • 

^t  Biandibrd  of  the  Pharmacopoeia,  tix.,  2  per  cent,  of  real  acid,  1 
^^  nation  is  best  made  by  precipitating  with  ex^oess  of  silver  nitrau  »  » 
weight  of  the  aoid  ia  be  tried,  colleciing  the  insoluble  silver  eyanide 
a  small  filter  previously  weighed,  washing,  drying,  and  lastly  rewf  ifbi 
tlie  whole.  From  the  weight  of  the  cyanide  that  of  the  bydroejaiiio 
can  be  easily  calculateil,  a  molecule  of  the  one  (CNAg;=134)  eorrespoodlag 
to  a  molecule  of  the  other  (CNH=27) ;  or  the  weight  of  the  silver  eyani'" 
may  be  divided  by  6,  which  will  give  a  close  approiimation  to  the  truth. 
Another  very  good  method  for  deiermining  the  amount  of  hydroeyw 
aoid  in  a  liquid  has  been  suggested  by  Liebig.  Il  is  bailed  upon  the  pi 
perly  possessed  by  potassium  cyanidit  of  di^^olving  a  quantity  of  »ilT( 
cyanide  sufficient  lo  produce  with  it  a  double  cyanide  containing  equitslei 
quantities  of  silver  cyanide  and  potAsKium  cyanide  (KCy  .  A glTy).  Hea< 
a  solution  of  hydrocyanic  acid,  which  is  Ftipersatu rated  with  potash,  ai 
mixed  with  a  few  drops  of  aulufion  orconimon  salt,  will  not  yield  a  p< 
nenl  precipitate  with  silver  nitrate  before  the  whole  of  the  hyd 
acid  is  converted  into  the  above  double  ^alt.  If  we  know  the  am 
silver  in  a  given  volume  of  the  nitrate  solution,  it  is  etisy  to  calculfti 
quantity  of  hydrocyanic  acid:  for  this  quantity  will  jfliind  to  the  amoui 
1^  of  silver  in  the  nitrate  consumed,  as  2  molecules  of  hydrocyanic 
^m     atom,  of  silver^  a.  e,  : 

^M  108  :  54  =-  silver  consumed  :  z. 


"  It  is  a  common  remark,  that  the  hydrocyanic  acid  made  from  potaaslum 
ferrocyanide  keeps  better  than  that  made  by  other  means.     The  cause 
this  is  ascribed  to  the  presence  of  a  trace  of  mineral  acid.     Everitt  fouii 
that  a  few  drops  of  hydrochloric  acid,  added  to  a  large  bulk  of  the  puH 
dilute  acid,  preserved  it  from  decomposition,  while  another  portion,  not  i 
treated,  became  completely  spoiled. 

A  very  convenient  process  for  the  extemporaneous  preparation  of  i 
acid  of  definite  strength,  is  to  decompose  a  known  quantity  of  puta^ain 
cyanide  with  solution  of  tartaric  acid  :  100  grains  of  crystalliird  tartar 
acid  in  powder,  44  grains  of  potassium  cyanide,  and  2  measured  ounces  i 
diittilled  water,  shaken  up  in  a  phial  for  a  few  seconds,  and  then  left 
rcat,  in  order  that  the  precipitate  may  subside,  will  yield  an  acid  of  ve 
nearly  the  required  strength.  A  little  alcohol  may  be  added  lo  cotnple 
the  separation  of  the  cream  of  tartar:  no  filtration  or  other  treatment  nel 
be  employed. 

The  production  of  hydrocyanic  acid  from  bitter  almonds  baa  been  alrea 
menlioned  in  connection  with  the  history   of  this  volatile  oil.     Bitter 
monds,  the  kernel**  of  plums  and  peaches,  the  seedniof  the  apple,  theleav*^ 
of  the  cherry-laurel,  and  variou!<i  other  parts  of  plants  belonging  to  the 
great  natural  order  RvftttttB,  yield  on  distillation  with  waier  a  sweet -smell- 
ing  liquiil  coniaining  hydrocyanic  acid.     This  is  probably  due  in  all  ca»vs 
to  (be  di-GompOfiitiMn  of  jimygdalin  underihe  influence  of  emulsin  on 
tase  present  lu  the   ov^aiv\c  «\.vvi<:V\iv«  V^.  b'^^Y     Hydrocyanic  acid^ 
reftdjr  formed  to  «^  couti\4<tt»V>\e  exV.*£ttlv,  va.  \^%  V^t'&  <A  >^«t.\kv\Xia.  i 
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^t  preienee  of  hydroojunic  *cid  is  detcotod  witli  ihe  utmoat  &»e»^  iU 
remarkable  odor  and  high  degree  of  ToUiilUy  Almost  Bufheicntty  chArMS* 
t€rize  iL  With  aolulion  of  silver  iiiErate  it  givea  a  dense  curdy  white  pm- 
ciprtate,  much  resemliling  the  chloride,  but  differing  from  that  substnnce 
in  not  blftckoniug  bo  readily  by  liglit,  in  being  ftolnblp  in  boiling  nitric  aeid. 
ftod  in  suffering  complete  decomposition  when  heAted  in  the  dry  stAt^,  mp- 
tallic  silver  being  left:  the  ehloriile  under  ihe  same  oircumatancee  merely 
fuaes.  but  undergoes  no  chemical  change.  The  production  of  Prussinri 
blue  by  '*  Scheele'i  test  "  is  «n  excellent  and  most  decisive  experiment,  which 
may  be  made  with  a  very  snmll  i|Uftnlity  of  the  acid.  The  litjuid  to  be  ex- 
amined IB  mixed  with  a  f*;w  drops  of  solution  of  ferrous  aulphale  and  an 
excess  of  cauetic  potash,  and  the  whole  exposed  to  the  atr  for  10  or  1 5 min- 
utes, with  agitation,  whereby  the  terroua  salt  is  partly  converted  into  ferric 
salt:  hydrochloric  acid  is  then  abided  in  excess^  which  diasolveN  the  iron 
oxide,  and,  if  hydrocyanic  acid  he  present,  leaves  PrussiAn  blue  iw  an 
insoluble  powder.  Tho  reaction  will  be  expluincd  in  oouuection  with  the 
ferrocyanidefl  (p.  it>7). 

Another  vory  d«lic*t«  test  for  hydrocyanic  iicid  will  be  men^oned  in  con- 
nection with  suipbocyanic  acid. 

Hflt&llie  Cyanldos.  —  The  most  important  of  the  metflllic  cyanides  are  tho 
following:   they  bear  tho  moat  perfect  analogy  to  the  balotd  .^alts. 

ToTASSinM  CyanidEj  CNK  or  KCy.  —  PotaBsium  heated  in  cyanogen  gaa, 
taken  fire  and  burns  in  tk.  very  beautiful  manner,  yielding  potiisaium  cy- 
anide: the  e&me  subatance  ii  produced  when  potajssiuiu  h  heated  in  the  va. 
por  of  hydrocyanic  acid,  hydrogen  being  liberated ►  When  pnro  nitrogen 
gas  is  transmitted  through  a  white-hot  tube  containing  a  mixture  of  polas- 
sium  carbonate  and  charcoal,  il  small  quantity  of  potassium  cyanide  ia 
formed,  which  setlles  on  the  cooler  portioua  of  the  tube  as  a  while  amor* 
photic  powder;  carbon  monoxide  is  at  tbc  same  time  evolved.*  If  A7.otixed 
organic  matter  of  any  kind,  capable  of  furnishing  ammonia  by  det!itrueliT4» 
distillation,  as  horn-shavings,  parings  of  bides,  &c.,  ho  hi*ated  to  rednesa 
with  potassium  carbonate  in  a  close  vessel,  a  very  abundant  production  of 
potassium  cyanide  rcaultji,  which  cannot,  however,  be  udvaotAgeously  ex- 
tracted by  direct  meana,  liut  in  practice  is  always  converted  into  ferrocy- 
aiiide,  which  is  a  much  more  stable  suhsliince,  and  crystallixes  belter. 

There  are  sevcrtil  methods  by  which  potui<»iiut!i  cyanide  may  be  prepared 
for  use.  It  may  be  made  by  passing  tho  vapor  of  hydrocyanic  acid  into  a 
cold  alcoholic  solution  of  potash:  the  salt  is  then  deposited  in  the  crystal- 
line form,  and  may  be  separated  from  the  liquid,  pressed,  and  dried.  Fo- 
tA!4sium  ferrocyanide^  heated  to  whiteness  in  a  nearly  close  vessel,  evolve* 
nitrogen  and  other  gases,  mid  leaves  a  mixture  of  carbon,  iron  carbide,  and 
potassium  cyanide,  which  latter  salt  is  not  decompoHcd  unle^^s  the  temper- 
ature ia  excessively  high.  Mr.  Donovan  recommends  the  use  iu  thi?*  pro- 
cess of  a  wrought-iron  mercury-bottle,  which  is  to  be  half  hllvd  with  the 
ferrocyanidc,  and  arranged  in  a  good  air-furnace  capable  of  giving  the 
requisite  degree  of  heal;  a  bent  iron  tube  is  fitted  to  the  mouth  of  the 
bottle  and  itiade  to  dip  half  an  inch  inio  a  vessel  of  water:  this  serves  to 
give  exit  to  the  gas.  The  bottle  is  gently  hcatmi  at  first,  but  the  tem- 
perature is  ultimately  raised  to  whiteness.  When  no  more  gas  issues,  the 
tube  is  stopped  with  a  cork,  and,  when  the  whole  is  quite  cold,  the  bottle 
ia  cut  asunder  in  the  middle  by  means  of  a  chisel  and  sledge-hainmer,  and 
I  pure  white  fused  salt  carefully  separated  from  the  black  spongy  maaa 

'  A^*^<^nT!np  tn  rrcfTit  f'Tpr-T3mr»nf«  by  MM  >ffircT]ir'Hffi'  nn«\  rli-  S<itir<l!f»vnt,  ttip  formiitlnm  of 
ej  I      '  ■  '        lioit   if  Mm'   I  '  '  !  iryrn.     If  Wv^  ^i^vmx 
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below,  nuii  preserved  in  n  well-stopped  bottle :  the  bUck  substance  Wfli- 
tainit  much  cyanide,  which  may  be  eiimct^fd  by  a  little  coUl  wnier.  H 
would  be  belter,  perhaps,  in  the  foregoing  pruce«<«»  ro deprive  the potadimit 
ferrocyanide  of  its  waier  of  eryetallixation  before  inlrodociug  ii  tal<  lite 
iron  vesj^cL 

Liebig  has  published  a  very  easy  and  excellent  procees  for  makinf  peu»* 
aium  cyanide,  which  does  not^  however,  yield  it  pure^  but  mixed  vtlk 
polaBstum  cyanatc.  For  most  of  the  applications  of  potaasitim  ty$i^ 
eleolro'platiug  and  gtldiniz;,  for  example,  for  which  a  conaidersMe^jtti- 
tity  is  now  required,  this  impurity  is  of  no  consequence,  £tfht  parts  o# 
potassium  ferrocyanide  are  rendered  anhydrous  by  gentle  heat,  and  iii<i- 
mutely  Toiied  with   3  parts  of  dr^'  potfis^iiium  carbonate:   ih"  ti 

Uirown  into  a  red-hot  enrthen  crucibie  and  kepi  in  fusion^  Wi  d 

stirring,  uniil  gas  couses  to  be  evolved,  and  the  fluiil  portiou  "i  ii.vji<<*as 
becomes  colorles*8.  The  crucible  is  left  at  rest  for  a  moment,  And  tiien  tJie 
clear  satt  deciinteil  from  thei  heavy  black  sediment  at  the  b(»ttoiii«  wlieK  (• 
principally  itictnllic  iron  in  a  6tate  of  minute  diTlei^ft.  Th9  reiiciiee  is 
represented  by  the  equation: 

K^Pe'-'Oy^     -f      CO,K,    =     6KCy    -f     CyKO  +     Fe 

Ferrocyanide.     Carbonate,      Cyanide,        Cyanate. 
The  product  may  be  advantageougly  u^ed^  instead  of  potsiieinm  terrecy- 
uiiide,  in  the  preparaliou  of  hydrocyanic  acid,  by  distiliatiou  wvitii  diUaie4 
oil  of  vitriol, 

Polassiuni  cyanide  forms  colorleaa,  cubic  or  octohedrel  «rjrst«t«.  deli- 
quescent in  the  air,  and  exceedingly  soluble  in  water:  ii  dtaaolvra  in  hoUk*^ 
iug  alcohol,  hut  separates  in  great  measure  on  cooling,  Ii  ia  reeiddf 
fusible,  and  undergoes  no  change  at  a  moderate  red  or  eveo  white  ki^lt 
wh«n  excluded  from  air;  otherwise,  oxygen  ia  absorbeil  and  the  cyaaidt 
becomes  cyunate.  Its  solution  always  has  an  alkaline  rea^'tiou,  and  mkm 
exposed  to  the  air  exhales  the  odor  of  hydrocyanio  acid:  it  is  decoiupeeel 
by  the  feeblest  uctd.%  even  the  curhooio  acid  of  the  almospJier«»»  and  wheft 
boiled  in  a  rctorL  is  slowly  converted  into  potassium  formatci  with  eef*»» 
tion  of  ammonifi.  This  salt  is  anhydrous:  it  is  said  to  be  as  poiaonout  M 
hydrocyiiuic  acid  itself. 

Pylassium  cyanide  has  been  derived  from  a  curious  and  unespcetcd 
source.  In  some  of  the  iron  furnaces  in  if^cotland,  \i  here  raw  . ..«.  i  i-»  j«mhJ 
for  fuel  with  the  hot  blasts  a  saline-lookiug  suh.Mancc  is  oe«  ^•- 

served  to  issue  in  a  fuseil  stale  from  the  tuyere-holes  of  the   i  >ni 

concrete  on  the  outside.  This  proved,  on  examination  by  I>r,  i!UIJ^  4«  Ii 
prineiprtlly  potassium  cyanide. 

Sopirsr  Cyanide,  NjiCy,  is  a  very  soluble  salt,  corresponding  eloaclj 
w^itb  the  foregoing,  nnd  obtained  by  siuiilar  means. 

Ammosium  CvANtDS,  Kn<Cy.  —  This  is  a  colorless,  crystalltzable,  *l4 
very  volatiLe  substauce,  prepared  by  distilling  a  niixtun»  of  potaeaini 
ey$nide  and  sal-ammoniac  ;  or  by  mingling  the  vafK>r  of  aohydrtiua  hyiir^ 
oyanie  acid  with  amnnmiAcal  giis ;  ur,  lastly,  according  to  th*  nh«frti^ 
lions  ijf  M.    Langloi^,   by  pa.^sing   ammonia  over   rt*d  hot    clur,  I    tt 

very  soluble  in  water,  subject  lo  spontaneous  dccompoBltioni  m.  '1| 

MKacttiic  Ctanijie,  {CN),IIg''.  or  ng'-'Cy,. — One  of  the  moat  remsrl* 
abk  pro|ierties  of  cyanogen  is  its  powerful  attraction  for  ee rt aiik  «f  lit 
less  oxidable  metals,  as  silver,  and  more  particularly  for  mercury  and  piK 
ladium.  Dilute  hydrocyanic  acid  dissolves  finely-powdered  mertwi* 
oxide  with  the  utnu)M.  ea%ft;  \W  U^x-aid  loses  all  odor,  and  yields  on  e^mp** 
ration  cryf»tn\s  of  tiverrurie.  cytvm«V<t.  "^^viwAWivw  ^L^%^v\\tt\%\Tx  Uk^*  maiinvf 
^ecompoiied  by  mwicurVc  oiAd«^  \»4i\JWA\vL\a  \\^^ta.Vfc\s«vE^^vt^aAx»*A,  ^«^ 
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curie  cyanide  is  gencmlly  prepared  from  comraon  poliLBsltim  tertoej- 
aiiide;  2  part^  of  the  ealt  are  disfiijlved  in  15  parts  o(  hot  water,  and  S 
parts  of  dry  mercuric  sulphate  are  added ;  the  whole  ia  boiled  for  fifteen 
miJiiites^  and  httcred  hot  from  the  iron  oxide,  which  separaleji.  The  solu- 
tion, oD  cooling*  deposits  the  mercuric  cyanide  in  cryHtals.  Mercuric 
cyanide  forma  whttc^  iranitlueent  prisms,  much  rejai^mbling  those  of  corro- 
8ivc  sublimate:  it  is  aoluble  in  8  parts  of  euld  water,  and  in  a  much  smaller 
quantity  at  &  higher  temperattire^  und  uli^o  in  alcohoU  The  solution  ha^  ft 
diBagreeuble  metHallic  taste,  is  vary  poisonous,  and  is  not  precipitated  by 
alkalies.  Mercuric  cyanide  is  used  in  the  Uboritory  as  a  source  of  cyan- 
ogen. 

Qthrnvi  CxAmn^^  AgCy^  hai  been  already  deacribcd.^-^mc  tyanids, 
ZnCy,*  ifl  a  white  insoluble  powder,  prepared  by  miiing  linc  acetate  with 
hydrocyanic  acid. — Cobtdi  tyanidt^  Co(.'y*,  is  obtained  by  similar  means: 
it  is  dirty- white,  and  insoluble.  —  PuUitfiium  eyarndt,  PdCy^,  loriifs  a  yel- 
lowish-white precipitate  when  the  chloride  of  that  metal  is  mixed  wiUi  » 
soluble  cyanide,  inciudiug  that  of  mercury.  —  Auric  effvnide^  AuCyj,  it 
ye llo wish' white  and  insoluble,  but  freely  dissolved  by  solution  of  potas- 
sium cyanide. 

Iron  Cyawtubs. — These  compounds  are  scarcely  known  in  the  eeparate 
state,  on  account  of  their  great  tendency  to  form  double  linlts.  Ou  adding 
potassium  cyanide  to  a  ferrous  salt,  a  yellowish-red  tlocculent  precipitate 
is  formed,  consisting  chiefly  of  ferrous  cyanide,  FcCy,t  but  always  con* 
taintng  a  certain  quantity  of  pottissium  cyanide,  and  diasolved  as  ferrocy- 
anide  by  excess  of  that  salt.  Ferric  cyanide,  FcjCy^,  is  known  only  in 
Botution.  Pelouze  obtained  an  Insoluble  green  compound  containing 
Fe^Cyg,  or  FcCyj.  Fe/\7,.  by  passing  chlorine  gas  into  a  boiling  aolulion 
of  potassium  ferro cyanide. 

The  iron  cyanides  unite  with  other  metallic  cyanides,  forming  two  rery 
important  groups  of  compounds.  caHed  ftrrroq/umfie*  and  ferriq/anitieif^  the 
composition  of  which  may  be  illustrutcd  by  the  rei^pective  potasdum'Salta : 

Ferrocynnide,  K^Fe^^Cy^,  or  4KCy.  ^e'^Cy,. 
Ferricyanidc,   K^Fc'^'Cy^,  or  8KCy .  Fc^'a^y^* 

It  will  bo  seen  from  these  formulie,  that  the  ferro-  and  ferricyanides 
differ  from  one  another  only  by  one  atom  of  uniTaleni  met&li  ajid,  accord- 
ingly,  it  is  found  that  the  former  may  be  converted  into  the  latter,  by  the 
action  of  oxidizing  (metal-abstracting)  agents,  and  the  latter  into  the  for- 
mer by  the  action  of  reducing  (meial -adding)  agents.  Thus  potassium 
ferrocyanide  is  easily  converted  into  the  fcrricyanide  by  the  action  of  chlo- 
rine, and  many  double  ferrocyanidea  may  be  formed  from  ferricyanides  by 
the  action  of  alkalies  in  preBifUce  of  a  reducing  agent;  thus  potassium 
ferricyanide,  KjFo"''Cy,,  is  easily  couTerted  into  ammonio-tripotiissic  fer- 
rocyanide, (KH4)KjFe'^Cyj,  by  iho  action  of  ammonia  in  presence  of  glu« 
cose.f 

•  Strictly  unmaking,  the  formolft  of  potiiFuftim  fpTrirynnSi!**  phontd  lio  fiRPv,  F^*"jCyB  fsisa 
la-v!*.  p.  a«'<) ;  but,  rf»r  corniijiring^  the  conifx^iiitin  M  iln^  fi  niryanidi*  wjili  ilmt  of  lljc  f«rn>- 
cyauiiW,  liitf  nirnpter  rurttiulR  ivIkjvo  given  jn  inortj  coin i'<ukiil. 

t  Thf>  frrroryMjIdiea  and  fenricyftijidtw  arc*  iinnK'ljincff  rffnrded  an  mH«  of  pccnUar  wjni- 
piMinil  rudlciilii  <H>iiUlnlng  lix*n,  vSju,  /rrrtKyanvovn^  F<*''t^ya,  and  /rrri€\fi$miffrn.  Frt'^Cv,.  th« 
Arnt  tuttling;  t|iiii'[Hviilt.'rir.  tlir  >>>viinil  trival^Mil;  l>ii1  tln-ru  in  tiutlUn^  jTinini'd  hv  tliJM  ii«j>uiiiih 


tloR.     fuT  a  cHfTTi^diotj  of  ihi''  foTnm\n<  of  lljeftti  mltSj  ujitt  uf  tlie  double  crauiifca  in  Kvuvnu. 
•M  W»tU'i  mcUotmry  of  Cliecuktry,  voL  U.  p,  20i.  ' 
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Ferrpq/anideM. 

PoTAatTCit  F«»ftOCTAiiii>fc,  K^Fe'^Gy^,  or  4KCj  .  Fe^'Cj^  oabubodIj 
ciklWd  t/fl/ow  pnnt^ifitf  of  potajfh,  —  This  important  salt  U  frtrmed  :  —  L  ftj 
digesting  precipitated  f'criou!)  cyanide  iu  a(|Ucoui)  solutifjo  of  poittsfxum. 
cyi&iiide.  —  2,  By  diguKtmg  fifrruua  hydrate  with  poU&sium  cy&JUile,  pdlanh 
being  tuTtD«d  ut  the  Miuue  time : 

6KCy     +     Fe'ai.O,    =    2KH0     ^-     K^Fc'T/^ 

3.  Ferrous  cyunido  with  ikqueoiis  potAsh : 

3F''Cy,    +     4KH0     =     2Fc''n,0,     -f-     K.Fe'^Cj^, 

4.  Aqueous  potassiuDi  cyanide  with meUUio  iron:  if  the  &ir  be  excloi 

hydrogen  is  etolvod ; 

CiKCy     +    Fe     -f-    20H,    =z    K^Fe^Ty^    -f    2K1I0    -f-    H,; 

but  if  the  &ir  has  acccBs  lo  the  liquid^  oxygen  is  ab«orbed»  and  no  hjdnpA 
in  evolved : 

6KCy     +     Fe    +    OH,    +    O    =    K^Fo^'Cy,    4-     2&B0. 

5.  Ferrous  eulpbide  with  aqueous  potassium  eyonlde : 

6K€y    +     Fe"S     «     K^     +     K^Fe"Cj^. 
G,  Any  soluble  fcrroua  salt  with  potassium  cyaoido ;  t,  g, : 
6KCy     +     SO^Fe^'     =     SO^K,     -^     K.Fe'-'Cy^ 

Pottsisium  ferrocyanlde  is  tiiftnuiactured  ou  Ihc  l&rgc  scale  by  tbefbllow^ 
ing  pru€c»!*:  — Dry  refuse  anintal  inatti^r  of  auy  kind  is  fu*!ed  at  »  red  htU 
with  impure  potuitiiiutii  e&rboDHtc  and  iron  Uliiigs,  in  a  lurge  iron  v^fKl, 
from  which  the  air  should  be  excluded  qj^  timeh  as  possible;  potftaainn 
cyauide  is  gi;Deralcd  in  large  quantity.  The  melted  moiia  is  afterwards 
treated  with  hot  woter,  which  diK^oHcs  out  the  cyanide  and  other  saltA,  iht 
cyanide  being  quickly  converted  by  the  oxide  or  gtilpbide  *  of  iron  into 
ferrocyanide.  The  filtered  golulion  is  evaporated,  and  the  first-foriDed 
cryHtals  are  puri5ed  by  re-»olntion.  if  a  f!<ufficient  quantity  of  iron  be  lOt 
present,  great  lr>^»  Is  tuenrred  by  the  decomposition  of  the  cyanide  into  ^ 
tassium  carbonate  and  ammonia, 

A  new  process  for  the  preparation  of  pofassium  ferrocyanide  haa  lale^ 
been  proposed  by  M.  0^1  is.  It  eonsisLs  in  converting  carbon  btBtilakidt 
into  ammonium  Hulphocarbonate  by  ngiiating  it  wiih  aninionium  sulfMiide: 
rs,  4-  (NHtL'S  1=  {Nil4),C8j,  and  heating  ihe  product  ihua  obtained  aiti 
pu1as»iurii  sulphide^  whereby  pata^sium  eulphocyannte  (p  717)  id  focincdt 
with  evolution  of  ammonium  sulphide  and  hydrogen  sulphide: 

2(NllJ,CSj     4-     K^     =    2CNSK     -f     2(NIfJHS     +     3H^ 

Tlie  potassium  ^ulphocyanate   is  dried^  mixed  with  finely  divided  nlrl 
iron,  and   heitted  for  a  abort  time   in  a  closed  iron  vessel  to  dull  redi  _^ 
wlirridjy  the  mixture  ia  converted  inlo  potassium  ferrocyauidei  polaafttis 
Bulphide,  and  iron  sulphide; 

6CNSK     H-     Fe,     =     K*Fe''Cy,     -f   ^Fe"S     -|.     J^S. 

By  treatment  with  water*  the  snlphide  iind  ferrocyanide  of  potassittm  aw 
diMwohed,  and  on  evaporation  the  ferrocyanide  ia  obtained  in  rry dials.  H 
remains  to  he  seen  whelbcr  this  ingenious  process  is  capable  of  bcisf 
curried  out  upon  ik  lar^e  scale. 

•  The  Bulpbnr  I*  dvriivd  from  \\v»  t^Armm^  «q&cM«  ^  ^^  f3ni^v«uVuh«  aiKl  ih»  salM^ 
mbstanOM  ua«^  ia  Ibe  Duhouluctarb. 
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Potasflium  ferrocyaTiid©  forms  Urge,  tranj*paretit»  yellow  cryitala,  K^Fo''^ 
Cy^.3  Aq.,  derived  frimi  an  ocUdtcdruu  wilb  n  ^iyu&rti  bftse:  tht-y  cU^iive 
Willi  facility  in  a  eJi  recti  on  parallol  to  the  base  of  the  oclohedroo,  oiid  tire 
lough  and  difficult  lo  powder,  Tbt?y  tlissolve  in  4  parts  of  cold  and  2  \mr\a 
of  boiUni;  wiitcr^  and  are  insoluble  in  alcoboL  Tbey  arc  pcrmunont  in  th<s 
air,  aud  have  a  mild  saline  taste.  Tiio  suit  has  no  poisonous  properties, 
and,  in  small  doses  at  leaat,  ia  merely  purgative.  Exposed  to  a  gentle  boatf 
it  loses  a  molecules  of  water,  and  becomes  anhydrous:  at  a  high  Icnipera- 
ture  it  yields  potassium  cyanide,  iron  carbide,  and  varioua  gaseous  pro* 
ducts;  if  air  bo  admitted,  iho  cyatiide  bocomcH  cyaoato. 

Potassium  ferro«.*yanide  is  a  chemical  r&a|^ent  of  great  value :  when  mixed 
in  solution  with  neulral  or  slightly  actd  salts  of  the  heavy  uietals,  it  giires 
ri»e  to  precipitates  which  very  frequently  present  highly  charsiet eristic 
colnra,  In  most  of  these  compounds  the  potassium  is  simply  displaced 
by  the  new  metal:  the  beautiful  brown  ferroeyanide  of  copper  contains, 
for  ojtampk,  Cu'^Fc/'Cy^,  or  2Cu''Cya.  Fe'X>^  ami  thai  of  lead,  Fb^', 
Fe^'Cy,. 

With  ferrous  MoltM,  potassium  ferrocyanido  gives  ft  precipitate  vrbich  19 
perfectly  white,  if  the  air  be  excluded  and  the  solution  is  cjvute  free  from 
ferric  suit,  but  quickly  turoB  blue  on  exposure  to  the  air.  It  consists  of 
pGttuno-fcfTOUi  frrrocyanide,  K^Fe'^jCy^,  or  potassium  ferrocyaoide  having 
half  the  polassiium  replaced  by  iron.  The  same  salt  ia  produced  in  (he 
preparatioQ  of  hydrocyanic  acid  by  diatilling  pot&sBium  ferrocyauide  with 
dilute  sulphuric  acid  (p,  701), 

When  a  soluble  ferrocyunide  is  added  to  the  solutiOD  of  ^ferric  »alt^  % 
deep  blue  precipitate  is  formed,  consisting  of  ffrrk  ferroq/anide^  ^^^i^Jtt'  or 
Fe'^^^Fc'^jCy,,,  or  4Fe''''Ty| .  ^Fc^'Cy^,  which  in  combination  wilh  18  mole- 
cules of  water  conj^titules  ordinary  Prussian  blue.  This  beautiful  pigment 
"li  bcsl  prepared  by  adding  potussium  ferrocyamdc  to  ferric  nitrate  or 
ehloride : 

3K^Fe''Cy,     -f    2Fe"^,Cl(     ^     ISKCl     +     fe,Cy^ 

It  la  also  formed  by  precipitating  a  mixture  of  ferrous  and  ferric  aalta  with 
potassium  cyanide : 

ISKCy     +     3Fe^'Cl,    -f     2Pe'"^Cl,    =    18KCI    +     Fe^C/ir 

This  reaction  explains  Scheele*s  test  for  prussie  acid  (p,  703).  Prussian 
blue  is  also  formed  by  ihe  action  of  air,  chlorine  water,  and  other  oxidixiiig 
agents,  on  poiassio-ferroua  ferrocyauide j  probably  thus: 

6K,Fe'',Cy,     +     O,    ^    Fe,Cy^     +     8K^Fe''Cy«    -f     Fe^O,. 

It  is  chiefly  by  this  last  reaction  that  Prussian  blue  is  prepared  on  the 
Inrge  scale,  potassium  ferrocyanide  being  first  preeipilated  by  ferrous  sul- 
phate, and  the  resulting  white  or  light  blue  precipitale  either  left  tooxidiio 
by  contact  with  the  air,  or  subjected  to  the  action  of  nitric  acid,  chlorine, 
hypochbirites,  chromic  acid,  &c»  The  product,  however,  is  not  pure  ferric 
ferrocyanide :  for  it  ts  certain  that  another  and  simpler  reaction  iakea 
place  at  the  same  time,  by  which  the  potaaaio-ferrous  ferrocyanide,  (K,Fe") 
Fe"Cy^  is  converted,  by  abstraction  of  an  atom  of  potaaaium,  into  poftu- 
uio'/errom  /crrityanidf,  ('KFe''^)Fe''''Cy,,  which  also  poasoases  a  fine  deep- 
blue  color  Commercial  Prussian  blue  is,  therefore,  generally  a  mixture 
of  thia  compound  with  ferric  ferrocyanide,  Fe^^Fe'^Xy,,,  the  one  or  the 
other  predominating  according  to  the  manner  in  which  the  process  is  con- 
ducted, 

Prussian  blue  in  the  moist  state  forms  a  bulky  precipitate,  which  shrinks 

to  1^  comparatiToly  small  compass  when  well  washed  Wi^^V  Atv^^  \i^  %.  i^i&w'Cv& 

bent.     In  the  dr/  aUte  U  is  hard  and  brittle,  muc\i  T^i%m\i\:\t!L^  m  ^.'^^ti^s^- 
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e.nee  tlie  bent  indigo :  the  freuhl;  fractured  ^urfiices  hAT«  a  b«4iiHfbl  oop> 
per-red  lustre,  gimiUr  to  that  produced  by  rubbing  indig*>  with  n  htril 
body.     PrusHian  blue  is  quite  iosoluble  in  water  and  dili,  ibi 

exception  of  oxalic  ucid^  in  a  solulion  of  which  it  dissolti  ej^ 

blue  liquid,  which  h  somclimeg  used  ad  ink:  concenU mrii   *mi  m 
oonverta  it  into  a  white,  pusty  maifl,  which  agaiti  becomes  blue  on  ad 
of  water,     Alknltef!  destroy  the  color  instantly:  they  dissolve  out  a  fi 
cyanide^  and  leare  ferric  oxide.     Boiled  with  water  and  mercuric  oxidf,  it 
yields  a  cyanide  of  the  metal,  and  ferric  oxide.     Heated  in  the  air,  Prui- 
Bian  blue  bums  like  tinder,  leaving  a  rcaidae  of  ferric  oxide.     Exposed  lo 
a  high  temperature  in  a  olose  Teasel,  it  glvcfl  off  water,  ammoDinm  cyKaitU, 
and  Ammonium  carbonate,  and  leaves  carbide  of  iron.     It    forxxtt  % 
beautiful  pigment,  both  as  oil  and  water  color,  but  haa  liitle  perman 

Common  or  ba^ic  Prussian  blue  is  an  inferior  article  prepared  hj , 
oipitating  a  mixture  of  ferrou$i  sulphate  and  alum  with  pofajsliun  ferrocy- 
anide,  and  exposing  the  precipitate  to  the  air.     It  coct&ins  alKtmisA,  vhkh 
impairs  the  color,  but  adds  to  I  lie  weight. 

Soluble  Prussian  blue  is  obtained  by  adding  ferric  chloride  to  U  tzMM 
of  pota^Eiium  ferrocyanide ;  it  is  insoluble  in  the  inline  liquor,  bat  idublf 
in  pure  water.  It  has  a  deep  blue  color,  and  probably  consists  of 
ferrous  ferricyaoidc. 

Hyoboqes  FEKnocTAiriDi  OB  Htdbofkhhootajiig  Acid,  H^Fe^Oy^  di»- 
coverod  by  Mr,  Porrett,  10  prepared  by  decomposing  ferrocyanide  «f  ' 
or  copper  suspended  in  water  by  a  stream  of  sulph  tire  tied  hydrogen 
The  liUered  solution  evaporated  in  a  vacuum  over  oil  of  vitriol,  yields 
acid  in  the  «olid  form.  If  the  aqueous  solution  be  agitated  wiih  eilier, 
nearly  the  whole  of  the  acid  separates  in  colorless^  crystalline  lamta«;  it 
may  even  he  made  in  large  quaniity  by  adding  hydrochloric  acid  to  a  tttntsg 
solution  of  potassium  ferrocyanlde  in  water  free  from  air,  and  shaking  l&t 
whole  with  ether.  The  crystals  may  be  dissolved  in  alcohol,  and  ihm 
again  thrown  down  by  ether.  Hydroferrocyanic  acid  differs  coi 
from  hydrocyanic  acid:  its  solulion  in  water  hag  a  powerfully  aei< 
and  reaction,  and  decomposes  alkaline  carbonates  with  eHerresctB^ 
does  not  diNKolve  tfiercuric  oxide  in  the  Gold,  but  when  heat  is  applied, 
dergoes  decompoaition,  forming  mercuric  cyanide  and  ferrous  cyanide: 
H,Kc''Cy.  +  UHg'^G  =  2Hg^'Cy,  -f  Fe^'Cy,  +  liOH, ;  but  the  ferrous  cy- 
anide is  immediately  oxidised  by  the  excess  of  mercuric  oxide,  with  sepa- 
ration of  metallic  mercury.  In  the  dry  state  the  acid  is  very  pemtansnt, 
but  when  long  exposed  to  the  air  in  aont^ct  with  water,  it  is  entirely  cos- 
verted  into  Prussian  blue. 

Sodium  ferroeyanidf,  Na^'Fe^'Cy^  .  12  Aq.,  orystallixes  in  yellow  fbtir* 
sided  prisms,  which  are  efflorescent  in  the  air  and  very  soluble. 

Ammonium  ftrrofyanide^  (^H4)'''Fe"Cy^ .  8  Aq.,  is  isomorphous  with  p*- 
ta^i<iuru  ferrocyanide :  it  is  eawy  soluble,  and  is  decomposea  by  ebuUttios, 
Jiarium  ftrrori/anuh^  Bn^^^Fti^'Cy^,  prepared  by  boiling  potaesiiiin  ferrocy* 
snide  with  a  large  excess  of  barium  chloride,  or  Prussian  blue  with  baryti- 
water,  forms  minute  yellow,  anhydrous  cryistals,  which  have  but  a  small  dt- 
gree  of  solubility  even  in  boiling  water*  The  corresponding  compous<if 
of  Atrnntiitm,  calcium,  and  magnewium  are  more  fircely  soluble.  The  ferr^ 
cyanides  of  jrt7i'<T,  Uaii.tine^  manganese,  and  bismtttk  are  white  ari  *; 

those  of  nickH  snd  cobalt  are  pale-green  and  insoluble;  and,  Li  d 

eopptr  has  a  beautiful  reddish -brown  tint. 

There  are  also  several  double  ft^rrocysnides.  When,  for  example,  co<B* 
eentrated  solutions  of  calcium  chloride  snd  potassium  ferrocyuude  trt 
tniiedp  a  sparingly  solub\«  en^Xu^vok^  ^ve«i\^itate  falls,  containing  K^" 
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Thc58e  BnXis  Are  formed,  as  alreiidy  ob»ervcd.  by  abstract  ion  of  metfll  from 
the  ferrocjaaidoa ;  in  oiber  words,  by  the  action  of  oxidizlug  agcnU. 

Potassium  Feeiucyakidi:,  K|Fe''''^Cy,,  often  called  red prvssiate  o/jjolmh, 
is  prepared  by  alowly  parsing  chlorin*:,  with  iigitfttioiv,  iulo  a  eomewbai 
dilut«^  actd  cold  milutioa  of  potatj^ium  furro cyanide,  until  the  liqnid  ac^nirea 
a  deep  rfddjsb-green  color,  and  ceaseB  Jo  prfcipilaie  a  ferric  salt.  The 
solution  is  evapomted  until  a  skin  begins  lo  form  upon  tbe  surtaee,  then 
filtered,  iiwl  left  lo  cool:  aud  tbt*  wait  is  puriticd  by  re-orys^lulliiation-  It 
brmy  regular,  priamatio,  or  gooaetimea  tabular  crystals,  of  a  beaudful  ruby- 
d  tint,  pcrmanc^nt  in  the  nir,  and  soluble  in  4  purljs  of  cold  wuler:  tbe 
lution  has  a  dark-greenish  color*  The  crystals  burn  when  introduced 
lo  the  flaine  of  a  cituiIIeT  and  emit  sparks.  Tbe  salt  is  deccinipoii^cd  by  ex- 
39  of  chlorine,  and  by  deoxiilixing  agetits,  as  Bulphurtitted  hydrogen. 
Iltfdrofftn  firria/anide  is  obtaiuiid  in  the  form  of  a  rcddirjh  bruwn  ttcid 
quid^  by  decomposing  lead  ferneyaoide  with  sulphuric  acid:  it  is  very 
stable,  and  is  resoWctJ,  hy  boiling,  into  hydrated  ferric  cyanide,  an  in- 
luble  dark -green  powder  containing  Feji^y^  .  3  Aq.,  and  hydrocyanic  acid, 
he  ferri  cyan  idea  of  jfoditim^  ammonium^  and  of  tlie  aika^ine  cartfuj  are  sol- 
uble;  those  of  most  of  the  other  metals  are  insoluble,  rotassium  fcrri* 
cyanide,  added  to  a  ferrio  salt,  occasions  no  precipitati*,  but  merely  a  dark- 
«niiig  of  the  reddish-brown  color  of  the  solution;  with  ffrroua  nail*,  on  the 
Otfaer  handf  it  gives  a  deep  blue  precipitate,  consisting  of  ferrous  f^rrityiimde^ 
~*ejCy,j .  X  Aq.,  or  Fe''''jFe'''''jCy|,^ .  z  Aq.,  which,  when  dry,  has  a  brighter 
I  than  Prussian  blue :  it  is  known  under  tbe  name  of  TumhutV^  fttue. 
ence,  potassium  ferricyanide  is  as  delicate  a  test  for  ferrous  salts  as  the 
How  fcrrocyanide  is  for  ferrio  salta. 

CoBALTiGYANiDKS.^This  name  is  applied  to  a  series  of  compounds  analo- 

IU9  to  the  preceding,  oonlaining  cobalt  in  place  of  iron;  a  hy+lrogen-aoid 

been  obtained,  and  a  number  of  salts,  which  much  Tosernble  the  ferri* 

cyanides.     Sevt^ral  oilier  mptuls  of  the  Bamo  isomorphous  family  are  found 


r 


pable  of  replacing  iron  in  these  compounds. 


NiTitopRussinEs  — Tbe  action  of  nitric  acid  upon  forrocyanidea  and  fer* 

rieyanides  gives  rise  to  the  formation  of  a  v^ty  interesting  series  of  new 

maXXAn  which   were  discovered   by   Dr.  Playfair,     Tbe  general   furmuta  of 

'ese  ealts  appears  to  be  M^fNOjFe^^Cyj^,  whicb  exhibite  a  close  relation 

iih  those  of  the  ferro-  and  terricyanidetf. 

The  fonmtiion  of  tho  nitroprusiitdes  appeat^  to  consist  in  Ibe  reduction 

^©f  the  nitric  acid  to  the  state  of  nitrogen  dioxide  or  nil  rosy  1.  NO,  wliich 

places  1  molecule  of  metallic  cyanide,  MCy,  in  a  molecule  of  ferricyanide, 

jFe^'^'Cyfl.     The  formation  of  these  salts  is  attended  by  the  production 

if  a  variety  of  secondary  products,  such  as  cyanogen,  oxnmide,  hydrocyanic 

"lid,  nitrogen,  carbonic  acid,  &c.     One  of  tbe  finest  compounds  of  this 

rieaigtbe  nitroprusside  of  sodium,  Na,(NO)Fe''Cyj.  2  Aq.,  which  is  readily 

»(ained  by  treating  2  parts  of  the  powdered  ferrocyaiiide  with  5  parts  of 

mmon  nitric  acid  previously  diluted  with  its  own  volume  of  water.     The 

tntion,  after  the  evolution  of  gas  has  ceased,  is  digested  on  the  water  bath, 

^ntil  ferrous  salts  no  longer  yield  a  blue,  but  a  elate-colnred  prrcipitalo. 

^he  liquid  is  now  allowed  to  cool,  when  much  pota^!^iinn  nilnite,  and  occa- 

lioiudly  o£amide.  is  deposited:   it  ij*  filti-red  and   neutralijed  wftti   sodium 

larbonate,  whicb  yields  a  green  or  brown  precipitate,  and  a  ruby-colored 

filtrate.     This,  on  evaporation,  gives  a  crystallization  of  tb<i  wvUifcXt'**  t>1  ^t^- 

Usaium  and  sodium,  togetbcr  with  tbe  mttopiuaavdc.    1\i^  ^y^^VbI^a  ^1  "^^ 
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latter  are  selected  and  purified  bj  orystalUiaUcm ;  they  are  rbomliie  and 
of  a  pplendid  ruby  color.  The  soluble  nitroprusaideB  strike  a  meet  beau- 
tiful violet  tint  with  soluble  sulphides.  This  reaction  is  recommended  by 
Playfair  as  the  most  delicate  test  for  alkaline  sulphides. 


ALCOHOLIC  CYANIDES  OR  HTDKOCTANIO  BIHEB8. 

These  compounds  play  an  important  part  in  organic  chemistry :  we  hafs 
already  had  occasion  to  notice  them  several  times  in  speaking  of  the  con- 
▼ersion  of  alcohols  into  acids  containing  a  greater  number  of  carbon-atorai. 

The  cyanides  of  univalent  alcohol-radic8&  may  also  be  regarded  as  torn- 
pounds  of  nitrogen  with  trivalent  radicals:  hence  they  are  often  caUed 
nitriles;  thus: 


Hydrogen  cyanide  H  .  CN 
Mcthjl  cyanide  C  H, .  CN 
Ethyl  cyanide  C,H, .  CN 
Propyl  cyanide  Cgll^ .  CN 
Phenyl  c>  anide       0,11, .  CN 


(C  H  y^^ 
(C,nJ/''N 

(C,H,)'/^N 
(C.H,1'//N 
(C,H,/'^N 


Methenyl  nitrile. 
Ethenyl  nitrile. 
Propenyl  nitrile. 
Quartenyl  nitrile. 
Benaonitrile. 


These  alcoholic  cyanides  are  produced : 

1.  By  distilling  a  mixture  of  potassium  cyanide  and  the  potassinm-salt 
of  ethylsulphuric  or  a  similar  acid : 


CNK 

Potassium 

cyanide. 


SO,(C,H,)K 

Potassium 

ethyl-sulphate. 


Potassium 
sulphate. 


CN .  C-H. 

Ethyl 
cyanide. 


2.  By  the  dehydrating  action  of  phosphoric  oxide  on  the  ammonium- 
salts  of  the  corresponding  acids  containing  the  radicals  CBlIte^iO  aad 
Cnllto-TO;  thus: 

CjHjOj.NH^      —      20H,      -=      r.n,N 

Ammonium  Etnenyl 

acetate.  nitrile. 


C.H,0,.Nn^ 
Ammonium 

.. 

2on, 

=          C^HjN 

Benzonitrile. 

benzoate. 

The  bodies  obtained  by  these  two  processes  are  oily  liquids,  exhibiting 
the  same  properties  whether  prepared  by  the  first  or  the  second  method, 
excepting  that  those  obtained  by  the  latter  have  an  aromatio  fragrant  odor, 
whereas  those  prepared  by  the  former  have  a  pungent  and  repulsive  odor, 
due  to  the  presence  of  certain  isomeric  compounds,  to  be  noticed  farther 
on.  Methyl  cyanide,  Ethenyl-nUrile,  or  Areionifrile,  boils  at  77**  C.  (170**  F.) ; 
Ethyl  cyan%de\  or  Propenyl-rdtrile,  at  82*'  C.  (180**  F.);  Butyl  cyanide,  or 
ValeronitriU,  at  1250-128<*  C.  (257<*-2G2o  F.) :  Amyl  cyanide,  or  Cajn-onifrile, 
at  1460  C.  {205<*  F);  Phenyl  cyanide,  or  BenzonitriU,  at  190  C**  C.  (376'*  F.). 

All  these  cranides,  when  heated  with  fuming  sulphuric  acid  or  sulphu- 
ric oxide,  undergo  the  decomposition  already  mentioned  (p.  682),  yielding 
sulpho-acids.  By  heating  with  caustic  potash  or  soda,  they  are  resolved 
into  ammonia  and  the  corresponding  fatty  or  aromatic  acid,  just  as  hydro- 
cyanic acid  similarly  treated  is  resolved  into  ammonia  and  formic  acid ; 
thus: 


CNH 
Hydrocen 
C)rMiiae, 


+      2n,o     = 


NH. 


cn,o. 

Formic 
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CN.CjHft       +        2H/)         =         NB,        +         C,IV>, 

Ethyl  Propiomo 

cyanide.  MiA. 

CN.C.H.        +        2H,0         =         NH,        +         C^HgO, 
Phenyl  Benzoic  acid, 

cyanide. 

ElKene  cyanide,  (C|H4)''(CN)p  is  obtained  by  distilling  potassium  cyanide 
with  ethene  bromide : 

CjH^Br,    +    2CNK    =    2KBr    +    CjH^CCN), 

It  is  a  crystalline  body,  melting  at  50^,  and  converted  by  alcoholic  potash 
into  ammonia  and  succinic  acid : 

C,H^(CN),    +    4H,0    =1    2NH,    +    Ofifi^, 

IsocTANiDBS. — On  examining  the  equations  just  given  for  the  decompo- 
sition of  the  alcoholic  cyanides  under  the  influence  of  alkalies,  it  is  easy 
to  see  that  the  reaction  might  be  supposed  to  take  place  in  a  different  way, 
each  cyanide  or  nitrile  yielding,  not  ammonia  and  an  acid  containing  the 
same  number  of  carbon-atoms  as  itself,  but  an  alcoholic  ammonia,  or 
amine,  and  formic  acid ;  thus : 

CN.CjHj        +        2H,0        =        NH.CjH,        +        CH,0, 
Ethyl  Ethyl-  Formic 

cyanide.  amine.  acid. 

In  the  one  case  the  alcohol-radical  remains  united  with  the  carbon,  pro- 
ducing a  homologue  of  formic  acid,  together  with  ammonia ;  in  the  other 
it  remains  united  with  the  nitrogen,  producing  a  homologue  of  ammonia, 
together  with  formic  acid. 

A  class  of  cyanides  exhibiting  the  second  of  these  reactions  has  lately 
been  discovered  by  Dr.  Hofmann.*  They  are  obt-ained  by  distilling  a 
mixture  of  an  alcoholic  ammonia-base  and  chloroform  with  alcoholic  potash ; 
for  example : 

CgH^N        -f        CHCl,        =        8HC1        +        C^H^N 
Aniline.  Chloro-  Phenyl- 

form.  isocyanide. 

The  potash  serves  to  neutralize  the  hydrochloric  acid  produced,  which 
would  otherwise  quickly  decompose  the  isocyanide.  Phenyl  isocyanide, 
when  Areed  ft*om  excess  of  aniline  by  oxalic  acid,  then  dried  with  oaustic 
potash  and  rectified,  is  an  oily  liquid,  green  by  transmitted,  blue  by  re- 
flected light,  and  having  an  intolerably  pungent  and  suffocating  odor.  It 
is  isomeric  with  ben zonit rile,  and  is  resolved  by  boiling  with  dilute  acids 
into  formic  acid  and  aniline : 

C,H.N        +        2H,0        »        CH,0,        +        CgH^N. 

It  is  a  remarkable  fact  that,  whereas  the  normal  alcoholic  cyanides  are 
easily  decomposed  by  boiling  alkaline  solutions,  the  isocyanides  are 
scarcely  altered  by  alkalies,  but  are  easily  hydrated  under  the  influence 
of  acids. 

The  isocyanides  of  ethyl  and  amyl  have  been  obtained  by  similar  pro- 
oesses ;  also  by  the  action  of  ethylic  and  amylic  iodides  on  silver  cyanide. 
They  resemble  the  phenyl  compound  in  their  reactions,  and  are  also  char- 
Mterised  by  extremely  powerful  odors.  The  repulsive  odor  possessed  by 
Um  nomuJ  alcoholic  cyanides  when  prepared  by  diatiUvti^  '^^VMsaan^Bi  ^-^^r 

•  ProoMdlDgB  of  the  Boy»l  aocVety,xvl.lU,\4]^V(A. 
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uiile  Willi  tho  ethyl -sulphate,  appears  lo  be  due  to  Ute  pre«eiiee  of  miU 
i|u«inUiiL»  of  these  isocjanideit. 

The  diflercncii  of  consLimtuiD  between  the  oarmAl  cyanitics  and  tbc  iw' 
cyanidei*  may  be  represculcd  bj  Uio  folio  wing  form  ubt,*  taking  the  mdhjl 
compoundij  for  ei.ample : 

CyaDide.  Tsocyaniao. 

In  the  isocjaaidc  the  carbon  belonging  to  the  aleoho1*ra4ioal  is  united  itl- 
recily  with  the  nitrogen;  in  the  iuoeyatiide,  only  through  the  mcdiua  of 
the  carbon  belonging  to  the  cyanogen. 

This  difference  of  structure  nia^^  perhaps  account  for  the  dilferenci 
reacEiouH  of  the  cyanides  and  itiioeyunldea  under  the  influence  of  hjiui 
agents;  thus: 


Methyl  cyanide. 

n{ck.      + 

Meihyi  lsocyaiiid&. 


2H^0        =        NH, 


fCH, 
WO'' 


2H,0         =r 


Ammonia^ 
Methylamine, 


(on 

Acetic  acid. 

cJ  O 
(oil 

Formic  acid. 


These  are  two  remarkable  polymeric  bodies,  related  in  a  very  dote 
intiumte  munner,   and  presenting  phenomena  of  great   interest       Cj 
acid  ia  formed  as  a  potaHHium-salt,  in  conjimcrion  with  poiiM!Hi>! 
when  cyanogen  gas  ik  transmitted  over  healed  hydrate  or  carl- 
tiiitHtym,  or  palsied  into  a  solution  of  the  alkaline  hant*,  the  react loii  tt^( 
bliug  that  by  which  potasaiiim  chlorateand  potaseium  chloride  are  gene 
when  chlorine  is  passed  into  a  Holuiion  of  potash,   (p.  180.)     Potai 
eyanate  ia,  moreover*  formed  when  the  cyanide  m  eipoif^ed  to  a  high 
peniture  with  ncoess  of  air:  unlike  the  chlorate,  it  beart  a  full  red 
without  tJecomposition. 

CTAjftr  Aeii*,  CNHO,  is  procured  by  heating  to  dull  rednesa  in  a 
glasa  retort  connected  with  a  receiver  eooled  by  loe,  cyanurie  acid  depri 
of  its  water  of  crystallization.     The  cyannric  acid  is  resolved*  witbotit 
other  prmliictf  i^nto  cyanic  aeid,  which  condeuees  in  the  receiver  to  a  liiai 
colorless  liquid,  of  exceedingly  pungent  and  penetrating  mlnr,  like  thi 
the  strongest   acetic  acid:    it   even  blisters  the  skin.     When  mixed 
water,  it  decomposes  almost  immediatelyf  giving  riae  to  ammonium  htear- 
bonate ; 

CNHO        +        Oil,        =         CO,        +        Nfly 

This  is  the  reason  why  the  acid  cannot  be  separated  from  a  ovanaf**  b; 
a  stronger  acid.     A  truce  of  cyanic  acid,  however,  always  esca  , 

k       position,  and  communicates  to  the  carbon  dioiide  evolved  a  pur 
sLmihir  to  Hint   of  sulphurous  acid.     The  eyanate*  may  be  easily  diiU 
gui&hed  by  thiti  nmelb  and  by  the  simultaneous  formation  of 
aall,  wfik^h  remains  behind* 
Pure  cyanic  acid  cannot  be  preserved:  ah ortly  after  its  prep»r*ti«n 
changes  apontaneoiiiBly,  with  sudden  elevation  of  temperature,  into  aPoT' 
white,  opaquCi  amoT\»\iovi«  «^\bft^.ttUVLU,e1s^\^i\tln^m*lvic,    Thta  curious 
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h&9  the  ^ame  composition  fta  cyanic  acid:  it  h  insoluble  in  wator,  nloobol,, 
'  «lhcr,  and  rHlutfi  acids:  it  dtssolveB  in  strong  oil  of  vitriol  by  the  aid  of 
I  beat,  with  evolution  of  carbon  dioxido  nml  production  of  ainmonia;  boiled 
I'jFilb  solution  of  cniistic  alkali,  it  (iissolvL'S,  auiuiouia  being  diBcngnged^  mid 
1#  mixture  of  cyanate  and  cyftnurale  of  the  base  geni^rated.  By  dry  diitiil- 
[lation  It  is  again  converted  iato  cyanic  acid. 

Pota*»ium  Ci/anafe^  CNKO.  — The  best  method  of  preparing  this  salt  ht 
according  to  Liebig,  to  oxidize  potaaaium  cyanide  with  litharge.  The 
eyanide,  already  containing  a  portion  of  cyanate,  dedcrihed  at  page  704^ 
ifi  rc-moIted  in  an  earthen  crucible,  and  finely  powdered  lead  oxidt;  added 
by  small  portions:  the  oxide  is  instantaneously  reduced,  and  the  metal,  at 
first  ill  a  slate  of  minute  diviHian,  ultimately  colleLMs  to  a  fu^ed  globuie  at 
the  bottom  of  the  crucible.  The  salt  In  poured  out»  and,  wben  cold,  pow- 
dered and  boiled  with  alcohol;  the  hot  filtered  solution  depoatts  crysTala 
of  potassium  cyanate  on  cooling.  The  great  deoxidizing  power  exerted  by 
polasaium  cyanide  at  a  high  temperature  promises  to  render  it  a  vatuablo 
Sgent  in  many  of  the  finer  metallurglc  operations. 

Another  method  af  preparing  the  cynmite  is  to  mix  dried  and  finely-pow- 
dered pola^sium  ferrot^yanidc  with  halt  its  weight  of  equally  dry  manganese 
dioxide;  heal  ihia  mixture  in  a  shallow  iron  ladle,  with  free  exposure  t<> 
mir  and  frequent  stirring,  until  the  liuder-Uke  combustion  ib  ut  un  end; 
and  boil  the  residue  in  alcohol,  which  extracts  the  potassium  cyanate* 

This  salt  crystallizes  from  alcohol  in  ttiin^  colorless,  transparent  plates, 
which  Buffer  no  change  in  dry  air,  but  on  exposure  to  moisture  are  gradu- 
ally concerted,  without  much  alteration  of  appcaraticc,  into  polnnsiutn  bi* 
carbonate,  aiamonia  being  at  the  same  time  given  utf.  Water  dissolves  po- 
tagsium  cyanate  iti  large  quantity  i  the  Roluiion  is  slowly  decomposed  in 
l^ie  cold,  and  rapidly  at  a  boiling  heat,  into  polafit^tum  bicarbonate  and  am* 
monia.  When  a  concentrated  tiolution  la  mixed  with  a  ^^ninll  quantity  of 
ilutc  mineral  acid,  a  precipitate  falls,  consisting  of  acid  potassium  Cyanu* 

le.     Potassium  cyanate  is  reduced  to  cyanide  by  ignition  with  charcoal 

a  covered  crueible.  Mixed  with  srdutJonH  of  lead  and  silver,  it  givea 
i«e  to  white  insoluble  cyauates  of  thoac  metals. 

Ammonium  nfnnnft ;    C'r^rt.  -— When  the  vapor  of  cyanic  acid  is  mixed  with 

frlBXcei^s  of  uinuiooiacal  gas,  a  white,  crye^taltine,  i^olid  substance  i8  prudueed^ 

ffaich   has  all   the  characters  of  a   true,  although  not  neutral  ammonium 

janate.     It  dissolves  in  water,  and  if  mixed  with  an  acid,  evolves  carbon 

lioxide:  with  an  alkali,  it  yields  amiuonia.     If  the  solution  bo  heated,  or 

if  I  he  orystals  bo  merely  exposed  for  a  certain  time  to  the  air,  a  portion  of 

ammonia  is  dis$sipated,  and  the  pro|>crties  of  ihe  compound  are  comjiletely 

changed,     ft  may  now  be  mixed  with  acids  without  the  least  sign  of  do* 

composition,    and    docii   not    evolve   the   smallest  trace   of  ammonia  when 

treated  with  cold  cauRtie  alkali.     The  result  of  this  eurious  metamorpho?ia 

of  the  cyanate  is  urrti,  a  product  of  the  animal  body,  the  chief  and  eharao- 

eristio  conHtitueni  of  urinc-      This  IransJoimation,  the  discovery  of  which 

I  due  to  Wiihler,  is  especially  inierCKting  as  the  tirsl  instance  of  the  arti- 

Icial  formation  of  a  product  of  the  living  organi}*m,     The  properties  of 

nrea,  and  the  nio^t  aavantageoua  methoda  of  preparing  it^  will  be  found 

);e£cribed  a  few  pages  henco. 

Ctakobic  Actt>.  OjXjIIjOj.  —  The  aubsitanee  called  m^lnm,  of  which  fur- 
lier  mention  will  be  made,  i«i  dissolved  by  gentle  heat  in  concentrated  aul- 
l^buric  acid,  the  soluliiin  mixed  with  lifj  or  iJO  parts  of  water,  and  the  whole 
naintaineii  at  a  temperature  approaching  the  boiling  point,  until  a  speci* 
wen  of  the  litiuid,  on  being  tried  by  ammonia,  no  longer  give%«v  **\\\V«fc^Ttt- 
oipiUtc  :  pcveml  day.-*  ore  required  to  efltjct  lUU  c\uu\^<£,  ^\\^  Vvt:^\\<»  <5a,\k- 
60* 
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ccntrR*ed  by  CTaporation,   depositu  on   cooling   cjninuric   ocid. 
ptirified  by  re-cry stallijnt ion.     Another,  and  pt'thapa  *iiiiplcr  10*^1 
beat  dry  an<i  pure  ureo  in  a  flask  or  retort :  the  substance  r-  *  "♦ 
off  urni^ionia  in  birge  <iUHntity^  and  at  length    becomift^  ;   iii»t> 

dirty-white,  solid,  amorphoue  maBs.  which  in  impure  cyvkh  1 

18    die^uWed  by    the  aid  of  heat   in  strung  oil   of  Tilriol,  «4i«l   nttrie 
ftddeil  by  small  poriiuns  Mil  the  liquid  becomes  nearly  colorless :  it  it 
mix***!  with  wtiter,  and  Ifft  to  cool*  whereupon  the  cyanuric  acid  sopai 
The  iirea  may  likewise  be  deeouaposed  very  convenieotly  by  gently  beati 
it  in  a  tube,  while  dry  chlorine  or  hydrochloric  acid  gas  passes  over  it    k 
mixture  of  cytinuric  ucid  and  Hal-ammoniac  refiutta,  wbtck  ia  sepanied  bj 
diss?  solving  the  In  tier  in  water. 

Cyanuric  acid  forma  colorless  efflorescent  crystals,  seldom  of  large  fiif. 
derived  from  an  oblique  rhombic  prism.  It  is  very  little  soluble  ia  coW 
water,  and  requires  24  parts  for  sohilion  at  a  boiling  heal:  it  retlilt'tif  ^ 
mils  feebly,  has  no  odor,  and  but  little  taste.  The  acid  h  triba?itr 
crystals  contain  CjNjHj,0, .  2  Aq.,  and  arc  ea»ib*  deprived  of  their  water 
crystallizalion.  In  potnt  of  stability,  cyaDuric  acid  offers  a  most  remi 
able  contrast  to  its  isomer,  cyanic  acid;  it  diMoWes,  a«  above  iiidi 
ho^  oil  of  vitriol,  and  even  in  strong  nitric  acid,  without  drcom 
atiil,  in  fact,  crystallizes  from  the  latter  in  the  anhydrous  slate. 
continued  boiling  with  these  powerful  ageiit»  resoWef  it  into  Ajaroo&U 
carhonic  acid.  _ 

The  connection  between  eyanie  iwid,  mr^a,  and  cjimune  »cid»  naylbe 
thus  recapitulated ; 

Ammonium  C3yanat«  is  oonTcrt^d  by  heat  into  ore*. 

Urea  is  decompoaed  by  the  same  means  into  cyanuric  acid  and  ammoi 

Cyanuric  ncid  is  changed  by  a  Tery  high  temperature  into  eyanio  a(  

one  molecule  of  cyanuric  aoid  splitliag  mto  S  molecules  of  ojam 

acio. 

Ethyl  Ctakatk  and  CtAXtrRATU,  —  When  a  dry  mixture  of  pot  a* 
oyaniite  atid  o(hylj*ulphnte  isdislilled,  a  product  is  obtained  which  cons^ 
of  Q  mixture  of  the  above  ethers.  They  are  separated  withtnit  difGcull 
the  cyaufite  boiling  at  (j(P  C  (140^  F.),  while  the  boiling  point  of  thecy' 
urate  is  much  higher  —  namely,  270**  C- (628^  F.).  Ethyl  cyaoate»  C!H 
CjHj.  is  a  mobile  liquid,  the  vapor  of  which  excites  a  flow  of  teart. 
fortualion  is  represented  by  the  equation, 

CNOK    -f     S0,(C^li4)K     =     gO.K,     ^     CNO .  C,Hy 

Efhyl  cyanurate  contains  0,^,0^  -  (C»H.),:  it  arises  in  this  reaction 
tht^  conh'Kccuce  of  H  molecules  of  ethyl  cyanate.  It  may  be  likewise 
tuined  by  distilling  a  mixture  of  potassium  ethylf^ulphate  and  cya«tir 
Ethyl  cyanurate  is  a  crystnlllnc  muss^  slightly  soluble  in  water,  r«»i| 
soluble  in  alcohol  and  ether,  melting  at  85**  C.  (185**  F.).  By  substiTiiti 
for  potassium  ethylsulphate,  salts  of  methyl-  and  amy  1- sulphuric  acid,  1 
correspondiug  methyl*  and  amylcompounds  may  be  obtained. 

The  study  of  the  cyanJe  and  cyanuric  ethers*  which  were  di*Cf»Tered  \ 
Wurti,  has  led  to  very  important  resulls,  which  will  be  fully  described  I 
the  section  ou  the  Organic  Bases. 

FuLHiNic  Aciij.  —  This  remarkable  componnd,  which  is  polymeric  1 
with  cyanic  and  cyanuric  ncids,  originatc8  in  the  peculiar  action   exeretA 
by  nitrous  acid  upon  alcidiol  in  presence  of  a  salt   of  silver  or   mereuC 
The  acid  itself,  or  Vvy*\irop^ett  t\v\\vui\\vvit,  W*  not  been  obtained- 
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need  not  be  pure,  in  about  J  oz.  by  meftsure  of  nitric  acid  of  Bp.  gr,  1%37, 
by  the  aid  of  a  little  lieaU  To  the  higlily  ACid  »olLiiioii,  wliile  still  bot,  2 
meABured  ounces  of  ulrobol  are  added,  and  heat  i«  jifipUcd  until  reaction 
coinojencca-  TUe  nitric  acid  ojtidiiee  piirt  of  the  okoljol  to  alduLiydo  and 
oxalic  iicid,  becoming  itself  reduced  to  uitrous  acid,  wliich,  in  luru,  act« 
upon  tbe  alcobol  in  iiiieh  a  luanner  aH  to  form  nitrouB  ether,  fulminio  aijid, 
and  water,  1  molecule  of  niirouH  ether  and  1  molecule  of  nitrous  a«jid 
coniainiag  the  elements  of  1  molecule  of  fulumilo  acid  and  2  molecules  of 
water : 

K0,C,H5     ^     NO^H      =^      CjN,H,0,      +      2OH3. 
Ethyl  nitrite.        Nitrous  FuUniuio 

acid.  acid. 

The  silver  fnlminftte  ilowly  aeparfttea  from  the  hot  liquid  in  the  form  of 
Bmall,  brilliant,  white,  Crystwlline  plates,  which  may  be  waalied  with  d little 
cold  water,  dislriliuted  upon  aeparnte  pieces  of  filter-paper  in  portions  not 
exceeding  a  grain  or  two  encli,  and  left  to  dry  in  a  warm  phkce,  When 
dry,  the  papers  are  folded  up  and  preserved  in  a  box.  The  only  perfectly 
Biife  method  of  keeping  the  aitU  is  hy  immersing  it  In  water.  Silver  fulmi^ 
nate  is  soluble  in  SO  parts  of  boiling  water,  hut  the  greater  part  crysluliiitea 
out  on  cooling;  it  in  one  of  the  moat  dangerous  substances  known,  ex* 
ploding  with  fearful  violence  when  strongly  heated^  or  when  rubbed  or 
gtruek  with  a  hard  body,  or  when  touclied  wilh  eoncentrated  sulphuric 
acid:  the  metal  is  reduced,  and  a  large  volume  of  gafieouH  matter surldeiily 
liberated.  Strange  to  8ay»  it  may,  when  very  cautiouj*ly  mixed  wilh  cop- 
1  per  oxide*  be  burned  in  a  lube  with  as  nuich  facility  as  any  other  organic 
I       substance.     Its  composition  thus  determined  is  expressed  by  tbe  formula 

NU,N,0,Ag,. 
r  Fulminic  acid  is  bibasic:  when  silver  fulmioalo  is  digested  with  caustic 
potash,  one-half  of  The  silver  is  precipitated  as  oxide^  and  a  siltner  podMsium 
fulmmtHt^  C^NjOjAgK,  is  produced,  which  resembles  the  neutral  ftilver-salt, 
and  detonates  by  a  blow.  Corresponding  compounds  containing  sodium  or 
jimmonium  exi^l ;  bul  a  pure  fulminate  of  an  alkali-metal  has  never  beeii 
formed.  If  silver  fulminate  be  digested  with  water  and  copper,  or  lino, 
the  Milver  is  entirely  displaced,  and  a  fulminate  of  the  other  meial  produced^ 
The  line-salt  tntxed  with  baryta- water  gives  rise  to  a  precipitate  uf  zinc 
L  oxide,  while  limo-baric  fulminafe^  (CjN/J^)jZn''''Ba'',  remains  in  i^olutlou. 
^Lljjifrcnric/nlminatt^  C^jO^dg'"',  is  prepared  by  a  proeess  very  similar  to  that 
r^By  which  the  silver-salt  is  obiainedi  one  pjirt  of  mercury  is  dissolved  in 
12  parts  of  nitric  aeid,  and  the  solution  mixed  with  an  equal  *[Uauti1y  of 
alcohol;  gentle  beat  is  applied,  and  If  the  reaction  becomes  loo  virdeut,  it 
may  be  moderated  by  the  addition  from  <ime  to  time  of  more  spirit ;  inneh 
carbonic  acid,  nitrogen,  and  red  vapors  are  disengaged,  together  with  a 
large  quanfity  of  nitrous  ether  and  aldehyde:  these  are  sometimes  con- 
denized  and  collected  for  sale,  but  are  said  lo  contain  hydrocyanic  acid. 
The  mercuric  fulminate  separates  from  hot  liquid,  and  after  cooliog  may 
be  purified  from  an  admixture  of  reduced  metal  by  solution  in  boiling  wa- 
ter and  re-crystallijcation.  It  much  resembles  the  silver  salt  in  appear- 
ance, properties,  and  degree  of  solubility.  H  explodes  violently  by  friction 
er  percussion,  but,  unlike  the  silver  compound,  merely  burns  wilh  a  sud- 
den and  almost  noiseless  flash  when  kindl<*d  in  tbe  open  air.  It  is  manu- 
factured on  a  large  scale  for  tbe  purpose  of  charging  pfrain«ion-raps  ;  sul- 
phur and  potassium  chlorate,  or  more  frequently  nitre,  are  added,  and  the 
powder,  pressed  into  lh«  cap,  is  secured  by  a  drop  of  varnish. 

The  rt^lation  *>f  composirion  between  the  three  isomeric  acids  are  benuli- 
fully  seen  by  con»puriug  their  silver  salts:  the  fir^t  Ke,\dL  \%  is^ww^^wv^.^ 'Oiv'^ 
Accund  biba^ic,  uud  Lha  titiVAi  tribos^iu; 
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^^^^^^^Li  Silver  fulramate 

^^^^^^^^^  Silver  cyanurftte 

Until  lately,  beyond  thAi  of  identity  of  composition*  no  relmtion  mi 
known  to  emi»t  between  fulminic  acid  and  it«  isomers.  Dr.  GUd^«ii«  lui% 
bowever,  shown  that»  when  a  solution  of  copper  fulminate  is  mixed  ifldi 
excess  of  ammonia,  filtered,  treated  with  sulpburetred  hydrogen  in  vutm 

Pand  agttin  ilti^red  from  the  insoluble  copper  Bulphide,  the  liquid  obtained 
is  a  mixed  sohilion  of  urea  and  Ammonium  aulpbocjanate. 
Another  view  regarding  the  constitution  of  fulminic  acid  wi^  t '  i 
by  Oerhardt.     The  fulminates  may  be  considered  as  methyl  c\ 
nitrile),  in  which  one  atom  of  hydrogen  ig  replaced  by  NOj  ani  ^  ^  5 

'  hydrogen  by  mercury  or  silver: 

CxNCHHH  .     .        ,         .         .         Mel hTl  cyanide. 
CNCrNOjUf,  .         .         .         Silve?  fulminat*. 

,  CNCtNO,)Hg'''        .         ,         .         Mercuric  fulminate, 

^H  This  view  haa  received  some   support  by  the  interesting  obserratiaftt 

^H  lalely  made  by  Kekul^,  thiil  the  action  of  chlorine  upon  mercuric  fulmlaatf 

^^m  gives  rise  to  the  formation  of  chloropicrin,  CCI^NO,  (p.  53vt>,  a  tnbstaiice 

^^P  orijzinnlly  obtained  by  l^tenhouse,  TvLich  may  be  viewed  as  chroroforin,  tiic 

t  hydrogen  of  which  is  replaced  by  NOj.     The  counection  of  fulminic  acid 

'  with  the  methyl  series  is  thus  established. 

FutMiNURiG   Acin,  CjNjHjO,.  —  This  acid»  isomeric  wi«h  cyannric  acid, 

j  was  ditscoTcred  simultaneously  by   Liebig  and  by  Scbischkoff.     It  Is  vih- 

I  tained  by  the  action  of  a  soluble  chloride  upon  mercuric  fulminate,     Oa 

boiling  mercurio  fulminate  with  an  aqueous  solution  of  potassium  chloride, 

the   mercury-salt  gradually  dbsolves,  and  the  clear  solution,  after  some 

'  time,  becomos  turbid,  in  consequence  of  a  separation  of  mercuric  oxide; 

it  then  contains  potassium  fulminurtue: 

;  SC.N,0,Hg''  +  8KC1  +  OI^s  =  4^C1  -f  2HgCl,  -f  Hg'^'O  4-  2C,N^I1K, 

I  Mercuric  Potaaeiuni 

fulmitmte.  fuliuluurate, 

I  If,  instead  of  potassium  chloride,  sodium  or  ammonium  chloride  be  em- 

I  ployed,  the  corresponding  sodium  and  ammonium-compounds  are  ohtattiiHl 

I  The  fulniinuratej*  crystallize  with  great  facility  ;  they  are  not  explostw. 

Fulminurio  acid   has  the  same   composition  as  cjanurle  amd,  but  tt  iB 
monobasic,  whereas  cyanuric  acid  is  tribasio. 

Cyanogen  Ciilohides. — Chlorine  forms  with  cyanogen,  or  Ub  eletnenl*, 

*  two  compounds,  which  are  polyuierlct  and  correspond  to  cyanic  and  c>aa* 
uric  acids.     Gu^tom  cyanogen  chioride,  CyCl,  is  formed  by  passing  chlorine 

*  gas  into  anhydrous  hydrocyanic  acid,  or  by  passing  chlorine  over  moist 
'  mercuric  cyanide  contained  in  a  tube  sheUerod  from  (he  light.  It  is  a  p*r- 
»  manent  and  colorless  gas  at  the  temperature  of  the  air*  of  tmiiuppf»rtabjt 
I  pungency,  and  soluble  to  a  very  con.siderahle  extent  in  water, 

ether.     At  — 18°  C.  (tP  F.)  it  congeals  to  a  mas^  of  colorless  o 
at  — 15*  C.  (5''  F.)  melt  to  a  liquid  whose  boiling   point   i-  — 
F.).     At  the  temperature  of  the  air  it  is  condensed  to  the  ' 
a  pressure  of  four  atmospheres,  and  when  long  preserve'! 
in  hermetically  sealed  tubes  gradually  passes  into  the  solid  m^ 

On  passing  gaseous  cyanogen  chloride  into  a  solution   of    ^  in 

anhydrous  eiber,  ammonium  chloride  is  deposited^  and  ihe  ether  cuur^ias 
cf/anamidr,  CNjHj,  in  solution,  from  which  it  si^parates  on  evaporation  ta 
the  crystalline  fotm.  C^annmlde  is  easily  soluble  in  water,  alcoh«4,  and 
ether;  ii  melts  al  4<JP  C.  \\^)r  Y.y 
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Sflti^  cffan^gm  chloride,  OjNjCljj  or  Cj^Clj,  Is  generated  when  unhydrous 
hjilrocyanio  ficid  U  put  into  n  Te«»cl  of  cblorine  gaa,  and  the  whol©  exposed 
to  the  sun:  bydrochloric  Acid  is  formed  tit  iht!  siime  time.  It  forms  long 
colorleBB  needled,  which  CMhule  a  powerful  nnd  ofFLMifnive  odor,  compnreJ  by 
aomc  to  that  of  the  exeromeiit  of  mice  ;  it  nielre  at  14(P  (".  (284°  F.),  and 
fiublimes  unchanged  at  a  higher  temperature.  When  heati'd  iti  eotitact 
with  water,  it  is  decomposed  inlocjanuric  and  liydroebloric  acids.  It  dii- 
hoItcs  in  alcohol  and  ether  without  decotnposilion. 

Cyakookn  BBCKMrnK  and  1oi>ide  correspond  to  the  first  of  the  preceding 
conipoonds,  and  are  prepared  by  diJ^tiHinjf  brouiiiic  or  iodine  with  inereurio 
cyauide.     Thej  are  culorlcss,  Tolaliie,  solid  suhtitaiices,  of  powerful  odor. 

Cyanoork  SiTLPinns.  CjN^S>  or  Cj^S,  recently  ohtained  by  Linnemann 
by  the  action  of  ejunogen  iodide  upon  silver  sulphocyannti*,  crystallizes 
ID  transparent^  ¥oIalile,  rhombic  plates^  haYing  an  odor  siiuilar  in  that  of 
cyanogen  iodide.  It  mell«  at  VA)°,  hut  decoiu popes  rapidly  nt  a  liigh^r  tem- 
perature; dissolves  in  ether*  alcohol,  and  wiiter,  and  separates  from  hot 
concent  rated  solutions,  on  cooling,  in  the  crystalline  form* 

SulphQcyanio  Atidi  CNHS.  —  This  acid  is  the  sulphur  analogue  of  cyanic 
acid,  aitd,  tike  the  lattur,  is  monoha.^ic,  the  sulphocyauatea  of  monad  metala 
being  represented  by  the  formula  t'NSAL 

Potastium  *tftphoctffinftU,  rXSK.  —  To  prepare  this  salt,  yellow  potassium 
ferrocyanide,  deprived  uf  its  water  of  crystallixation,  la  intimately  mixed 
with  half  lis  weiglii  of  sulphur,  and  the  whole  healed  to  tranquil  fusion  in 
an  iron  pot,  and  kept  for  some  time  in  ihat  c<mdilion.  When  e^dd,  the 
melted  mass  is  boiled  with  water,  which  dissolTea  out  a  mixture  of  potan** 
aium  sulphocyanale  and  iron  stdphoeyanale,  leaving  little  beliind  but  the 
excess  of  sulphur.  This  solution,  which  becomes  red  on  exposure  to  tbo 
air,  from  oxidation  of  the  iron,  is  mixed  with  potai^siutn  carbonate,  by 
which  ibe  iron  is  precipitated,  and  potaw*ium  substituti'd:  an  excess  of 
Ihe  carbonate  mu**!  be,  as  far  ns  possible,  aToiUed.  The  filtered  liquid  is 
concentrated,  by  evaporation  over  an  open  fire,  to  a  pmall  bulk,  and  lefl  to 
cool  and  eryatalliie.  The  cry9lal.4  are  drained,  purified  by  re-polulion,  if 
necessary,  or  dried  hy  enclosing  them,  spread  on  fiUer-paper,  over  a  «ur- 
faee  of  oil  of  vitriol  covered  with  a  bell-jar. 

The  reaction  between  Iho  sulphur  and  the  potAssium  ferrocy aside  ia 
represented  by  the  equation: 

K/e'T#N\        -I-         S,        =        4CNSK        ^         (CNS),Fe" 

Another,  and  even  better  process,  consists  in  gradually  heating  to  low 
redness  in  a  covered  vesitel  a  mixture  of  46  parts  of  dried  potassium  fcr- 
rocyaiiide,  32  of  sulphur,  aiid  17  of  pure  potasaiuin  carbonate.  The  masa 
is  exhausted  with  water,  the  aqueous  sulutiun  is  evaporated  to  dryness, 
and  the  residue  is  exhausted  with  alcohol.  The  alcoholic  liquid  deposits 
splendid  crystals  on  cooling  or  evaporation. 

PoiasSiium  Milphoeyanale  crystallizes  in  long,  slender,  colorless  prisms, 
or  plates,  which  arc  anhydrous:  it  has  a  bitter  saline  taste,  and  Is  desti* 
tufe  of  poisonous  properties:  it  is  yqtj  soluble  in  water  and  alcohol,  nnd 
deliquesces  when  exposed  to  a  moist  atmosphere.  When  heated,  it  melts 
to  a  colorless  liquid,  iil  a  fenipcrature  far  below  that  of  ignition- 

W^heo  ctilorine  is  passed  into  a  strong  solution  of  pntassium  snlphocys- 
natc,  a  large  quantify  of  a  bulky,  deep  yellow,  insoluble  suhstance,  re- 
sembling some  varietit's  of  lead  chromate*  i.-s  produced,  together  with  potas* 
slum  chloride;  the  liquid  sometimes  assumes  a  deep-red  tint,  and  4^mvt.ii.K 
pungent  vapor,  probably  cyauogen  chloride.  The  ^e\\\j\s  lutvVV.tx  taa.^ '^ 
coll ec red  on  a  jSifcr,  wtdl  wa^jhed  with  boUUig  vjoiteT,  tatuOt  *\,t\^^'.  yVt^\.%s»a 
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its  brilliancy  of  tint.     It  was  formerly  called  tttlphf  U 

posed  itlentity  with  the  radical  of  ihc  sulpbocyiiiiM'  >weveT.  inf»- 

riably  found  to  contain  hydrog<?n,  ami  is  repr«**:uLv.i  *,,  the  furmula 
r^NjUSj-  The  yellow  sub^tnuce,  now  generally  called  frTxulpho<^ifM«fm^  &• 
quite  insoluble  in  water,  alcohol^  and  ether;  it  diwolrvs  in  concenl 
eulphuric  aoid,  from  which  it  in  precipitated  by  dilution.     Cnusiic  jj 

also  dis^olvefl  it,  with  decomposition;  acids  tbrow  down  from  this  unlul  

a  palc-yeltow,  insoluble  body,  having  acid  properties.  When  healed  ia 
the  dry  Biatc,  it  cvoWes  sulphur  and  carbon  bisulphide^  and  leares  a  pale^ 
fltraw-yellow  substance ^  called  hydrtfmethnef  C|N,Ht,  the  de^mpoaitioo 
being  represented  by  the  equation  : 

3C,NvHS,        =        3CS,         4-        S,        -f         CgN^H^ 

Ut/drof^en  Sufphoq/anate^  or  Hydromlphoet/anie  Acidn  CNSH,  ia  obtained  by 
decompoaing  lead  sulphocyanate,  suspended  in  water,  wiih  sulphuretted 
hydrogen.  The  filtered  solution  is  colorleee,  Tcry  acid,  und  not  poitonoits; 
11  is  easily  decomposed,  in  a  very  complex  manner,  by  ebullition,  and  by 
exposure  to  the  air.  Dy  neutralizing  the  liquid  with  ammoniat  and  exajuK 
rating  very  gently  to  dryness,  ammonium  tuiphocyanate^  CNSNH^*  h  ohU'tntd 
as  a  deliquescent,  saline  mftss.  The  salt  may  be  conveniently  prepared  by 
digesting  hydrocyanic  acid  with  yellow  ammoniunii  sulphide  i.^.^-n^ ^u'^ng 
excess  of  sulphur),  and  boiling  off  the  excess  of  the  Intir  4- 
(NIIj^jS  -f  S,  =  U^  -f  2CNi?(Nli  J,  The  sulphocyanaics  of  ^.  '^^ 
atroHUum,  calcium^  manganr.at^  and  tron,  are  colorlesf  nnd  Terj  soluble;  lIium 
ot  had  and  iihrr  are  white  and  insoluble.  A  soluble  sulphury  a  naie  mi 
with  a  ferric  salt  gives  no  precipilate,  but  causes  the  liquid  to 
deep  blood-red  tint:  hence  the  use  of  potassium  sulphocyanate  aa  a 
for  iron  in  the  state  of  ferric  salt.  The  red  color  produced  ^v  '  ' 
nates  in  ferric  solutions  is  exactly  like  that  caused  under  sir- 
stances  by  meconic  acid.     The  two  substances  may,  howevrr,         li 

disiingui^hed  by   the  addition  of  a  solution  of  gold  chloride,   which  d«- 
stroys   the  color  prodtieed  by  sulphocyanales*     The  ferric  me^onate  may 
al!40  be  dtatinguisbed  from  the  sulphocyanide,  as  JEreritt  haa  shown,  by  aa 
addition  of  corrosive  sublimate,    which  bleaches  the   sulphocyanxte,  bat 
has  little  effect  upon  the  meconate.     This  ia  a  point  of  considerable 
tical  )mport«tice,  as  in  medico-legal  Inquiries,  in  which  efidenct  of 
presence  of  opium  is  »ougbt  for  in  complex  organic  mixturea,  the  dr 
lion  of  meconic  acid  is  usunlly  the  object  of  the  chemist:   and  stnce  I 
of  alkaline  sulpbueyiinide  are  to  be  found  in  the  snliva,  it  becoincs 
dcsirFible  to  remove  that  source  of  error  and  ambiguity. 

The  great  facility  with  which  hydrocyanic  acid  may  bo  convert^  tat* 
atnmoiijum  sulphocyanate  enables  us  to  ascertain  ita  presence  by  th* 
test  JLii4t  described.  The  cyiiuide  to  be  examined  is  mixed  in  a  watcb^glwi 
wilh  some  hydrochloric  acid,  and  covered  with  another  watch-glaM^' 
which  a  few  drops  of  yellow  ammonium  sulphide  adhere.  On  heating 
mixture,  hydrocyanic  acid  is  disengaged,  which  combines  with  ib* 
moajura  sulphide,  and  produces  ammonium  sulphocyanate  :  Ihts,  aAer  «i- 
pnilsion  of  the  excess  of  sulphide,  yield*^  the  red  color  with  solution  uf  ftTi\ii 
chloride. 

SiLpnocTAKic  Ethers,  —  These  ethers  exhibit  ifomerlc  m    '  ns, 

probably    nnologous  to  those  of  the  akobolio  cynuidc^  and  i**^  \k 

711).     The  normal  milphncyanates  of  methyl  and  its  homologue Us- 

covernl  by  t'rdjours;  *  and  tjuite  recently  Hofnitinn  has  obiamed  the  corre- 
sponding iauBulpbocyttaates.f     The  same  chemist  aouio  years  ago  obtained 
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phenyl  isosulphocyanate.*    Alljl  isosnlphooyanate  has  long  been  known  as 
a  natural  product. 

Normal  Ethyl  Sulphoeyanate,  ^  {  gn  ir  t  is  obtained  by  saturating  a  con- 
centrated solution  of  potassium  sulphocyanate  with  ethyl  chloride : 


C 


{l^        +        CACl        =        KCl       +       C{^C,H.; 


also  by  distilling  a  mixture  of  calcium  ethylsulphate  and  potassium  sulpho- 
cyanate. It  is  a  mobile,  colorless,  strongly  refracting  liquid,  having  a  some- 
what pungent  odor,  like  that  of  mercaptan.  It  boils  at  1 46°  C.  (295^  F.)  With 
ammonia  it  does  not  combine  directly,  but  yields  products  of  decomposition. 
The  methyl  and  amyl  sulphocyanic  ethers  resemble  the  ethyl  compound, 
and  are  obtained  by  similar  processes.  The  methyl  ether  boils  at  about 
182«»  C.  (270O  F.);  the  amyl  ether  at  197*»  C.  (887*>  F.). 

Ethyl  Itotulphocyanate,  ^  \  n  i(  »  is  produced  by  distilling  diethyl-sul- 
phocarbamide  with  phosphoric  oxide,  which  abstracts  ethylamine: 

Diethyl-sulpho-  Ethylamine.  Ethyl  isosol- 

carbamide.  phocyanate. 

This  ether  differs  essentially  in  all  its  properties  f^om  ethyl  sulphocyan- 
aU.  It  boils  at  134°  C.  (278°  F),  and  has  a  powerfully  irritating  odor, 
like  that  of  mustard-oil,  and  quite  different  from  that  of  normal  ethyl-snl- 
phocyanate.  It  unites  directly  with  ammonia  in  alcoholic  solution,  forming 
ethylsulphocarbamide,  X,^CS)^'^rC,ir5)H,,  and  forms  similar  compounds  with 
methylamine  and  ethylamine.  The  pungent  odor  and  the  direct  combina- 
tion with  ammonia  and  amines,  are  characteristic  of  all  the  ethers  of  this 
group. 

Phenyl  Itotulphocyanate,  N(CS)^^(CcH(),  is  obtained  by  distilling  phenyl- 
siilphocarbamide,  N.(CS)^^(C«Hj)H,,  with  phosphoric  oxide :  naphthyl  iso- 
•ul phocyanate,  N(CS)^^(C,oIif),  in  like  manner  from  dinaphthylsnlpho- 
earbamide.     The  former  boils  at  220°  C.  (428°  F.). 

AUyl  hotulphocyanatet  ^^  {  ^  i/    •  —  This  is  the  intensely  pungent  Tolatlle 

oil  obtained  by  distilling  the  seeds  of  black  mustard  with  water.  It  does 
not  exist  ready  formed  in  the  seeds,  but  is  produced  by  the  decomposition 
of  myronic  acid  under  the  influence  of  myrosin,  an  albuminous  substance 
analogous  to  the  synaptase  of  bitter  almonds  (see  p.  679).  The  same 
compound,  or  perhaps  its  isomer,  normal  ethylsulphocyanate,  is  produced 
by  the  action  of  potassium  sulphocyanate  or  silver  sulphocyanate,  on  allyl 
iodide  or  allyl  oxide.  Oil  of  mustard  is  a  transparent,  colorless,  strongly 
refracting  oil,  possessing  in  the  highest  degree  the  sharp  penetrating  odor 
of  black  mustard.  The  smallest  quantity  of  the  vapor  excites  tears,  and  is 
apt  to  produce  inflammation  of  the  eyes.  It  has  a  burning  taste,  and  rapidly 
blisters  the  skin.  Its  specific  gravity  is  1-009  at  15°.  It  boils  at  148°  C. 
(298°  F.^.  It  is  sparingly  soluble  in  water,  easily  soluble  in  alcohol  and 
ether ;  aissolves  sulphur  and  phosphorus  when  heated,  and  deposits  them 
In  the  crystalline  state,  on  cooling.  It  is  violently  oxidised  by  nitric  and 
by  nitromuriatic  acids.  Heated  in  a  sealed  tube  with  potassium  monosul- 
phide,  it  yields  potassium  sulphocyanate  and  allyl  iulphide  (volatile  oil  of 
garlic,  p.  545) : 

^CS(C,H,)        +        K/J        =        2CNSK        -f        (Ofi^)fi. 

»  j>rDpeedlpgi  of  the  Boysl  Bodet7,Vx.n4,4&';, 
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It  likewise  yields  garlic  oil  wbcn  decora pc»»ed  hj  potmsriitm.  Healed  to 
120®  in  tt  sealed  tube  wiih  pulverized  swU-lime,  it  Tie-Ids  ^odluni  »u>|»bo- 
cy^nate  and  all^l  oxide,  the  oxidited  constituent  of  garlic  oil : 

2NCS(C,HJ         +      Ka,0        =        2CNSNa      ^         (C^^^yfi 
Aqueoii»  potasb,  soda,  baryta,  and  the  oxide*  of  lead,  gilver,  And  mercnry, 
in  prcacnce  of  water,  convert  oil  of  mustard  into  $inajyolme^  ^j^J^fi^  ^^ 
foroiatioti  of  metallic  sulphide  and  carbonate;  thus: 

2NCS(C,ff^)    +    3PbO    4-    on,   =    2PbS    -f-    CO,Pb    -f    C^H^-V. 

Sinapoliitc  is  a  basic  substance,  which  crystallizes  in   colorTew  platc% 
Bolubk*  in  water  and  alcohol,  and  having  a  distinct  alkaline  reacticn. 
Oil  of  mustard  uuil^ss  readily  with   atnmnnia,  forming  ikionmrmmt^  €fl^ 

NS.NH^,  or  allyl'tulph^athomidt^  Ny^j  C, If ^i  which  is  also  m  baaic  com- 


I  (rS) 


pound,  forming  colorless  prismatic  crystals*  having  a  bitter  lai$tc  and  ^nAt^ 
bk*  tu  water.     The  Molution  docs  not  affect  t  esl-paper,     Thioiiinaaiine  m^^" 
wbon  heated,  but  cannot  be  sublimed.     Acids  combine  with  it,  but  dot 
form  crjHtalliiable  sulfa:  ibc  double  salts  of  the  hydrochloride  with 
tinic  and  mercuric  chloride  are  the  mosi  definite. 

ThtomuHmine  is  decomposed  by  meiallic  oxides,  as  lead  oxidf   ^  --^-^^ 

oxide,  with  production  of  a  metallic  sulphide  and  ttinamint,  C^f  M 

compound  whicli  crystallines  very  slowly  from  a  concentrated  .  ,_  :  ^o- 
liMiou  in  brilliftnt,  colorless  crystals  containing  water.  It  has  a  powerfully 
bitter  tiiste,  is  strongly  alkaline  io  test-paper,  and  decomposes  ammonium 
salts  al  the  boiling  heat.  lis  oralate  is  crystalliiable.  The  formatioa  of 
ainainine  from  tbiosinsimlne  by  the  action  of  mercuric  oiide  is  reprefiented 
by  the  equation  C^e.N.S  -f  llgO  ==.  HgS  4-  OH,  +  CJI.N,. 

Selenlocyaitatsi.  —  A  series  of  salts  containing  selenium,  and  c«rre«poQd- 
ing  in  com  position  and  properties  with  the  sulphocyanatet,  hwfm  been  dis- 
co?ered  and  examined  by  Mr,  Crookca.* 

Melam, — This  name  is  given  by  Liebig  to  a  buff-colored,  insoloUt^ 
amorphous  Biibiilance,  obtained  by  the  distillation  of  amnioninrf'  ...iir.v.A^y, 
aniite  nX  a  high  temperaluro.     It  may  be  prepared  in  lu-ge  qn  a?* 

timaiely  mixing  1    part  of  perfectly  dry  potussium  sulphoe\u  ^s  1 

parts  of  powdered  sal-ammoniac,  and  heating  the  mixture  for  same  tune  in 
A  retort  or  flask:  carbon  bisulphide,  ammonium  sulphide,  and  aitlphiinitffd 
hydrogen,  are  disengaged  and  volatitiied,  while  a  mixture  of  melam,  poi««* 
Slum  chloride,  and  if^al-ammoniac  remains:  the  two  tatter  subaia&ces  aM 
removed  by  washing  with  hot  water.  Melam  contains  C^H^i, :  itdtsa*< 
in  roncentrnted  sulphuric  acid,  and  gives,  by  dilution  with  water  and 
bulling,  cyan  uric  a*' id.  The  same  substance  is  produced,  with  disengi 
men*  of  ammonia,  when  melam  is  fused  with  potassium  hydrate.  W 
slrnngly  heated,  ttielum  is  resolved  into  mellfinc  and  ammonia.  _ 

If  melam  he  boiled  for  a  long  lime  in  a  moderately  strong  solution  tif 
causlio  potash,  until  the  whole  has  dissolved,  and  the  liquid  be  then  con- 
cenlruled,  a  cryslallitie  substance  separates  on  cooUng.  which  is  called 
in^tnmhtf.  By  re-cryslalliiaMnn  it  is  obtained  in  colorless  crystals,  hatinf 
the  figure  of  an  octohedron  with  rhombic  base:  it  is  but  *!J'V*iK  -..i,.tj,.  |q 
colli  iv/iter,  fusible  by  Iteat.      >k*luinine  is  also  f(»rn*ed   <:  '  *• 

niide  «o  \oiP  C,  {'.M\l^  F.),  and  even  on  evaporating  an  a-j  *f 

tlirti  f?ubsionce.     it   contains  C,ll,fN,.  and  acts  as  a  base,  col  'fc 

acids  (o  form  crystallizable  compounda.     A  second  basic  subi^L <  vd 

•  JowtkiX  ot  %«  C^Mnataal  CocltCf  ^  Iv.  IS. 
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mmmeUM,  very  simiUr  in  properties  to  melmmine,  is  found  in  the  alkaline 
mother-liquor  ftrom  which  the  melamine  has  separated :  it  is  thrown  down  on 
neutralizing  the  liquid  with  acetic  acid.  The  precipitate,  dissoWed  in  di- 
lute nitric  acid,  yicdds  crystals  of  ammeline  nitrate,  from  which  the  pure 
ammeLine  may  be  separated  by  ammonia.  It  forms  a  brilliant  white  pow- 
der composed  of  minute  needles,  insoluble  in  water  and  alcohol,  and  eon- 
tains  CjH^NgO.  When  ammeline  is  dissolved  in  concentrated  sulphuric 
acid,  and  the  solution  mixed  with  a  large  quantity  of  water,  or,  better, 
spirit  of  wine,  a  white,  insoluble  powder  falls,  which  is  called  ammelide,  and 
ia  found  to  contain  C^HyN^O,. 

By  the  action  of  acids  or  alkalies,  melamine  may  be  couTerted  into  amme- 
line, ammelide,  and,  lastly,  into  cyanurio  acid,  water  being  assimilated 
and  ammonia  OTolved : 

C,H,N,        +        H,0        = 
Melamine. 

2C,H^N40    +        H,0        = 
Anuneline. 

C«H,N,0,    +      8H,0        B 
Ammelide. 

Xsllont  and  its  Compounds.  —  The  formation  of  mellone  as  a  residuary 
product  of  the  action  of  heat  on  persulphocyanogen,  and  upon  melam,  has 
been  already  mentioned.  This  substanoe,  which  does  not  appear  to  have 
been  obtained  In  a  state  of  purity,  possesses  the  properties  of  an  organic 
radicaL  At  a  high  temperature  it  combines  directly  with  potassium,  pro- 
ducing a  well-defined  saline  compound,  trypotcuiie  mellomde,  C,H,|K,,  and 
the  same  salt  is  produced  in  the  action  of  mellone  upon  potassium  oromide 
and  iodide,  bromine  and  iodine  being  liberated.  A  better  method  of  pre- 
paring it  consists  in  fusing  crude  mellone  with  potassium  sulphocyanate. 
It  may  also  be  produced  by  fusing  the  ferrocyanide  with  half  its  weight  of 
sulphur.  The  fused  mass  obtained  by  either  process  is  dissoWed  in  boiling 
water,  from  which  the  tri-potassic  mellonide  crystallizes  on  cooling,  and 
may  be  purified  by  repeated  crystallization.  Acetic  acid  converts  this  salt 
into  dipotassic  mellonide,  C,H,,K,H,  which  is  also  soluble.  Hydrochloric 
acid  produces  the  monopotassic  salt,  C,N„KHy  which  is  insoluble.  These 
three  salts  stand  to  each  other  in  the  same  relation  as  the  several  salts  of 
phosphoric  and  cyanuric  acids.  Tripotassic  mellonide  produces  with  solu- 
ble silver-salts  a  white  precipitate,  C^N^Ag,;  with  lead-salts  and  mercury- 
salts,  precipitates  containing  respectively  C,gNyPb,,  and  C„N,fHgy  The 
latter  dissolved  in  hydrocyanic  acid,  and  treated  with  sulphuretted  hydro- 
gen, yields  hydromellonic  acid,  C,N„H^  It  is  known  only  in  solution, 
which  has  an  acid  taste :  on  evaporation  it  is  decomposed. 


Ammeline. 

+ 

NH, 

CH,N,0. 
Ammelide. 

+ 

NH, 

2C,H,N,0, 
Cyanurio  acid. 

+ 

8NHr 

UREA.  — URIC  ACID  AND  ITS  PRODUCTS. 

These  bodies  are  closely  connected  with  the  cyanogen-compounds,  and 
may  be  most  conveniently  discussed  in  the  present  place. 

Ursa,  CNjHp. — Urea  maybe  extracted  from  its  natural  source,  the 
urine,  or  it  may  be  prepared  by  artificial  means.  Fresh  urine  is  eoneen- 
trnted  in  a  water-bath,  until  reduced  to  an  eighth  or  a  tenth  of  its  original 
volume,  and  filtered  through  cloth  from  the  insoluble  deposits  of  urates 
and  phosphates.  The  liquid  is  mixed  with  about  an  «^>\^  ^\^w>aV^  <^*^  ^ 
strong  BolatioD  of  oxaUo  acid  in  hot  water,  and  iVift  vjVoV^  -sX^'CkxaN^j^'ij  ^^H^- 
61 
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taiMJI  and  left  to  cool.  A  very  copious  fRwn •colored  orystBlUne  |>reci|ii^ 
of  Mrna  oxalittf  is  obtained,  whicU  may  be  placed  upon  a  cloth  filter.  8lig:hl]j 
washed  with  cold  water,  and  prei*8tHL  This  is  to  be  di^^oWed  in  boiling 
water,  and  powdered  chalk  added  until  effervescence  cea^rSt  and  the  liquid 
becomeH  neutraL  The  moIuIioei  of  urea  is  filtered  from  the  ini>iiluble 
cium  oiialate,  warmed  witb  a  little  animal  charcoal,  again  filtered,  and 
centraled  bj  eyaporaiioti,  avoiditig  ebullitioD^  umil  ori^stals  form  on 
mg:  these  are  purified  hy  a  repeiition  of  the  la^t  part  of  the  pro< 
Urea  may  be  extracted  in  great  abundance  from  (he  urine  <»f  lnoraca 
cattle  duly  concentrated,  and  from  which  the  bippuric  acid  has  been 
rated  by  addition  of  hydrochloric  acid;  oxalic  acid  then  throws  down 
oxy&te  in  «ueh  quantity  as  to  render  the  whole  Bemi-eoUd.  Anotbcr 
eesd  conptHlB  in  precipitating  the  evaporated  urine  with  eoncentmled  nitiic 
acid»  when  ur^a  nitrate  is  precipitated,  which  i»  purilied  bj  r«-erye>tAllixa- 
tion  with  animal  churcoal,  and,  lazily,  deconiposed  by  barium  carbonate, 
whereby  a  mixfiire  of  barium  nitrntc  and  urea  tB  formed^  which  19  to  bt 
evaporated  to  dryneni^  on  the  water^bath,  and  exhausted  wiiii  liot  alcofa^; 
the  urea  then  eryatalliies  on  cooling. 

Urea  ia  produced  artificially  by  heating  a  solution  of  ammonium  cj^ 
nate.  The  following  method  of  proceeding  yields  it  in  any  quantity  that 
can  be  dcpired.  Puta^nium  cyan  ale,  prepared  by  Liebig'9  process  (p.  7U), 
is  dii$3olved  in  a  small  quantity  of  water,  and  a  quantity  of  dry  neutral 
ammonium  sulphate,  equal  in  weight  to  the  cyanate,  is  added.  The  whole 
is  evaporated  to  dryne^.n  in  a  water-bath,  and  the  dry  residue  boiled  wiih 
strong  alcohol,  which  dissolves  out  the  urea,  leaving  the  polacisium  suK 
phale  and  the  exceHS  of  ammonium  sulphate  untouched.  The  filtered  aolu* 
tion,  concentrated  by  distilling  off  a  portion  of  the  spirit,  depo«il4  the 
urea  in  beautiful  crystnls  of  conr^iderable  siie. 

Urea  fomis  transparent,  colorless,  four-pided  prisms,  which  are  anhy- 
drous, eoluble  in  an  equal  weight  of  cold  water^  and  in  a  much  smalter 
quantity  at  a  high  temperature.  IL  is  also  readily  dissolved  by  akobol 
It  is  inodorous^  has  a  cooling  saline  taste,  and  is  permanent  in  the  airf 
unless  the  lalter  be  very  damp.  When  heated  it  melts,  and  at  a  higher 
temperature  decomposes,  with  evolution  of  ammonia  and  ammoniuni  cya- 
naie;  cyanuric  acid  remaiosp  which  bears  a  much  greater  heat  without 
change.  The  solution  of  urea  is  neutral  to  tecst-paper:  it  is  not  decoin- 
poyed  in  (be  cold  by  alkalies  or  by  calcium  hydrate,  but  at  a  »  ;i;>-  >  h 
ernilH  amujunia,  uiid  forma  a  met^illtc  carbonate.  The  shuik 
pens  by  fusion  with  Ihe  alkaline  hydrates,  and  when  urea  is 
watery  in  a  sealed  tuhe^  to  a  temperature  above  100^: 

COH^Nj  +  H/J  =  CO,  -f  2Nn^ 
Urea  contains,  in  fact,  the  elements  of  ammonium  carbonate  mmuM  the  ele- 
ments of  water:  COjfNli^)^ — 2!F,(),  and  has  accordingly  been  snppO!(t«{ 
to  be  identical  with  carbamide.  Hecent  experiments  have  shown,  however, 
that  it  is  isomeric,  not  identioa!  with  that  compound,  inaftmuch  as,  when 
heated  with  a  large  excess  of  potassium  permanganate  in  presence  of  niucb 
free  alkali,  it  gives  off  all  its  nitrogen  in  the  free  stale  aa  ga*,  wherew 
when  amides  and  ammonium-salts  are  thua  treated,  the  whole  of  the  nitro- 
gen is  oxidiicd  lo  nitric  acid.*  The  difference  of  constitution  betueea  tM 
three  isomeric  compounds  —  ammonium  cyanate,  ure&,  and  carbamide  — 
may  perhaps  be  represented  by  the  following  formuln: 

^fN'//  f(NHr  fNH, 

*^{0NII  ^1^'^  ^P". 

AmmoTiiuin  c^an%l«.  Ure&,  CjLrbamlde. 
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A  solution  of  pare  area  shows  no  tendency  to  ohange  bj  keeping,  and  is 
not  decomposed  by  boiling ;  in  the  urine,  on  the  other  hand,  where  it  is 
associated  with  putrefiable  organic  matter,  as  mucus,  the  case  is  different. 
In  putrid  urine  no  urea  can  be  found,  but  enough  ammonium  carbonate  to 
cause  brisk  effervescence  with  an  acid;  and  if  urine,  in  a  recent  state, 
be  long  boiled,  it  gives  off  ammonia  and  carbonic  acid  Arom  the  same 
source. 

Urea  is  instantly  decomposed  by  nUrmu  add  into  carbon  dioxide,  nitro- 
gen, and  water:  COH^N,  -f  2N0,H  =r  CO,  -f  2N,  -f-  8H,0;  this  decompo- 
sition explains  the  use  of  urea  in  preparing  nitric  ether  (p.  526).  When 
chlorine  g<u  is  passed  over  melted  urea,  hydrochloric  acid  and  nitrogen  are 
evolved,  and  there  remains  a  mixture  of  sal-ammoniac  and  cyanurio  acid : 

6COH4N,  4-   8C1,  =  2C,H,N,0,  +  iNH^Cl  +  2HC1  +  N,; 

but  by  chlorine  in  presence  of  water,  or  by  hypochlorotu  add,  it  is  resolved 
into  hydrochloric  acid,  carbon  dioxide,  water,  and  nitrogen : 

COH4N,    +    8C1H0    =    8HC1    +     CO,    4-    2H,0    +    N,. 

Urea  acts  as  a  base :  with  nitric  add  it  forms  a  sparingly  soluble  com- 
pound, which  crystallites,  when  pure,  in  small,  indistinct,  colorless  plates, 
containing  COH^N, .  NO,H.  When  colorless  nitric  acid  is  added  to  urine 
concentrated  to  a  fourth  or  a  sixth  of  its  volume,  and  cold,  the  nitrate 
crystallizes  out  in  large,  brilliant,  yellow  laminae,  which  are  very  insoluble 
in  the  acid  liquid.  The  production  of  this  nitrate  is  highly  characteristic 
of  urea.  The  oxalate^  (COH^N^k .  C.H^O^,  when  pure,  crystallizes  in  large, 
transparent,  colorless  plates,  which  nave  an  acid  reaction,  and  are  spar- 
ingly soluble.  Urea  forms  several  compounds  with  metallic  salts,  c.  g.^ 
with  those  of  mercury.  On  mixing  a  liquid  containing  urea  with  a  solution 
of  mercuric  nitrate,  a  white  precipitate  is  formed.consistingof  COH^N^ .  2HgO. 
If  the  nitric  acid  which  is  thus  set  free  be  neutralized  by  the  addition  of  an 
alkali  or  baryta-water,  the  whole  of  the  urea  is  removed  from  the  liquid 
in  the  form  of  the  above  compound.  Liebig  has  based  upon  this  reaction 
a  process  of  determining  the  amount  of  urea  in  urine :  2  volumes  of  urine 
are  mixed  with  1  volume  of  a  baryta-solution  prepared  with  2  volumes 
baryta-water  saturated  in  the  cold,  and  1  volume  of  a  solution  of  barium- 
nitrate  also  saturated  in  the  cold ;  the  liquid  is  filtered  from  the  precipi- 
tated sulphate  and  phosphate  of  barium ;  and  a  graduated  solution  of  mer- 
curic nitrate  is  added  to  a  measured  quantity  of  this  filtered  liquid  (about 
15c.c.)  till  a  sample  taken  out  gives  a  yellow  precipitate  with  sodium  car- 
bonate. It  is  convenient  to  dilute  the  mercuric  solution  to  such  a  degree 
that  1  cubic  centimetre  of  it  shall  correspond  to  0*01  grm.  of  urea.* 

A  series  of  substances  analogous  to  urea,  which  are  known  under  the 
names  of  methyl-urea,  ethyl-urea,  biethyl-urea,  &o.,  will  be  noticed  in  the 
section  on  Organic  Bases. 

Urie  Acid,  C^N^H^O,;  formerly  called  Lithie  add.  —  This  acid  is  a  product 
of  the  animal  organism,  and  has  never  been  formed  by  artificial  means.  It 
may  be  prepared  from  human  urine  by  concentration  and  addition  of  hy- 
drochloric acid,  and  crystallizes  out  after  some  time  in  the  form  of  small, 
reddish,  translucent  grains,  very  difficult  to  purify.  A  much  preferable 
method  is,  to  employ  the  solid  white  excrement  of  serpents,  which  can 
be  easily  procured :  this  consists  almost  entirely  of  uric  acid  and  ammo- 
nium  urate.  It  is  reduced  to  powder,  and  boiled  in  dilute  solution  of  caus- 
tic potash :  the  liquid,  filtered  from  the  insignificant  residue  of  feculent 

•  lUtpMtinj  certain  precantlons  to  h«  ohnrrved  In  poTfontt\Ti?t  \\v\%  \.TWi«»>w*  ^^  %5\V^* 
"  Uria^"  hjPr.  MicbMl  FoeUr,  in  Watta's  Dictionary  of  CheTni%Xxi. 
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^B         mutter  tmd  «Arthy  phosphates,  is  mUed  with  excess  of  hjdrocltlorle  tci< 
^B  boiled  for  tt  few  rnmutes,  und  left  to  cool.     The  proiliici   is   cuUectcil  on  a 

^^  6Uer,  washed  until    froe   from  poUdsitim  chloride^  and   dried   b/  gvntle 

heat. 

Uric  ncid,  thus  ohUined.  forma  a  glintetiing,  imow-white  ponder 
less*  inodorous,  and  very  sparingly  soluble.  It  is  Been  undvr  th^j 
scope  to  consist  of  minute,  but  regular  crystalg.  It  dissolvf-o  in  eoi 
trated  ttu1phart€  acid  without  apparent  decompositioiL,  and  is  precipitated 
by  dilution  with  water.  By  destruclive  distillation,  uric  acid  y  telda  cyanic 
acid,  hydrocyanic  acid,  carbon  dioxide,  aminooium  carbonnte,  and  a  bSark 
coaly  residue,  rich  in  nitrogen.  By  fuf  ion  with  polaa^iuni  hydrate,  it  yictdt 
potassium  carbonate,  cyanate,  and  cyanide.  When  treated  with  nitiie  aeid 
and  with  lead  dioxide,  it  undergoes  decomposition  in  a  manuer  lo  be  pres- 
ently described. 

Uric  acid  is  hibaaic  :  its  most  Important  »alts  are  those  of  the  alkali- 
metals.  Acid  pvtatJtium  urate,  CgN^HjKOy  is  deposited  from  a  hot  saturated 
solution  of  uric  acid  in  the  dilute  alkali,  as  a  white,  sparingly  soluhlfti  e«A- 
Crete  mass,  composed  of  minute  needles:  it  requires  about  TjIIO  parts  «f 
coir]  water  for  solution,  is  rather  more  soluble  at  a  high  tcrnpernture.  and 
much  more  soluble  in  excess  of  alkali.  Sodium  urttU  resembLc«i  the  pota#- 
fiium-»ull :  it  forme  the  chief  conttlihicut  of  the  gouty  concretionfi  in  tJte 
joints  called  ehaIk-*tont4,  Ammnmttm  urate  is  also  a  sparingly  soluble  cosn-' 
pound,  requiring  for  solution  about  llWiO  parts  of  cold  waivr:  the  solubility 
is  Tery  much  increaf^ed  by  the  presence  of  a  small  quantity  of  certain 
salts,  as  sodium  chloride.  The  most  common  of  the  urinary  depofdti^ 
formttig  a  bufT-colored  or  pinkish  cloud  or  niuddiness,  which  dii>appear§ 
by  re-solution  when  Iho  urine  Is  warmed,  cousiBts  of  a  mixture  of  differcat 
urates. 

Uric  acid  is  perfccily  well  charncterixed,  even  when  in  very  small  qtiaa- 
tity,  by  its  behavior  with  nitric  acid,  A  small  portion  mixed  with  a  drop 
or  two  of  nitric  acid  in  a  small  porcelain  capsule  disitolTiM  with  copious 
effervescence.  When  this  solution  is  cautiously  evaporated  nearly  to  diy- 
ness,  and,  after  the  addition  of  a  little  water,  mixed  with  a  slight  eaeefl 
of  ammonia,  a  doe|t-red  tint  of  murexide  is  immediately  produced. 

Impure  uric  acid,  in  a  remarkable  state  of  decomposition,  is  now  iia- 
ported  into  this  country »  in  largo  quantities  for  us©  aa  a  manure,  und« 
the  name  of  gnann  or  huitno.  It  comes  chiefly  from  the  barren  and  uaio- 
habiUHl  islets  of  the  western  coa^t  of  South  America,  and  is  the  produciioa 
of  the  countless  bird»  that  dwtdl  undisturbed  iu  those  regions.  The  Moplf 
of  Peru  have  used  it  for  ages.  Guano  usually  appears  as  a  palc-nroire 
powder,  sometimes  with  whitisth  specks:  it  has  an  extremely  offrii2<iv«  o4ar, 
the  strength  of  which,  however,  varies  very  much.  It  is  aoluble  in  gnai 
part  in  water,  and  the  solution  is  found  to  he  extremely  rich  in  oxalate  of 
ammonia,  the  acid  having  been  generated  by  a  process  of  oxidation,  GuaM 
also  contains  a  peculiar  substance  called  ^uanme^  which  will  be  deaenM 
fhrther  on. 

Produ^t^  formrd  from  Urit  Acid  hy  Oxidation^  ^c. 

0He  acid  is  remarkable  for  the  facility  with  which  it  is  altered  by  oxi- 
dixirig  agi<nts,  and  tho  great  number  o{  detluite  and  crystallixabte  ccimpi>aa>lt 
obiaiued  in  this  manner,  or  by  treating  the  immediate  products  of  oii4*> 
tron  with  acidn,  alkalies,  reducing  agents,  &o.  The  following  ia  a  list  of 
most  of  the  cumpoundit  thus  produced  : 
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CsN^H,0,.H» 
CftN.H.O. .  H 
C5N,HjO..H, 

C^NjHgOs.H,. 

C8N.H.0..3Aq. 

C,N,H,0,.H, 

C^N,H,BrO,.H 

C^NjHjBfjOj 

C4N3H.O4 .  H 
C.N,H,O..H 

C\N,H,04.H 


Urio  ftcid 
Pseudo-urio  aoid  . 
Uroxanio  acid 
Alloxan 
AUoxanie  aoid 
Alloxan  tin  . 
Barbituric  acid    . 
Bromobarbi- ) 

turic  aoid     j 
Dibromobar- ") 

bituric  acid  j 
Violuric  acid 
Diliturio  acid 
Violantin  . 
Dialuric  acid 
Uramil 

When  uric  acid  is  subjected  to  the  action  of  an  oxidizing  agent  in  pres- 
ence of  water,  it  gives  up  two  of  its  hydrogen-atoms  to  the  oxidizing  agent, 
while  the  dehydrogenized  residue  (which  may  be  called  dehydurie  acid)  re- 
sets with  water  to  form  mesoxalie  acid  and  urea: 


Thionuric  aoid 
Hydurilio  acid 
Allantoin 
Glycoluril 
Mycomelic  acid 
Oxalurio  acid 
Allanturic  acid 
Hydantoin 
Hydantoic  aoid 
Alliturio  acid 
Leucoturic  acid 
Parabanio  acid 
Dibarbituric  acid 
Murexide 
Mesoxalic  acid 


C.N,n,0«S .  H, 

CAHA 

C4N4HA 

C,NAO,.H 

CjN.H.O. .  H 

C,N,H,Os.H 

C,N,HA 

C,NAO,.H 

C,N,HA.H 

C.N,HA.H 

C,N,H,0, 

CsNJlA.H, 

C,N.HA 

C,Os.H, 


Dehyduno 
acid. 


+      4H,0 


2CN,H,0 
Urea. 


C,H,0, 

Mesoxalio 
acid. 

The  separation  of  the  urea  generally  takes  place,  howeyer,  by  two  stages, 
the  first  portion  being  removed  more  easily  than  the  second ;  thus,  when 
dilute  nitric  acid  acts  upon  uric  acid,  alloxan  is  produced ;  and  this,  when 
heated  with  baryta-water,  is  further  resolved  into  mesoxalic  acid  and  urea: 


C,N,H,0,      + 
Dehyduno 
acid. 

C«N,H,0,      + 
Alloxan. 


2H.0       =r 


Alloxan.  Urea. 


2H,0      =        CaH^Oj        +      CN,H^O 
Mesoxalic  acid.  Urea. 


Moreover,  the  urea  is  frequently  resolved  into  carbonic  acid  and  am^ 
monia  by  the  action  of  the  acids  or  alkalies  present.  Alloxan  is  a  monu- 
reide  of  mesoralic  aoid — that  is  to  say,  it  is  a  compound  of  that  aoid  with  one 
molecule  of  urea  minus  2H2O;  and  the  hypothetical  dehydurie  acid  is  the 
diureide  of  the  same  acid,  derived  from  it  by  addition  of  1  molecule  of  urea 
and  subtraction  of  4  molecules  of  water.  Now,  by  hydrogenizing  mesoxalio 
acid,  we  obtain  iartronie  add,  (^Hfi^  (p.  668) ;  and  by  hydrogenizing  al- 
loxan, we  obtain  dialuric  acid,  which  two  bodies,  accordingly,  bear  to  urio 
acid  the  same  relation  that  mesoxalio  aoid  and  urea  bear  to  dehydurio  aoid ; 
thus: 


Mesoxalio 
acid. 

C,HA 

Tartronio 
acid. 


Alloxan. 


CAHA 

Dialuric 
acid. 


Dehyduno 
acid. 

C.N.HA; 
Uric  acid. 


and  just  as  the  hypothetical  dehydurie  acid  yields  mesoxalio  acid  and  al- 
loxan, so  should  actual  uric  acid  yield  tartronio  and  dialuric  acids.  These 
bodies,  however,  have  not  been  obtained  by  the  direct  breaking  up  of  urio 

*  Th^  bMicity  of  the  sovcnU  acids  in  this  tabic  is  indicated  by  tho  number  of  lv^«lxQ%«\v«\»>^»ak 
to  the  right  of  the  point. 
61  * 
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*cM,  but  only  by  rehydrogeniiing  the  meeoxftlie  Acid  and  «li''**f»  -iitHi 
result  from  tbe  breaking  up  of  lis  deliydrogeniied  produt^t,     1  >-. 

however,  di  ill  uric  aiid  uric  acids  luny  b«  regarded  im»  UrtrM  .ad 

tartron-diiireide  respect  ively. 

The  aeveml  bodies  jusi  mentioned  are  typioU  of  lhre«  weU-defiii«d  eium 
of  compounds^  to  unc  or  other  of  which  an  immrnde  number  of  iiric  tcid 
products  may  be  referred.  First,  there  is  the  class  of  simple  non-aiiro- 
gonous  acidti,  or  an-ureidejt,  like  turtrouic  and  mei^oxtilic  acid;  t«eondl|, 
(here  is  a  class  of  bodies  containing  a  residue  of  the  acid  plus  one  reaidiic 
of  urea  —  thcso  are  the  mon-ureides,  such  us  dialuric  aoid  and  allosan;  ami 
lastly,  the  clans  of  bodies  containing  a  residue  of  the  acid  pliu  tworeudiMt 
of  urea,  or  the  rfi-iir^irf«r,  such  as  uric  acid  iiself* 

MeBoxalic  acid,  the  mo«tt  complex  n  on -nitrogenous  product  obtainablf 
directly  from  uric  flcld,  cooBtitutes  the  third  lerm  in  the  fol lowing  fteriei: 

CH,Oa  C,HA  CjH,N^, 

carbonic.  Ozalio.  >iei*oxftiic. 

each  of  which  contains  1  atom  of  carbon  monoxide,  CO,  morv  than  ihv  pre- 
ceding. Now,  when  me  so  x  alio  acid  is  acted  upon  by  aaac«nl  oxygrn.  iti 
excesE^  of  curbou  nionfjxide  is  removed  in  the  form  of  carbon  dioxitlc,  •&4 
it  is  thus  convened  into  oxalic  s^cid : 

C|W2<>*      4-      0      =      CO,      +      c.np^. 

Ilencc,  whtju  uric  acid  is  subjected  to  a  more  active  oxidation  than  tint 
which  auffioes  lo  produce  me««uxa{)c  acid,  we  obtain  oxalic  acid,  which  mtj 
occur  eitber  in  its  simple  auurtside  state,  or  conjugated  with  I  molecntl*  of 
urea  to  form  u  monurinder  ftuch  as  parntmnic  add;  or  with  3  njolecnlft  of 
urea  to  form  a  diiireidc,  such  as  mt/comflk  aeut,  a  body  related  to  oxilif 
acid  just  as  uric  acid  is  related  to  mt'^oxalio  acid. 

In  like  manner,  when  uric  acid  is  subjected  lo  a  still  more  powrrfwl  oii* 
fUitiuti  tbun  sufliGeB  to  produce  oxalic  ucid,  we  nbtnin  carbonic  acid,  «hifb, 
like  oxalic  and  mesoxalic  acids,  is  al^o  ciipnble  of  giving  rise  to  uieidfi- 
No  ureide  of  carbonic  acid  has,  indeed,  yet  been  formed  directly  froia  ark 
acid,  the  active  treatment  required  to  effect  the  complete  oxidalioQ  of  iht 
'uric  ficid  producing  also  a  separation  from  one  an  oilier  of  the  recotlinf 
carbon Tc  acid  and  urea,  which,  howev«?r,  may  be  obtained  in  couibmari«i 
by  oUber  means*  AUophanic  and,  for  instance,  Ihc  et hylic  cthct  <jf  uliicl 
is  obtained  by  passing  the  vapor  of  eyiinic  acid  into  abii^ulule  ttlcohoL  if  i 
monureida  of  earbonio  acid;  but  no  diureide  ol  this  add  ap|Kmrs  lo  ht^ 
been  yet  produced. 

Ailoxnn,  the  monureide  of  mesoxalic  acid  above  mentioned,  ts  fonai^ 
from  mesoxidatc  of  urea  by  elimination  of  twu  molecules  uf  water;  W 
there  is  another  monureide,  namely,  aUo£*tmc  and,  which  differs  fmrn  ^^' 
originnl  palt  by  only  one  molecule  of  wafer.  Similarly,  oxalic  acjl 
I  wo  nionureides  —  namel3%  parahnmc  and  or  paraf*an,  analogous  I  o  i 
and  oraturic  add,  nnnlogous  to  ftlloxanic  acid.  Carbonic  acid,  lio^Tf  . 
forms  but  ft  single  ureide,  which  is  produced  by  the  eliutinaiton  of  oDlf 
one  molecule  of  water,  and  accordingly  belongs  to  the  same  series  a*  tkt 
oxaluric  and  alloxanie  acids ;  thus : 

Adda.  Tfrddft. 

CHjOj,  Carbonic.  C^N,H,n,,  ADopbanio* 
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Similarly,  among  the  diareidea,  some  are  formed  ftrom  the  eorretponding 
monureides  by  elimination  of  one  molecule,  and  others  by  elimination  of 
two  molecules  of  water. 

Mesoxalic  acid,  as  already  observed,  is  oouTertible,  by  deoxidation  or 
bydrogenation,  into  tartronic  acid,  and  by  pushing  the  deoxidation  a  stage 
farther,  matonic  add  (p.  661)  is  obtained,  both  of  nrhich  acids  are  capable 
of  forming  monureides  and  diureides;  and,  in  a  similar  manner,  oxalic 
and  carbonic  acids  furnish  a  variety  of  similar  deoxidation-products. 

Of  the  numerous  compounds  belonging  to  the  uric  acid  group  thus  pro- 
duced, the  most  important  are  included  in  the  following  table,*  which  is 
divided  perpendicularly  into  three  columns  of  an-ureides,  mon-ureides,  and 
di-ureides,  and  horizontally  into  three  layers  of  carbonic,  oxalic,  and  mes- 
oxalic products.  The  compounds  connected  by  dotted  lines  differ  in  com- 
position from  one  another  by  an  excess  or  deficit  of  one  molecule  of  urea 
minus  one  molecule  of  water,  while  those  standing  on  the  same  level  in 
the  adjoining  columns,  and  unconnected  by  dotted  lines,  differ  from  one 
another  by  an  excess  or  deficit  of  one  molecule  of  urea  minus  two  mole- 
cules of  water. 


An-ureidet. 
CHjO,,  Carbonic. 


Mon-ureides, 
-....CjNjH^O,,  Allophanic. 


Dirureidea. 


.CjNjHjO,,  Aceturea. 
•"^PjNjHjO,,  Glycoluric. 


CjH^Oy  Acetic/  y 
CjH^O,,  Glycollic. 
CjH^O^,  OlyoxyUc 

CjHjO,,  Olyoxalii 
CjHjO^.  OxaUc.^ 


/C4N4H,Oy  Glycoluril. 
C4N4H,0,.  Allantoin. 

30II1C.    ^UjWjH^UyHyaantom./ 
)xylic.-^  .CjNjH^Oj,  Lantanuric.      C^flfit^ 

/  CjNjH^O^,  Oxaluric. 
)xalic.  >^ 
lic./^     C,N,H,0,,  Parabanic. 


,  Mycomelio. 


CjH^O^,  Malonic.  C4N,H403,  Barbituric. 

CjH^Oj,  Tartronic.        C^NjH^O^,  Dialuric.-^ 

y^^fifit'^  Alloxanic. 
C,H,Oa,  Mesoxalic./    C4N,H,04,  Alloxan. 


CJN4H4O,  Hy  poxanthine. 
C5N4H4O,  Xanthine. 
CgN4H40j.  Uric  acid.     . 
C4N4H,04,  Pseudo-uric. 


Between  some  of  the  consecutive  monureides  shown  in  this  table,  there 
exist  bodies  formed  by  the  union  of  the  two  consecutive  monureides,  with 
elimination  of  water.  Such  is  the  mode  of  formation  of  aUiturief  kmtttn" 
urkf  and  hydurilic  acidst  and  of  aUozantin  ;  thus : 

C«N4H«04      =      C,N,H4q,      +      CjN,H40,      —      H,0 

Lantanuric 


Jlituric 
acid. 


Hydantom. 


acid. 


Leucoturio 
acid. 

=      C,N,HA      + 

Lantanuric 

acid. 

C,N,H.O,      _ 
Parabanic 
acid. 

H/) 

C,N,H.O. 

Hydurilic 

acid. 

Barbituric 
acid. 

C4NAO4      - 
Dialuric 
acid. 

H,0 

Alloxantin. 

Dialuric 

C,N.H.O,      - 
Alloxan. 

H,0 

acid. 

*  This  table,  tog«ther  with  the  preceding  Tiew  of  the  relatione  between  the  several  derira- 
tivcs  of  nric  acid,  is  taken  from  Odiing*s  "  Lectures  on  AQiinaLChmB^att^^    \a\Aq\x^^S&^^ 
pp.  121^185. 
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The  following  is  u  desoriptioa  of  flome  af  the  more  imporUal  compomkdt 
abovo  eaumcrulttd: 

Allantoijj,  C^NJI^O,.  —  This  subsfance,  which  contaios  th«  rlemeiiM  of 
2  uiolecules  of  auuioniutn  oxalate  minus  6  molecules  of  wat«r  [-Cj^NH^), 
0^  —  olIjO],  is  contained  in  the  ftlUniolc  liquid  of  tbe  foftul  calf  itod  in 
the  urine  of  the  sucking  ealf.  It  in  produced  artificiallj.  togi^ther  witk 
oxalic  acid  and  uroa,  by  boiling  uric  acid  vfitU  lead  dioxide  aod  wal«r: 

2CaN;H^(),  4-  30,  +  6H,0  =  C.N,lI,0,   ^   2C^I,0^  +  UCNjH^Q, 
Uric  acid,  Allan  tola.      Oxalic  acid.        Crea. 

The  liquid  filtered  from  lead  oxalate,  and  duly  concentrated  by  eTspora- 
tioR»  deposila  on  cooling  crystals  of  allantoin*  which  are  purified  bj  re- 
floluiiun  and  the  use  of  anitiml  charcoal.  The  mother-liquor,  when  further 
concenlrali'd,  yields  crystals  of  pure  urea,  AUiintDlu  forms  small  but 
most  brilliant  prismatic  crystaltt,  which  are  transparent  and  co)ortf:«i»,  des- 
titute of  taste,  and  without  action  on  vegetable  colors.  It  diRSkolres  in  IW 
parta  of  cold  water,  and  in  a  smaller  quantity  at  the  boiling  heat.  U  b 
decomposed  by  boiling  with  nitric  acid,  and  by  oil  of  Titriol  when  coneeOr 
traleil  and  hot,  being  in  this  case  resolved  into  ammonia,  carbon  dioxide^ 
and  curbon  monoxide.  Heated  with  concentrate<i  solutions  of  cauatio  alka- 
lies^ it  is  decomposed  Into  ammonia  and  oxalic  acid. 

Alloxan,  CiN^H^O^.  —  This  is  the  characteristic  product  of  the  actioa 
of  ooQcentriited  nitric  acid  on  uric  acid  tn  the  cold.  An  acid  is  prepared 
of  sp,  gr.  about  1*45,  and  placed  in  a  shallow  open  basin:  into  this  a  third 
of  its  weight  of  dry  uric  acid  18  thrown,  by  Buiall  portions,  witli  conflant 
agitation,  care  being  taken  that  the  temperature  never  rines  to  any  eoD- 
aiderablo  extent.  The  uric  acid  at  first  dissolves,  with  .  ..t.i...i.  ffferrc*' 
cence  of  carbon  dioxide  and  nitrogen^  and  eventually  IIj'  -ouies  i 

mass  of  white,  cry#*talline,  pasty  matter.     This  is  left  t^»  -  ,►•  hounki 

drained  froia  the  acid  liquid  in  a  funnel  having  its  neck  stopped  wUh  pop- 
der  and  fragmt^tits  of  glass,  and  afterward  wjore  effectually  dried  upon  t 
porous  tile.  This  is  allozan  in  a  crude  state:  it  is  purified  by  eoluiioo  in  i 
email  quantity  of  water,  and  cry^taUiialion. 

Alloxan  crystallixes  with  faeility  froni  a  hot  and  concentrated  fotutioB, 
slowly  suffered  to  cool,  in  solid,  hard,  anhydroat  crystals  of  great  regulaf- 
ily,  ivhich  are  transparent,  nearly  colorless,  have  a  high  degreo  of  1u«trVt 
ftU'l  the  figure  of  a  modified  rhombic  oclohedron,  Thette  eryslah  aw 
monohydrated,  consisting  of  L\Njll/)4.  Aq.  A  cold  solution,  on  the  otker 
hand.  Left  to  evaporate  spontaneously,  deposits  large  foliated  crystals  ctm- 
tjiining  4  molecules  of  wiiter;  th^.y  effloresce  rapidly  in  th<»  air.  Tl»e 
mouohydrate  heated  to  loCP^l*50<'  C'  (o02^-.32D°  F.)  in  a  ^  Iry  hj- 

drugen  gives  off  Its  water,  a ud  leaves  anhydrous  alloxn'  >^,    Al- 

loxan is  very  soluble  in  water:  the  solution  has  an  acui  i  i.^, j.jt,  a  dis- 
agreeably astringent  taste,  and  stains  the  ekin,  after  a  time,  red  or  purple 
It  is  decomposed  by  nlkalies,  and  both  by  qxiditing  and  deoxidtfia| 
agents:  its  most  characteristic  property  is  that  of  forisiag  a  deep-liluft 
compound  with  a  ferrous  salt  and  an  alkali. 

Alloxanic  Acid,  C^N^H^O^. — The  barium-palt  of  this  acid  la  depoftted 
in  sijiiill  colorless,  pearly  crj'stals,  when  baryta-water  is  added  to  a  folu- 
lion  of  alhixau,  heated  «o  W°  C  (140°  F.),  as  long  as  the  precipitate  fini 
produced  rcdisaolves,  and  the  filtereil  solution  is  then  left  to  cool.  TU 
bririuni  may  be  separated  by  the  cautious  addition  of  dilute  ftulphnric  ac4d» 
aiMl  the  Jiltercd  liquid  by  gentle  evaporation  yields  alloxanic  acid  in  •mtH 
i"n<lialed  needles.  It  kan  an  acid  lanto  and  reaction,  decomposes  < 
at  OS,  iiud  dtaaolvea  iiu«s  >N\\Ai  "^xti^iw^i^^^eAw^uSu  q^  Vi'^dro^en.      It  U  a 
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acid.  The  ftnoxatiates  of  the  alkali-metftla  are  freely  aoluble:  those  of  the 
carib-metala  clbmjUe  in  a  large  quantitj  of  tepid  water;  that  of  eilTer  ill 
quite  inaoluMe  uiid  iiabjdrous. 

MsHOXAtic  Acid,  CjHgOy — Wlieo  a  warm  aaturatpd  aohition  of  barium 
tLlloxanate  m  heated  to  chullitiou,  a  precipitati*  t'uUa,  which  is  a  mixture 
of  barium  carbonate,  alluxanatei  and  mesoxnlattt :  the  s^olufion  b  found 
to  contaiti  urialtervd  barium  alloxannte  and  urea.  Mi<:!^ux»ilic  uciil  is  hest 
prepared  by  slowly  adding  solution  of  alloiiin  to  a  boiIiii|?-Lt»t  iiolution  of 
Ifju!  acclAte :  the  heavy  granular  precipltute  of  lead  mcsoxalalc  thus*  pro- 
duced ia  washed  and  deoompo»ed  by  a  tdp  buret  ted  bjdrogen:  urea  in  also 
formed  in  this  reaction  (p.  725).  Mesoxalic  acid  is  crystullizable :  it  has 
a  sour  taste  and  powerfully  aeid  reaction^  aitd  resists  a  boiling  heat:  it 
forms  spariugHy  soluble  salt  a  with  bnriuni  and  calcium,  and  a  yellowish  m- 
Boluble  compound  with  silver,  wbick  ia  reduced  with  effervescence  when 
gently  heated. 

Mtcomelic  Acjd,  C^N^IT^Oj. — This  acid  is  formed  when  ammonia  in 
excess  is  added  to  a  eolulion  of  alloxan,  ihe  whole  heated  to  ebullition, 
and  afKerward  supersaturated  witb  dilute  sulphuric  acid :  it  then  aeparatea 
ail  a  yellow,  light  precipitate,  whieli  increases  in  qnsintity  a»  the  li^iuid 
cools.  It  is  but  feebly  soluble  in  water;  easily  dissolved  by  alkalies,  and 
forma  a  yellow  atlvcr-sali.  IIa  formation  from  alloxan  and  ammonia  is 
repreaentod  by  the  equation  : 

C^NjHjO^        +        2NE,        =         C^N,H,0,        +        2IT,0. 

Tahabajhc  Acid,  or  rAnAUAS,  CjNJIjO,.  —  This  ia  the  chiiracterifdio 
product  of  the  action  of  moderately  strong  nitric  acid  on  uric  acid  or  al- 
loxan, htf  the  aid  of  hmi  : 

CsN^n^O,    4-    O,    -f     2H,0    =    C,N,H,0,    +     2C0,    +     2NHy 

It  is  conveniently  prepared  by  heating  together  1  part  of  uric  acid  and  8 
parts  of  nitric  acid  until  the  reaction  haH  nearly  ceased;  the  liquid  is  eva- 
porateil  to  a  syrupy  state  and  left  to  cool;  and  the  acid  drained  from  the 
mother-liiiuor  is  purified  by  ro-crystalliiatiou.  Parabanic  acid  forius 
colorless,  transparent,  thin,  priifmatic  crystals,  whicb  are  permanent  in  tho 
air;  it  is  eaaily  soluble  in  water,  has  a  pure  and  powerfully  aci*!  taste,  and 
reddena  litmus  strongly.  Neutralized  with  ammonia,  and  mixed  with  sil- 
ver nitrate,  it  gives  a  white  precipitale. 

OxAHTRic  Acin»  CjiH^^NjO^.  —  Tbe  ammonium-Falt  of  this  acid  separates 
in  colorless  needles,  when  a  solution  of  parabanic  acid  saturated  with  nm- 
montu  is  boiled  for  a  moment,  and  then  left  to  cool.  The  acid  is  obtained 
by  adding  an  excess  of  dilute  tftdpliuric  acid  to  a  hot  and  strong  solution 
of  tho  ammonium-aalt,  and  cooling  the  whole  rapidly.  It  forms  a  white, 
cryatalline  powder,  of  acid  taste  and  reaction,  capable  of  combining  with 
bases:  the  barium-  and  tfjfaum'SfiiU  are  sparingly  Boluble;  the  ftlvrr-nalt 
crystalliies  from  the  mixed  hot  solutinn  of  silver  nitrate  and  ammonium 
Oitalurate  in  long*  silky  neeclles.  Oxaluric  acid  eontaina  tbe  elements  of  1 
rooleculoof  parabanic  acid  and  1  molecule  of  water.  Its  solution  is  resolved 
by  ebullition  into  free  oxalic  acid  and  oxalate  of  urea. 

THioNtTKic  Acn>,  C^NjIVSO^.  —  TliiB  acid »  which  contains  the  elements 
of  alloxan,  ammonia,  and  sulphurous  oxide  (C^NjlT^O^  +  Nfl^  -j  S<).^),  is 
formed,  as  an  ammonium -wilt,  when  a  cold  solutinn  of  alloxan  is  mixed 
wich  a  saturated  aqueous  solution  of  f^ulpburoua  acid,  in  such  quantity  that 
the  odor  of  the  gaa  remains  quite  distinct;  an  excess  of  arati\Qw\\w^  ^ivix- 
bonate  mixed  with  a  little  cauatic  ammonia  ia  l\i^ii  uACkn^,  ^^v\  vVt  ^VOkSi 
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liled  for  a  fev  mimite!;.  Oa  oooliDg,  ammnnimn  (kionura/f  b  ii? 
[groat  aUundauoef  forming  bviiiilirul,  eolorlefis.  cr^rstuUitie  iiUte?/ which  bj 
[lohilion  in  water  iiiid  re'cryslalliialiou  uc(|Uire  »  fitie  pitik  r.T»t  a  wlu- 
I  tioti  ijf  lhi<i  suit  ^ives  with  lcHd-»cctiiU$  a  precipitate  of  ^  l^^ad  tltio^ 

IjiuriUe^  which  is  at  ^rH  white  and  fr^lttiitioudf  but  Bhot;  ities  deote 

land  erysL^lliue:  from  thia  couipound  the  acid  may  be  obtaiueJ  by  iht  aid 
Fof  ^ufphuretted  hydrot^tm*  It  forma  a  white  crystalliue  mass,  penttanefit 
in  the  air,  vtivj  aoluble  in  wiiter,  of  acid  taate  and  reaction,  and  capable 
of  Gombinmg  directly  with  ba«es.  Wti^n  ita  solution  i?i  heated  to  the  boil- 
ing Jso'Uti  it  undprgoes  decomposition^  yielding  sulphuric  acid  and 
or  dioiuramide,  i^^^Ufiji 

Uramilk. — To  prepare  this  substance,  ammonium  t  h  ion  urate  is  dls 
in  hot  water,  mixed  with  a  small  excess  of  hydrochloric  acid,  and  the  i 

boiled  in  a  flask:  the  uramile  then   separates  as  a  white,  crystalline    

'stance,  increasing  in  quantity  till  the  contents  of  the  Te$«iel  often  becont 
liemi-solid.  Aftt-r  cooling,  it  is  collected  on  a  filter,  washed  with  cold  water 
to  n^move  the  Hulphnric  acid,  and  dried  by  §^entle  heat,  during  which  U 
frL'i]iipntly  hecooiL's  pinkish.  Ii  is  tasteless  and  nearly  insoluble  in  water, 
but  dlMSi»Wes  in  amtnonia  and  thu  fixed  alkalies.  The  ammoniacal  solutioa 
bt'comea  purple  in  the  air.  It  is  decomposed  by  strong  nitric  acid,  will 
formation  of  alloxan  and  ammonium  nitrate: 


toe  j^^^ 

b»<^m«     I 


Uramile,  heated  with  «qneous  solution  of  potassium  cyanale,  is  con' 
into  psrudo-uric  add,  i\"S^{\^i\^  i=  V^'S^W.p^  ^  CNHO. 

Urauiile,  added  to  nrgoutie  or  mercuric  oxide  suspeadod  inboiltiig 
is  convened  into  murexide  (p.  732). 

Alloxantin,  C^N|H/),  .  3  Aq.  —  This  substance  is  the  chief  product  of 
the  action  of  hot  dilute  nitric  acid  upon  urtc  acid,  and  is  likewiHe  prodacei 
by  the  action  of  deoxidizin]^  ageiils  ypon  nlloxan,  anhydrous  alloxiintiii.  ia 
ffict,  containing  I  utoni  of  oxygen  less  than  «  molecules  of  alloxan.  It  tt 
beat  prefKired  by  pusstng  solphiiretled  hydrogen  pas  through  a  mcMJemtdf 
strong  and  col«i  solution  of  alloxan.  The  mother-liquor  from  winch  th« 
crystals  of  alloxan  have  separated  answers  the  purpose  perfectly  wellr  il 
is  diluted  with  a  little  water,  and  a  copious  stream  of  gas  transmitttd 
through  it.  Sulphur  is  then  deposited  in  large  quuntity,  mixed  wiUi  • 
white,  cry!«t£illine  substfinee«  which  is  the  alloxaniin.  The  prodaH  it 
drtiijied  upon  a  filler,  slightly  washed,  and  then  boiled  in  water:  the  fil- 
tered solution  deposits  the  alloxantin  on  cooling,  Alloxautin  forms  tmtXl, 
fotir-sided,  obUque  rhombic  prisms,  colorless  and  transparent;  it  is  soluble 
with  difficulty  in  cold  water,  but  more  freely  at  a  boiling  temperature. 
The  solution  reddens  liiuius,  gives  with  baryta-water  a  violet-crdrtred  |>rt- 
oipitate,  which  disappears  on  healing,  and  when  mixed  with  silver  iiitTtit 
produces  a  black  prtcipitate  of  metallic  siWer.  Heated  with  chloriae  or 
niiric  ucid,  it  is  changed  by  oxidiition  to  alloxan.  The  crystals  becunin  reJ 
when  exposed  to  amnioniarnl  vap^ors.  They  contain  Ji  molecules  of  water, 
which  they  do  not  give  off  tiU  heuled  above  ViiP  C.  (3t>2°  F.). 

Alloxautin  IK  readily  decomposed:  when  a  stream  of  BulplMn  '"  '  '  Tn»* 
gen  is  pnwMMl  thvougli  its  boiling  solution,  sulphur  is  deposit*  nc 

aeitl  is  proihiocd,  A  hot  snturalcd  solution  of  ulloxantin  mtxtj  *  ».,..,  ..  auu* 
trill  salt  of  auiiuunia  instantly  nssumes  o  purple  color,  which,  howft*?, 
qyickly  Vanishes,  the  liquid  becoming  turbid  from  the  formal  ion  of  ttri' 
mile :  the  BoUifton  \ft  \\\en  fouivd  1q  eoutain  alloxan  and  free  ucid,  Wiili 
AiJ?er  oxidci  uiloxjktkim  %i\^&  ^^  caxX^^u.  ^\^xjA^<,  x^^^^ca^  ^  V^rtioii  of  tii 
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metal,  and  oonTerU  the  remainder  of  the  oiide  into  oxalurate.  Boiled 
with  water  and  lead  dioxide,  alloxantin  gives  urea  and  lead  carbonate. 

DiALVBio  Acid,  C4N,H.04.  —  This  acid  is  the  final  product  of  the  action 
of  reducing  agents  on  alloxan,  and  is  formed  when  sulphuretted  hydrogen 
is  passed  through  a  boiling  solution  of  alloxan  till  no  further  action  takes 
place:  C4N»H,04  +  H^  ra  C4N,H404  -f-  S.  It  forms  colorless  needles,  re- 
sembling those  of  alloxantin,  has  a  strong  acid  reaction,  and  neutralizes 
acids  completely,  forming  salts  which  are  sparingly  soluble  in  water. 

Htdurilio  Acid,  C^flfi^.  —  Dialuric  acid,  heated  to  about  160^  C. 
(82(P  F.),  with  glycerin  (which  acts  merely  as  a  solvent),  splits  up  into 
formic  acid,  carbon  dioxide,  and  the  ammonium-salt  of  hydurilic  acid: 

SC^NjH^O^    =    CH,0,    +    8C0j    +    2CgN4H4(NH4)0,. 

By  converting  this  ammonium -salt  into  a  copper-salt,  and  decomposing  the 
latter  .with  hydrochloric  acid,  hydurilic  acid  is  obtained  in  crystals. 

Hydurilic  acid  is  converted  by  fuming  nitric  acid  into  cdloxcai,  without 
any  other  product ;  but  with  nitric  acid  of  ordinary  strength  it  yields  al- 
loxan, together  with  violuric  acid,  violantin,  and  diliturie  acid:  * 

CgN^HjOj  4-  NOjH  =  C.NjHjO^   +    C^N.HjO^  -f  H,0 
Hydurilic  Violuric  Alloxan.  •" 

acid.  acid. 

CgN.HjO.   +   2NO5H  =  C^N.H.Oj    +  C.N,H,04  +  NO,H  -f-  H,0. 
Hydurilic  Diliturie  Alloxan, 

acid.  acid. 

If  the  action  be  carried  on  to  the  end,  diliturie  acid  is  the  only  product. 
This  acid  may  indeed  be  regarded  as  a  product  of  the  oxidation  of  violuric 
acid :  C4N,H,05  =r  C4N3H3O4  -{-  O ;  and  violantin  as  a  compound  of  the 
two. 

DiBROMOBARBiTURio  AciD,  or  Bbom ALLOXAN,  C^^^U^tfig,  Is  produced, 
together  with  alloxan,  by  the  action  of  bromine  on  hyaurUic  acid: 

C4N4H,0«  4-  Br,  +  H,0  =  C4N,H,Br,05  +  C^S^Efi^  +  4HBr. 

It  crystallizes  in  colorless,  shining  plates,  or  prisms,  belonging*  to  the  tri- 
metric  system,  soluble  in  water,  very  soluble  in  alcohol  and  ether.  By  Ay- 
drogcn  nUphide,  in  presence  of  water,  it  is  reduced  to  dialuric  acid : 

C4N,H^r,0j    4-   H^   4-   H,0  =  C4N,H404    4-    2HBr  4-   S. 

With  a  small  quantity  of  hydriodic  acid  it  yields  hydurilic  acid : 

2C4N,H,Br3,0,    4-    6HI    =    C8N4H,0,    4-    4HBr    4-    81,; 

bat  when  it  is  heated  with  excess  of  hydriodic  acid,  the  reduction  goes  a 
step  farther,  and  barbituric  acid,  C^l^fifi^  is  produced : 

C4N,H,Br,0,    4-    4HI    e    C4N,H40,    4-    2HBr    +    21, 

Barbituric  acid  crystallizes  in  beautiful  prisms,  containing  two  molecules 
of  water.  It  is  bibasic,  and  yields  chiefly  acid  salts,  which  are  obtained 
by  treating  the  corresponding  acetates  with  barbituric  acid. 

Barbituric  acid  is  converted  by  fuming  nitric  acid  into  diliturie  acid,  by 
potassium  nitrate  into  potassium  violurate.  When  boiled  with  potash  it 
gives  off  ammonia,  and  yields  the  potassium-salt  of  malonie  acid,  C^H^^ 

•  For  deicHptJoiw  ot  then  mutnA  prodnctB,  wt  WatW%'CVcW0tubxi  ^  ^:Ki«is^aNx^. 
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(p.  661),  whence  it  appears  to  have  the  oonBtltation  of  maUm^l  ttrem^  CSfi, 
(C,H,0,)''0  =  CjH^O^  -f  CNjH^O  —  2H,0.  ^ 

MuEEXiDB,  CgNcUgOQ .  Aq. ;  Prout^s  Pwpuraie  of  AmmomkL  — Then  art 
BeTeral  methods  of  preparing  this  magnificent  compound.  It  may  be  made 
directly  from  uric  acid,  by  dissolving  that  substance  in  dilute  nitric  acM, 
evaporating  to  a  certain  point,  and  then  adding  to  the  warm  but  not  bail- 
ing liquid  a  very  slight  excess  of  ammonia.  In  this  process  alloxaatla  is 
first  produced,  and  in  afterward  partially  converted  into  alloxan :  the  pret- 
ence of  both  is  requisite  for  the  production  of  murezide.  This  proecM 
is,  however,  very  precarious,  and  often  fails  altogether.  An  exeelleBt 
method  is  to  boil  for  a  few  minutes  in  a  flask  a  mixture  of  1  part  of  dry 
uramile,  1  part  of  red  oxide  of  mercury,  and  40  parts  of  water,  to  wkick 
two  or  three  drops  of  ammonia  have  been  added :  the  whole  asramea  is  a 
short  space  of  time  an  intensely  deep  purple  tint,  and  when  filtered  boil- 
ing hot,  deposits,  on  cooling,  splendid  crystals  of  murexide,  unmixed  with 
any  impurity.    The  reaction  in  this  case  is: 

2C4N,H.O,        +        0        =        CaN«H,0.        +        H^. 
Uramile.  Murexide. 

A  third,  and  perhaps  cren  still  better  process,  is  that  of  Dr.  Gregory :  7 
^arts  of  alloxan  and  4  parts  of  alloxantin  are  dissoWed  in  240  parts  of  boil- 
ing water,  and  the  solution  is  added  to  about  80  parts  of  cold,  strong  solu- 
tion of  ammonium  carbonate:  the  liquid  instantly  acquires  such  a  depth 
of  color  as  to  become  opaque,  and  gives  on  cooling  a  large  quantity  of 
murexide:  the  operation  succeeds  best  on  a  small  scale. 

Murexide*  crystallizes  in  small  square  prisms,  which  by  reflected  ligbt 
exhibit  a  splendid  green  metallic  lustre,  like  that  of  the  wing-cases  of  the 
rose-beetle  and  other  insects:  by  transmitted  light  they  are  deep  purple- 
red.  It  is  soluble  with  difficulty  in  cold  water,  much  more  easily  at  the 
boiling  heat,  insoluble  in  alcohol  and  ether.  Mineral  acids  decompose  it, 
with  separation  of  a  white  or  yellowish  substance  called  murezan^  probably 
identical  with  uramile,  and  caustic  potash  dissolves  it,  with  production  of  a 
most  magnificent  purple  color,  which  disappears  when  the  solution  is  boiled. 

A  few  years  ago,  murexide  was  extensively  used  in  dyeing;  it  is  now 
rapidly  being  superseded  by  rosaniline,  the  crimson  derived  from  aniline. 

A  series 'of  substances  closely  related  to  the  derivatives  of  uric  acid  will 
be  noticed  under  the  head  of  Caff'eine. 


COXPOUND  AXXONIAS  or  hXXKEB. 

These  names  are  given  to  a  class  of  compounds  derived  from  ammonia. 
Nil,,  by  substitution  of  alcohol-radicals  for  hydrogen,  these  radicals  being 
either  monatomic  or  polyatomic;  the  substitution  may  take  place  in  one, 
two,  or  a  greater  number  of  ammonia  molecules,  thus  giving  rise  to  monu- 
niine*^  diamines^  triamines,  &c.  Moreover,  the  nitrogen  in  these  bases  may 
be  replaced  by  phosphorus,  arsenic,  or  antimony,  giving  rise  to  phos- 
phines,  arsines,  and  stibines,  bases  analogous  in  composition  and  properties 
to  the  amines.  Connected  with  these  last-mentioned  bases  are  certain  com- 
pounds of  alcohol-radicals  with  metals  not  belonging  to  the  nitrogen  class. 
The  natural  organic  bases,  or  alkalotds^  found  in  plants,  and  certain  artifi- 
cial bases  whoso  constitution  has  not  been  very  exactly  made  out,  will  be 
treated  in  an  appendix  to  the  alcoholic  ammonias. 

•  Bo  oAlled  from  tho  Tjrlaxk  d^c,  w^ai  \o  \j««  \maii  prepurd  (torn  a  species  of  murtK,  or 
sfaell-flsb. 
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AlONXS  DXRITED  IBOM  MONATOMIO  ▲L0OHOL& 

Ammonift,  NH,,  mmy  give  up  one,  two,  or  three  of  its  hjdrogen-atonui  in 
ezehange  for  nniTalent  alcohol-radicftla  (methyl  and  its  bomologues,  for 
example),  producing  primary^  secondaiy,  and  tertiary  amnuM,  If  A,  B,  C, 
denote  tliree  suob  alcohol-radicals,  the  amines  formed  bj  substituting  them 
for  hydrogen  in  ammonia  will  be  represented  by  the  general  formulso : 

n|h  nIb  nIb 

IH  U  IC 

Primary.  Secondary.  Tertiary. 

In  the  secondary  and  tertiary  amines  the  alcohol-radicals  denoted  by  A,  B» 
C  may  be  either  the  same  or  different ;  for  example : 


Secondary. 


Tertiary. 


fCH, 

nJch, 
1h 

Diametfayl- 
amine. 


"{'/     K 


fCH, 

nJc" 


(CH, 


Methyl- 
ethyUunine. 


CH, 

CH,     n^ch:  .. 

Trimethyl-    Dimethyl.  Methyl-ethyl- 
amine.       ethylamine.   amylamine. 


It  is  clear  that  amines  containing  only  univalent  alcohol-radicals  must  be 
deriTed  from  only  one  molecule  of  ammonia :  for  to  bind  together  two  or 
more  such  molecules  would  require  the  introduction  of  a  polyatomic  radi- 

H^)^^  is  a  stable  compound,  but  such  a  compound  as 


«1^ 


0*1:  thus, 
^  i  (C^H^)t  would  split  up  into  two  molecules,  each  consisting  of  N  |  ^  \x  • 

In  other  words,  amines  derived  from  monaiomic  alcohols  must  be  mona- 
mines. 

These  amines  are  basic  compounds  more  or  less  resembling  ammonia  in 
odor,  having  an  alkaline  reaction  on  vegetable  colors,  and  uniting  with 
acids  to  form  salts  which  are  analogous  in  composition  to  the  ammonium- 
salts,  and,  like  the  latter,  may  be  regarded  either  as  compounds  of  ammo- 
nia-molecules with  acids,  or  of  ammonium  molecules  with  halogen  elements 
and  acid  radicals  analogous  thereto  (see  p.  810) ;  thus: 


NH, 
Ammonia. 

ammonia. 


-}-    HGl        =  NH^ .  €1  Ammonium  chloride. 

4-     HCl        =  NH3(C,H,) .  CI     Ethylammonium  chloride. 


NH(C^(),    +    HCl        =  NH,(C,H3),.C1    Diethylammonium  chloride. 

Diethyl, 
ammonia. 


N(CA). 

Tnethyl- 

amine. 

ftnine. 


-f     HCl        =  NH(C,Hj),.Cl      Triethylammonium  chloride. 


-f    H^04     =  [Nn(C,H5)J^04  Triethylammonium  sulphate. 
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All  the  suUa  of  tliese  amines,  when  lie&ted  with  poUsh,  give  off  ikt  i 
lust  fLfi  atiimonia-stilU  give  off  ammonia. 

Tbe  tcptUry  limine^  ean  itoite  with  Ibc  chlorides,  &c.,  of  ii1coh6l>f 
Cftls  in  the  Bame  manner  as  wilh  acids:  thus  trielliyliimioe.  N(C;Hj',  «ttitts 
direefly  wiih  ethyl  iodide.  CjH^L  forming  a  compound  which  niAj  t»c  re- 
gfirded  ehher  US  (riethi/lttmmg  f f hi/iwffitif ^  ^{C^U^)^^  CA^^l,  ot  as  UtrHh^ 
ammonmrn  iodide,  N^C^H^)^.!.  Now  thi»  iodide,  when  heated  with  poCaii. 
doed  not  giTe  off  amtnouia  or  a  volatile  ammonia^baee ;  but  when  heated 
with  silver  oxide  and  water,  it  is  converted*  bj  exchange  of  iodine  forh^* 

drojLjl,  into  a  strongly  alkultnebuse,  called  tftr  '^    ' -17 mm  hydntU*  wbiel 

luay  be  obtained  in  the  Bolid  slate,  and  exhibw  1^  closely  analof^ 

lo  those  of  the  fixed  eatistic  alkalies.  Ita  forn.^  .,^  ._  repreAettte4  by  (If 
e(|uatioii : 

N(C,H,)J      +      KOH      ^      KI      +      N(C^HJ.(OII). 

Moreover,  fhl^base  can  exchange  ila  hydroxy!  for  chlorine,  brrtmjn^,  «iid 
other  acid  radicals,  ju9t  like  potash   or  soda,  forming  aoUd  itte 

saitii  like  the  iodide  above  mcntioneiL     These  com  pounds,  C'  ur 

e(]uiTalen(H  of  ttleohol-radicals,  are,  in  fact,  nnalogous  in  ever^  it^jM-ci  la 
amui<jtiium-»idts,  excepting  that  the  corresponding  hydrate^!  are  eapableof 
exi.sting  in  the  solid  gtate,  whereas  ammonium  hydrate.  NBjfOH),  fflitl 
up,  as  80on  as  formed,  into  nmmonia  and  water.  The  radioale  ?i(Cjn|)^ 
&c.,  corresponding  to  amntonium,  are  not  known  in  the  free  »tate. 

The  monamiue*!  containing  more  than  one  carbon-atom  are  !pa»cei>tftW 
of  istomeric  modilications  ^iniilar  to  those  of  the  alcohols  ;  thus  elhylaasilMi 
NHj(CjHj),  is  isomeric  with  dimethylatnine,  Nl^C^Hj),;  propj liaiae, 
Kll,^(Cjli,),  is  isomerio  with  meihyl-erhylamine,  NH(CUjf(C,H,).  aitJ  »tik 
trimelhylamine,  N(Cll5)j,  &c.,  &c.,  Ihe  number  of  possible  inodificatieai 
of  cour'^e  increasing  with  (lie  complexity  of  the  molecules,  moreover,  1 
monamine,  either  primary,  secondary,  or  tertiary,  may  admit  of  iiii>tl»i<a- 
tion  in  the  ale  oho  I- radical  itself;  ihua  the  primary  monamine^  NH^C,li|)« 
may  exhibit  the  two  following  modifications: 

N  J  11  N  ]  n 

In  Ih 

Propylamine.  Isopropylamine. 

An  instanco  of  iHoineriaoi  of  this  latter  kind  has  lately  been  ob»erf«4ly 
Wurii  in  amylamine,  NU^d'^Un). 

Amine?*  may  of  course  be  forniulated  on  the  methane  or  mftreh-^»  typ* 
itiMtead  of  the  ammonia  lype,  the  radical  ainldogen,  Nllj,  and  others <1^ 
*riT«d  from  it,  being  aubstiluted  for  an  atom  of  hydrogen;  thus: 


fH 
C     " 

C     " 

C 

rCH- 
H 
H 

Cl 

H        ->  11 

H               ^     H 

Methane. 

Meihyl- 
aniine. 

E 

ac 

Lbyl- 
oine. 

D 

imetbyl-       THmelhyl- 
amlne»            amin^. 

This  mode  of  reprcRentafion  ts  convenient  in  some  ca?='      *       '^^  tn 
and   their  salts  are  su  closely  related  to  the  ammonia-*.  >  iit  < 

modes  of  furtnafion  and  iraiisformalion,  that  they  are  ;..  ..-.  ;iiait  1 
more  appropriately  represented  by  formulus  derived  from  aminotiiaf ! 
and  sal-ammoniac,  Nll^CL 

A  great  nutiA^ieT  0?  ammca  ixtvd  their  salts  have  been  obtained,  but  ti* 
limit «  of  ih\»  ytotU  v<\VV  u^iV  aV\^^  ^4  v^i  ^ntwxC^i^b  'Wi'^x^  vVat^ss^  K\x^  luost  top^ 
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tant  of  those  containing  the  radicals,  methyl,  ethyl,  amy!,  and  phenyl.  In 
describing  them  it  will  be  convenient  to  make  a  slight  departure  from  the 
natural  order,  and  commence  with  the  ethyl  bases,  which  have  been  more 
completely  studied  than  their  homologues. 


BASES  OF  THE  ETHTL  SERIES. 

Bthylamin«,  or  Sthyl-ammonia,  G,H.N  =  NH,(C^f). — On  digesting 
ethyl  bromide  or  iodide  with  an  alcohouo  solution  of  ammonia,  the  alka- 
line reaction  of  the  ammonia  gradually  disappears;  and  on  evaporating 
the  solution  on  the  water-bath,  a  white  crystalline  mass  is  obtained,  which 
consists  chiefly  of  ethyl-ammonium  bromide  or  iodide:  Nil, -|-  C,H^I  = 
IiH3(C,H()L  On  distilling  this  salt  in  a  retort  provided  with  a  good  con- 
denser, with  caustic  lime,  the  ethylamine  is  liberated  and  distils  over: 

2NH,(C,Hj)I    +    CaO    =    2NHa(C,Hj)     -j-     H,0    Cal^ 

Another  method  of  preparing  this  compound,  and,  indeed,  the  method  by 
which  it  was  first  obtained  by  Wurtz,  consists  in  submitting  ethyl  cyanate 
to  the  action  of  potassium  hydrate.  Cyanic  acid  Cp.  710),  when  treated 
with  boiling  solution  of  potash,  splits  into  carbon  dioxide  and  ammonia; 
and  ethyl  cyanate  (p.  714^  suffers  a  perfectly  analogous  decomposition, 
jielding  carbon  dioxide  ana  ethylamine : 

CNHO        +        2KH0        =        K,CO,        -f        NH, 
Cyanic  acid.  Ammonia. 

CN(C,H5)0         +    2KH0        =        K,CO,        +        NHj[C^j) 
Sthyl  cyanate.  Ethylamine. 

Ethyl  cyanurate,  polymeric  with  the  cyanate,  likewise  gives  off  ethyl- 
amine when  boiled  with  potash. 

Ethylamine  is  a  very  mobile  liquid,  of  sp.  gr.  0-6964,  at  8<*  C.  (46<*  F.), 
boiling  at  19*>  C.  ([66°  F.).  The  specific  gravity  of  its  vapor  is  1-57.  It 
has  a  most  powerful  ammoniacal  odor,  and  restores  the  blue  color  to  red- 
dened litmus-paper.  It  produces  white  clouds  with  hydrochloric  acid,  and 
is  absorbed  by  water  with  great  avidity.  With  acids  it  forms  a  series  of 
neutral  crystallizable  salts  perfectly  analogous  to  those  of  ammonium. 

Ethylamine  imitates,  moreover,  in  a  remarkable  manner,  the  deportment 
of  ammonia  with  metallic  salts.  It  precipitates  the  salts  of  magnesium, 
aluminium,  iron,  manganese,  bismuth,  chromium,  uranium,  tin,  lead,  and 
mercury;  linc-salts  yield  a  white  precipitate,  which  is  soluble  in  excess. 
Like  ammonia,  ethylamine  dissolves  silver  chloride,  and  yields  with  cop- 
per-salts a  blue  precipitate,  which  is  soluble  in  an  excess  of  ethylamine. 
On  adding  ethylamine  to  oxalic  other,  a  white  precipitate  of  bieth/l-ozamide, 
N,(C,0-)''H,(C-H5)p  is  produced:  a  compound  analogous  to  oxamic  acid 
(p.  6o9)  has  also  been  obtained.  Ethylamine  may,  however,  be  readily 
distinguished  from  ammonia:  its  vapor  is  inflammable,  and  it  produces 
with  platinic  chloride,  a  salt,  [NH,(C,Hj)Cll,PtCV  crystallizing  in  golden 
scales,  which  are  rather  soluble  in  water.  Treated  with  chlorine,  it  yields 
ethyl-ammonium  chloride  and  bicfUorethylamine,  NCljCjHjj,  a  yellow  liquid 
having  a  penetrating,  tear-exciting  odor.  When  treated  with  potash,  it  is 
converted  into  ammonia,  potassium  acetate,  and  potassium  chloride:  NCL 
(CjHs)  +  3KH0  =  C,H,KO,  -f  2KCI  -f  NH,  -|-  H,0. 

Ethyl-urea,  —  On  passing  the  vapor  of  cyanic  a«\^  Vn\jci  ^  %0«vNa»tl  ^"i 
ethjrlaaine,  the  liquid  becomes  hot,  and  deposila,  alV«t  v«ai^wc^>^v^^-»  ^^''^ 
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orystale  of  ©rhyl  up<mi:  CjH^N  -f  CNHO  =  CJiJ^fi  =^  CTl^iCyn^)l!ifl, 
This  ?nbHtunce,  wbicb  may  be  viewed  aa  ordinnry  urea  (p.  721).  Imiritig  t 
utotii  of  h^'drogen  replaced  by  efbyl,  may  also  be  prepured  by  trc»tiiig 
cyanic  oilier  witli  ainmoDia:  CNir^H^)!.*  -\-  KHj  =  C^H^N/)  £ihj1'ur«« 
i«  very  Holiible  in  water  und  alooLol :  the  concentrated  a«|ueoii«  ftotution, 
iinliku  ibat  ^f  orditiary  nruftt  yields  no  preeipilate  with  nitric  acid;  but  on 
getidy  evaporating  tbe  miitiire,  a  very  soluble  crygtalUne  nitrate  of  etJiyl* 
urea  if*  obtained.  Boiled  with  p<ila»h,  ihiB  SQb9t4Lnce  yields  a  mijctnre  of 
equivalent  quantiiicB  of  ammonia  and   ctiiylamine :    CjH^^N,0 -j- 2KilO  = 

Biethylami&e,   C4Hj,N   =s   NB(C|IT.)|.  —  A   mixture  of  ihe  »oliittoiii  ^ 

cthylaruine  and  ethyl  bromide,  heated  in  a  sealed  lube  for  eeTeral  bourf, 
icolidifieB  to  a  crystalline  masd  of  biethyl-auimonium  bromide:  N[lgC,H, -f- 
(.yiJJr  ==  NlIj{C,Hft),Br.  This  bromide,  dialilled  with  potash,  yield* 
biethyhmiime  as  a  colorless  liquid,  tiill  very  alkaline,  and  solulde  in  water, 
but  less  8o  than  ethylamine.  Tbia  compound  boilu  at  67  5^  C.  (\'A^^  F.)* 
It  forms  bejiutifully  ciy^tallizable  saUe  with  Hcids,  A  polutir^n  ol  bielhyU 
amunonium  chloride  formt*^  with  plalinic  chloride  a  very  soluble  double  »alJ^ 
^Nll^^CjIljljt'l  .  PlCl^,  crystalliaing  in  orange-red  grains,  very  differvnt 
frnm  the  orange-yellow  Icavoii  of  the  corresponding  eihyl-iimmotiiuni  salt 

iiidhtfl-urta  — Biethylatuiue  behaves  with  cyiinic  acid  Uke  unimonia  aii4 
cthybMiiine,  giving  rise  to  bieibyl-urea.  A  subiUpmce  siiinlar  to,  \»\%\  ii«i 
ideuEical  \^itb,  the  foimer^  Ima  been  produced  by  ibe  action  vf  fv,.,,;..  ..th^?r 
upon  etbylamine  ;    CKfCjll^lO  -f  C^lLN  =  C.tri^N.O  qs  r[il  0. 

The  bietbyl-ureag  arc  very  cryfitallixnule,  and  readily  form  cr-  tji- 

tratea.  Boiled  with  potai^h,  the  biclhyl-ureas  yield,  the  former  ]  inoleeala 
of  biethylamine  iiud  1  molecule  of  ammonia,  C[H3(r,H|)^]NjO  -f-  2KU0  = 
K,n»f  H-  Nli(C.,HJ,  f  Mi,:    the    latter,   pure  ethylamme^  <-T*Ij(*^M*lJ 

Trietbylamina,  *^JIiftN  ==-  K(r  Hj),.  ^Tbe  formation  of  this  body  if  per- 
fectly jiimlogous  to  that  of  eThymiiiine  and  of  bietbylaniine.  On  heatinf 
for  ft  short  finie  a  mixture  of  bielbylumine  with  ethyl  bromide  in  a  sealed 
glans  tube,  a  beautiful  librous  maB8  of  tnethyl-ammoniura  bromide  is  ob- 
ialncd,  from  wbieh  the  trielhybiniine  may  be  separated  by  potn^h.  Tr»- 
elhylaminc  is  a  colorlrRs,  powerfully  alkaline  liquid,  boiling  ni  1*1*^  C.  (196** 
¥.\.  The  jiaita  of  Ihia  biise  cryRtallize  remarkably  welL  With  platinie 
chloride  it  forms  a  very  polublo  double  ^alt,  2NH(C,II|)|C1 ,  IHC1|,  which 
crys^tFillizes  in  magnificent,  large,  ornnge-red  rhombs. 

The  action  of  ethyl  iodide  or  hromide  on  ammonia  gives  rise  to  the  si- 
multaneous formation  of  the  three  ethylated  bases,  which,  though  differing 
considerably  in  their  boiling  points,  can  scarcely  be  aeparated  by  fractional 
distillation.  The  gf^paratioa  succeeds^  however,  by  digesting  the  mixture 
of  llieae  three  bases  with  anhydrous  ethyl  oxalate.  Ethylamine  is  thua 
converted  into  diothyloxaminc: 

Ethyl  oxalate.  Ethyl-  Alcohol.  Pieibyl-oxamide, 

amine. 

ftnd  diethylaminc  forms  dieibyloxamate: 

Bthyl  oxalate.  Diethyl-  Alcohol,         Etiiylio  diethyloxaoiaies^ 

amino. 

whereas  trietbykmmts  tlo^^a  i\<ii  combine  with  oxalic  elher.     The  separation 
i»  carried  ouL  in  the  l'o\\ow\v¥;\nft-T\u^^*  .     ,^        v. 
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tur©  of  ctbjl  bases  in  the  water-balh,  pure  triethjlamine  pjiaacg  over;  nod 
on  *rcftting  the  residue  witli  boiling  water,  diethyloxAmide  if  ilissoWed, 
wliil«  ethyl  diethyloiamaic  renmina  as  an  inaolublu  liiyer  floating  upon  rho 
hot  Hotiilioti :  it  miiy  be  fi«pjirated  by  a  tap-futiiiel.  Dietbyloxaujido  treated 
with  pritash  yields  pure  ethylaroirie,  while  pure  diethylamine  is  oblained 
by  treating  etbyllc  dit<tbylcixamatc  with  the  same  reagent* 

Tetrethyl-ammonium  Hydrate.  C^H,, NO  =  }i(CjUX(On).  —  \\hcn  anhy- 
drous triethylamine  is  mixed  with  dry  ethyl  iodide,  a  powerful  reiicliuu 
ensues,  the  mixture  enters  into  ebullition,  and  solidifies  on  cooling  to  a 
white  cryatftlline  mints  of  tetrethyl-ammouium  iodide;  NjCjHj)^,  +  CjH^^I 
^=  N(r,H.)J.  This  iodide  ts  readily  soluble  in  hot  water»  from  which  it 
cryatalfiies  on  coolinf^  in  beautiful  cryaiaU  of  conaiderable  stie.  This  sub- 
stance ia  not  decomposed  by  pota'^h  :  it  may  be  boiled  with  the  alkali  for 
hours  without  yielding  a  trace  of  Tolatile  base.  The  iodine  may,  however^ 
be  readily  removed  by  treating  the  sobition  with  silver',"^ttlts.  If  in  this 
ca«e  silver  milphate  or  nitrate  be  used,  we  obtain,  together  with  uilver 
iodide,  the  sulphate  or  nitrate  of  tetrethyl-ammonium,  which  cryatullizca  on 
evaporation:  on  the  other  hand,  if  the  iodide  be  treated  with  frcj^hly  pre- 
eipitated  silver  oxide,  the  hydrate  of  ietrethyUaintnonium  itaelf  is  sepa* 
rated.  On  filtering  off  the  «ilver  precipitate,  a  clear  colorless  liquid  ia  ob- 
tained, which  contains  the  isolated  base  in  solution.  It  has  a  strongly  alka- 
line reaction,  and  intensely  bitter  taste.  The  sotulion  of  letrcthyl-ammo- 
ninm  hydrate  has  a  remarkable  analogy  to  potaiih  atid  soda.  Like  tfieso 
Bubstancc*^,  it  destroys  the  epidertnis  and  saponifies  fatly  subfitance**.  wiih 
formation  of  true  soaps.  With  metallic  salts  it  exhihila  exactly  the  eanie 
reftotions  fts  fmtasb.  On  evaporating  a  solution  of  the  base  tn  a  vacunm, 
long  slender  needlea  arc  depoiiited,  which  are  evidently  the  hydrate  wilh 
nn  additional  amount  of  ory8t«llixation  water.  After  some  time  these  nee- 
dles disappear  again,  and  a  aemt-aolid  mass  is  left,  which  is  the  hydrate 
of  letrethyl-ammonium.  A  conceulrated  solution  of  Ihis  subslancc  in 
water  may  be  boiled  wilhout  decomposition,  but  on  heating  the  ilry  sub- 
stance, it  is  decomposed  inlo  pure  triethylamine,  water^  and  okfianl  gas: 

N{C»H6),(0H}       ^      11,0      4-      N(C4H,)j      +       C,H,. 

Tetrethyl-ammoniuoi  hydrate  forms  neutral  aulls  with  acids.  ThcBc sails 
are  mostly  very  soluble;  .neveral  yield  beautiful  crystals.  The  platinum- 
Oalt,  2NM]2nj^).Cl .  PlCl^,  fornii!^  orange-yellow  octohedcoos,  whioh  arc  abotii 
M  soluble  as  the  correspondiog  potas^io-piatimc  salt* 


L 


BASIS  OJt  TITK  MKrilTL  SSHXES. 

Me  thy  lamina,  CH^N—NH^fCITj).  —  The  formation  and  the  method  of  pre- 
paring (his  compounil  from  methyl  cyanate,are  perfectly  analogous  to  those 
of  cthylaiinne  (p.  735);  however,  methyhimine  being  a  gas  at  the  common 
temperature,  it  is  neeeas&ry  to  cool  the  receiver  by  a  freezing  mixture. 
The  distillate,  which  ia  an  aqueous  solution  of  methylamino^  is  saturated 
with  hydrochloric  acid,  and  evaporated  to  dryness.  A  crystalline  residue 
is  thus  ohtaincnl,  consisting  of  methylammonium  chloride,  and  this,  when 
distilled  with  dry  lime,  yields  mclhyiamirie  gas,  which,  like  ammonia  ga», 
must  be  collected  over  mercury.  It  Is  distinguished  from  ammonia  by  a 
slightly  fishy  mior,  and  by  the  facility  with  which  it  burns,  M«>lhylamine 
is  liipiefied  at  about  — 18":  its  sp.  gr,  is  108,  This  suhatatvee  \%  vVvta  ^Kv^^%\. 
soluble  of  all  gases;  at  12° C.  (54^F.)»  OQe\o\\mke  ^t  nh^Vvst  sfc\a%»x\i^  \VA^ 
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Tolutnfifl  of  the  gas.  It  is  likewise  Tery  readily  iib«orbed  by  cli«Teo*L  Ia 
iti$  chemical  deporttiiODl  wilb  acida  and  olfacr  eubstiuices,  melJiy limine 
rcst^mbles  in  every  respect  aumioaia  and  otliyliuaiQe.  Metbylarome  ap- 
pvArs  to  be  produced  In  a  great  number  of  proccsseaof  de^irucliTe  distilla' 
Lion:  it  hag  beon  formed  by  distilling  several  of  the  natural  organic  bases, 
Buch  as  codoini:,  morphiDet  cafTeino,  and  aever^il  otbcr^  with  caustic  potaib; 
frequently  a  Diixtiire  of  several  bases  ia  produced  in  tbi8  manner. 

Among  the  numerous  derivatives  already  obtained  with  this  substaoe^f 
metfttfi-urea,  CH.fCHalNjO,  btmethyl-urfa,  CUj(CH3)jN,0.  and  mtthyl-dhfl' 
urtn^  CH,(Cn,)(C,H5iN,l>«  may  be  mentioned.  Tbe  iatiere(ub«^tancehasbMn 
produced  by  t4io  action  of  ctbyl  oyanate  upon  nietbylamine.  A  aeriea  of 
pluiinum-biiscsT  analogous  to  those  produced  by  the  action  of  ammonia 
upon  platinouis  chlorido  (p.  420),  have  likewise  been  obtained  with  methjU 
amino. 

Bimothylaminft,  C2H,N=NH(CHj)j.  —  Tbis  compound,  isomeric  with  ethjl- 
aminc,  isi  prepiire^l  by  the  action  of  amiuonia  on  methyl  iodide.  Its  sepa^ 
ration  from  tbe  meibylamine  and  Irimetbylamine  simnltaDeously  formed^  is 
aocoiupUsbed  by  meanB  of  oxjilic  elLt^r  (p.  73o). 

Trimsthylaminet  CjvHgN  =■  N(CHj)j.  —  This  substance  is  readily  obtained 
in  a  Btate  of  perfect  purity,  by  snbiiiitting  tetramethyl-ammonium  hydrate 
to  the  action  of  bent.  It  is  gaseous  a1  the  common  temperature,  but  lique- 
fies ^t  about  tMl*^  C.  (IM*"  F.),  lo  a  mobile  liquid  of  very  powerfully  alkalins 
reaction.  TriniethyUmine  produces  very  soluble  salts  with  acids.  The 
plttlinum-siilt,  liNH(i7Ilg),Cl .  IHCl^,  is  likewise  very  soluble,  and  crystalbies 
in  splendid  orange-red  ocloliedrons.  According  to  Mr.  Winkles,  Ur|i^quan« 
titles  of  t rim elby lain iue  are  found  in  the  liquor  ia  which  a*li  herrings  are 
preserved. 

Tetramethyl-ammoninm  Hydrate,  C.F!„NO  —  K(CHjJ^(OH),— The  corre- 
Rponding  iodiik  may  be  obltiined  by  atld  in  g  methyl  iodide  to  Crime  thy  Uroine. 
The  two  subslauees  unite  with  a  sort  of  explosion.  The  same  iodide  it 
prepared,  however,  with  less  difficulty,  simply  by  digesting  methyl  iodide 
with  ftn  iileobolic  solution  of  ammonia.  In  this  reaction  a  mixture  of  the 
iodides  of  uittmonium,  metliyi-animouium^  biniethyl-atnnioniam,  trimethyl* 
atumonium,  and  ictrametbyl-aujiiionium  is  produced.  The  first  and  last 
eum(>ounds  nre  formed  in  largest  riuanlity,  and  may  be  separated  by  crys* 
Ijillijuaiuij,  the  iuflideof  telritmcthyl-ammonium  being  hut  s]iariDgly  solu' ~ 
in  water.     Prom  the  iodide  tbe  base  itself  is  separated  by  means  of  sill 

oiide.     Its  properties  are  simtliir  lo  those  of  the  corresponding  cthyln      

pound.  It  fliffers,  however,  from  telrethyl-amaiouium  hydrate  in  it«  be- 
havior when  heated  (p.  7^7),  yielding  trimethyUimiao  aad  pure  meihyl 
alcohol,  I«(Ce|}^0H==N(CH3),-|-CH,(0H), 


BASES  OF  THE  ASITL  gKRTES. 

The  formation  of  the<^e  boilies  being  perfectly  analogous  to  that  of  the 
corresponding  terms  in  the  ethyl  serivs,  we  refer  to  the  fuller  sLatemeot 
given  on  page  735,  and  confine  oarselves  to  a  brief  descripLioA  of  their 
principal  properties. 

Anylamine,  n^H„N  =  Nn,(CjlT||),  is  a  colorless  liquid  of  p&cmlian  pene* 
trating,  aromatic  o<1or,  slightly  soluble  in  WMter,  to  which  it  imparl!  a 
strong  alkaline  reaction.  With  I  he  acids  it  forma  crystalline  salts,  which 
havi'  a  fuity  Uislre.     \TO^\«^tnu\^  W\\%  tji.V  ^i?  G,  il99<'  F. ). 
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BUmyUaia^,  C,^U^N  ss  NH(05H,|)^ — ^An  aromatio  liquid,  less  soluble 
in  water,  and  less  alkaline  than  amylamine.  It  boils  at  about  17(P  €. 
(838«  F.). 

Triamylamiae,  C,*Hg,N  =  N(C«H„),. — A  colorless  liquid,  of  properties 
similar  to  tliose  of  tne  two  preoediiig  bases,  but  boiling  at  257^  C.  (495^  F.). 
The  salts  of  triamylamine  are  yerj  sparingly  soluble  in  water,  and  fli8e» 
*  when  heated,  to  colorless  liquids,  floating  upon  water. 

Tetramyl-ammoninm  Hydrate,  GjqH^NO  =  N(CsH,i)40H.— This  sub- 
stance is  far  less  soluble  than  the  correspondiug  bases  of  the  methyl  and 
ethyl  series,  and  separates  as  an  oily  layer  on  adding  potash  to  the  aque- 
ous solution.  On  evaporating  the  solution  in  an  atmosphere  free  from  car- 
bonic acid,  the  alkali  may  be  obtained  in  splendid  crystals  of  considerable 
site.  When  submitted  to  distillation,  it  splits  into  water,  triamylamine,  and 
amylene : 

N(C,H„).OH        =        H,0        +        N(C,H„),        +        C.H.^ 

In  addition  to  the  bases  already  enumerated,  the  following  have  been  ob- 
tained by  analogous  processes,  viz.,  treatment  of  the  iodides  of  the  corre- 
sponding alcohol-radicals  with  ammonia:  propylamine,  C.H,N,  hexal- 
amine,  C^H^N,  heptylamine,  Cfll^fN,  octylamine,  CgHj^N,  and  nonylamine, 


BASES  OF  THE  AROMATIC  SERIES. 

In  speaking  of  the  aromatic  hydrocarbons,  we  have  explained  that  each 
of  the  hydrocarbons  homologous  with  benzene  may  be  regarded  as  a  com- 
pound of  phenyl  with  one  or  more  alcohol-radicals  of  the  methyl  series, 
and  may  give  rise  to  two  series  of  derivatives,  accordingly  as  the  hydro- 
gen in  the  phenyl  or  in  the  alcohol-radical  is  replaced:  thus  from  toluene 
or  methyl-phenyl,  CjHj .  CHj,  are  derived  chlorotoluene,  C-H^Cl .  CHj,  iso- 
meric with  benzyl  chloride,  C-H^.  CH.Cl,  —  and  cresol,  C0H4OH  .  CH,,  iso- 
meric with  benzyl  alcohol,  CQlf(.CH.OH.  Each  of  these  hydrocarbons 
can  in  like  manner  yield  two  isomeric  bases,  accordingly  as  an  atom  of  hy- 
drogen in  one  part  or  the  other  of  its  molecule  is  replaced  by  amidogen, 
NH,:  thus  from  toluene  are  derived  two  bases  containing  C^HgN,  viz. : 
CeH4(NH,) .  CH,  C^K^ .  CHgNH, 

Toluidine.  Benzylamine. 

The  second  of  these,  benzylamine,  is  analogous  in  its  mode  of  formation, 
and  all  its  principal  characters,  to  the  bases  of  the  methyl  series,  and  may 
'be  represented  by  the  formula  NH2(CfHf),  derived  from  ammonia  by  sub- 
stitution of  the  univalent  radical,  benzyl,  C^H^,  for  hydrogen.  But  tolu- 
idine is  formed  in  a  different  manner,  viz.,  by  the  action  of  reducing  agents 
on  nitrotoluene,  and  differs  in  its  chemical  relations  from  benzylamine, 
much  in  the  same  manner  as  cresol  from  benzyl  alcohol,  being  altogether  a 

Xylidine,  CjHjiN  =  C,H.{NH,]  .  (CH,).  ;  cumidine,  C^H^N  =  CeH^ 
(NH.) .  Cgllf,  and  cymidine,  0,oHj,N,  bases  homologous  with  toluidine,  are 
obtained  in  like  manner  from  the  nitro-derivatives  of  the  corresponding 
hydrocarbons.  The  corresponding  bases  homologous  with  benzylamine 
have  not  yet  been  obtained. 

Aniline,  CfH^N.  —  There  is  but  one  aromatic  monamine  containing  six 
atoms  of  carbon,  viz.,  aniline,  C^HfN ;  and  this  may  be  regarded  indiffer- 

ently,  either  as  amidobenzene,  C^H5(NH,),  or  s^a  phenylamxnt, '^X  y^>^^^^'^ 


tiO  ANILINE, 

IB  to  flAj,  as  ft  lower  homologae  either  of  lotutilfne  or  bcntTlamine.  Tlie 
two  ff)riuulie  Just  gireo  are  id  fact  identicnl:  and  luoreaTcr  anitine,  boiJi 
in  its  mo*h*H  of  fovumtum  nnd  \n  its  properlipp,  exliibtti$  rcscniblaneei,  (m 
the  one  hniid  10  toluidiiie  and  Its  homologue.^,  nnd  on  the  other  to  benijl* 
amine  aud  the  monnuiinea  of  the  meihylb  series, 

Anlliue  is  produced:   1-  Dy  hemimg  phenol  with  ammoaia in  i 
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c^HbCoh)      -f      Nil,      =      n,o      +      kh,(c,H4), 

2.  Bv  the  action  of  hjdrogen  sulphide  and  other  reducing  ageola  on  aicro- 

C.Hj(NO,)     +    8H,S    =     2H.0    +     8,    +     C.H.fNHJ. 

The  first  of  these  reactions  exhihits  the  rclatirm  of  aniline  to  beniyhuniDe: 
thi;  iieeotid,  its  relation  to  toluLdine*  —  3.  By  the  action  of  caujlie  potaifc 
upun  indigo:  ' 

CJf^NO   +    4KH0   +   HjO   ^   CJf,N  —   2C0,K,  -f   2H^ 

Indigo.  Aniline* 

The  name  aniline  indicates  I  he  relation  of  this  compound  to  the  Entfigv 
group,  the  botanicul  name  of  the  Indigo-plant  being  Inditfofrrn  aniL  « 

JYfpiirfftKtn  — 1.  From  indigo.  ^ — Powdered  indigo  boiled  with  a  highlj 
concentrated  solution  of  potassium  hydrate  dissoWes,  with  evolution  of  by-       I 
drogcn,  lo  a  brownish-red  liquid  tuniaintng  nnthranilic  acid,      Iflhi?  mat-       I 
ter  be  transferred  to  a  retort  and  still  furtlier  heated,  it  swells  up  and  girti       , 
off  aniline,  which  eondcnaes  in  the  furm  of  oily  drops  in  the  neck  of  the 
retort  an  1  in  the  receiver,    Scprirated  from  the  amniojiiacal  water  bj  wtuth 
it  is  accompanied,  and  rcdiyiilled,  it  is  ol»Eamcd  nearly  colorless, 

2.  In  order  to  prepare  aniline  from  nitrobenzene  (see  p,  41»5),  thi^sttV 
fitnncc  is  aiihmittcd  to  a  process  discovered  by  Zinin,  which  has  proTcd  a 
Tcry  ttbiindant  penirce  of  artiticial  organic  bashes.  An  alcoholic  t»otuttoii  of 
nitrobenzene  ib  treated  with  atumonia  and  sulphuretted  hydrogen,  uniO  aittr 
some  hours  a  precipitation  of  sulphur  takes  place.  The  brown  liquid  ii 
now  again  Fatnralcd  with  sulphuretted  hydrogen,  and  the  process  repeated 
until  aulphnr  is  no  longer  Hcparated.  The  reaction  inay  be  remarkahly 
accelerated  by  oceasioually  heating  or  diistilling  the  mixture.  The  lir^uid 
y  (hen  mixed  with  excess  of  arid,  filtered,  boiled  to  expel  alcohol  and  un- 
altered nitrobenzene,  and  then  distilled  witb  cxcesB  of  caustic  pota^. 

If  the  aniline  be  required  quite  iitiro,  it  onmt  be  converted  into  oxalale. 
the  i^alt  several  times  crystallized  from  alcohol,  and  again  decomposed  by 
potash* 

iJ^chainp  has  shown  that  the  reduction  of  nilrobeniene  may  be  effected 
even  more  conveniently  by  the  action  of  ferrous  acetate      The  dLsiillatioo  of 
one  part  of  nitrobeuicne,  one  part  of  acetic  acid,  and  one  and  a  Iju^'  i  •'' 
of  iron  filings,  steemst  m  faci»  to  be  the  best  process  for  preparing  h' 
The  mass  swells  violently,  and  wry  capacious  relortw  are  requn*  'l 

Aniline  exists  among  ihe  proiiuctts  of  the  distillation  of  coal,  n  f 

of  other  organic  matters:   it  is  foimed  in  the  diaiillation  of  anthi  i, 

and  occasionally  in  other  reactions. 

Aniline^  when  pure,  fonna  a  thin,  oUj,  co1or1e«0  liqmid,  of  fainl  vIbmii 
odor,  and  aromatic,  burning  taste.     It  is  very  volatile,  hut  hu  f 

le«fl.a  high  boiling  puinl  i  18"2*'C.  [2GfP  F.]),     In  the  air  it  gradu  'i 

yellow  or  brown,  and  ac<|uiree  a  resinouM  conslsience.     Its  rhn^  > 

Water  diMKolves  aniline  to  a  certain  extent,  and  also  form?*  \'^     I.  ir    i  1.  j  ; 
hydrate:  alcohol  and  ether  are  misciblc  with  it  in  all  pr^.i -i  nun^       l 

•  JlreohltttiC  l<>  ^lit^iwt  ¥iMi\u<t .  W  lT*«^\ti\pt\\  %A  i\\\t^%>wH(«mvft  with  a  vary  lui^  j 
of  Iron  filing*  anvt  acotVe  wcUl  t<piuAttc«Vi*uiJdn*«»A«ttaw«»safc. 
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destitute  of  ftlkftline  reaction  to  toat-pAper,  but  k  quite  remarkable  for  the 
nuraber  and  beauty  of  tUe  cryslallizable  ooinpounds  wliioh  il  forinis  witb 
aoidit.  Two  exEraordiDarj  reautiniiB  cbaracteriie  tbiH  body  and  dialLnguisb 
it  from  all  others  —  vii.,  tbat  with  chromic  acid,  and  (but  with  solmion  of 
calcium  hypochlorite.  The  former  gives  with  aniline  a  deep-grtieiiiBli  or 
blubb-black  precipitate,  anil  the  latter  an  extremely  beautiful  viidet-colored 
compound^  the  fine  tint  of  which  is,  bo^iever,  very  »oon  destroyed.  When 
nitrous  acid  h  passed  itito  anilinCp  or  when  aniline  hydrochloride  is  treated 
with  eilfer  nitrate,  water  and  phenol  are  produced,  and  uitrogeu  is  evolved: 

On  the  other  hand,  when  uitrous  acid  is  passed  through  an  uloobolic  solu- 
tion of  (iniliue,  2  molecules  of  aniliuo  are  linked  together,  3  atoms  of  the 
hydrogen  being  replaced  by  1  atom  of  nitrogen.  Azodiphcnyldiamiue,  the 
substance  thus  produced,  contains  CjjHuNg.  The  following  equalion  re- 
presents its  formation : 

By  treatment  of  niodiphenyldidmine  with  nitrous  acid,  the  game  change  is 
repeated  onee  more,  three  additional  atoms  of  hydrogen  being  again  re- 
placed by  one  of  nitrogen,  whereby  a  new  substance,  Cj^llgN^,  is  furmed 
according  to  the  equation : 

C|jHt,Na        -f        NO,n        =        C.jHgN^        +        2njO. 

Thli  body  is  remttrkable  for  the  violence  wiih  wbicb,  like  fulminiite  of 
silver*  it  explodes.  Gricsst  who  discovered  these  subftnneew,  has  succeeded 
in  obtaining  similar  compounds  from  several  others  of  the  basic  derivatives 
of  aniline. 

Paraniltne,  ^-- In  the  manufncturo  of  aniline  uimn  a  large  scale,  aeveral 
bases,  having  much  higher  boiling  points  than  aniline,  are  formed;  among 
them  there  is  a  beautifully  cryalalline  compound  called  paraiiilino,  polj- 
merh  with  aniline  and  represented  by  tbe  formula  •^'ijtljiNj  =  2<\lfjN. 
It  forma  two  series  of  iialts.  of  which  the  hydrochlorides,  CijH||Nj.HCl  lUtd 
CigHjiNj .  2UCI,  may  be  quoted  as  examples. 


SubtliiutioH- products  of  AniUne. 

Under  tbe  head  of  indigo,  a  product  of  oxidation  of  thi«  subpUnce  will 
be  noticed,  to  which  the  name  ijtaiin  has  been  given.  When  i«iitin  is  dis- 
tilled with  au  exceedingly  concentrated  solution  of  caustic  potash^  it  is,  like 
indi'p^o,  resolved  into  aniline,  carbon  dioxide,  and  free  hydrogen.  In  like 
manner,  chtorkfttm  and  dtrkforisatiri,  similarly  trraled,  yield  products  anal- 
ogous to  aniline,  but  containing  one  or  two  atom*  of  chlorine  respectively 
in  the  place  of  hydrogen.  The  chhramlinr^  C^llgt^'lN,  and  (iiehl*iniuilin€^ 
f^iUfti'liN,  thus  produceil,  cannot,  however^  be  ohiaincd  by  the  direct  ad ioQ 
of  chlorine  upon  aniline,  thus  differing  from  ordinary  subst it ution- com- 
pounds;  but  aniline  maybe  reproduced  from  them  by  the  same  reagent 
that  is  capable  of  reconverting  chloracctte  acid  into  ordiufiry  acetic  acid  — 
namely,  an  amalgam  of  potassium  or  sodium  (see  p.  *>13]|.  They  are  iho 
first  eases  on  reeord  of  organic  bases  containing  clilortne. 

Chloraniline  forms  large,  colorless  oetohedrons,  having  exactly  the  odor 
and  taaie  of  nniline,  very  volatile,  ninl  easily  fusible  t  it  di^titfj  without  de- 
composition fit  a  high  temperature,  anrl  bnrus,  whvu  strongly  heated,  with 
a  red  smoky  flame  with  greenish  border.  It  is  heavier  Ihan  waler^  ia- 
dilfcrent  to  vegetable  colors,  and,  except  Inbemg  fe«\\t\  tclV  c«y\trttt«i>T\.\^\ft.i^*tT^- 
tures,  rescmhhs  aniiine  ia  tho  closest  mauiiiit.     Vv  l^insvia  'i»i»Mix«i.ia!k  ^^^ 
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ben-  *-'  ''  — T5tallitsble  wilts.  If  aniline  be  treated  with  chlorine  gas,  thi 
»i  further,   triekhrawline^  C^llgCljN,    being  produced,  «   ToUtilc 

cr  >ody  which   has  no  longer  nny  basic  propiTtiee.      The  cwrrt- 

f]  mine  compounds  hare  also  been  formed  and  dcacrilfed, 

,  C^H.(NO,)N,  —  This  compound  i^  formed  by  the  mction  of 
amiuouiuui  sulphide  on  dinitrobeniene,  CgH4{N0,),  (p.  495).  The  aitcmpt« 
to  prepare  it  directly  from  aniline  bj  iiieaoH  of  nitric  acid  were  tin^ncpe*^- 
ftil,   the  principal  product   being  usually    picric  acid.     U  fon  ^, 

mcicular  crystals,  but  little  soluble  tn  cold  water,  although  ca^i:  1 

by  alcohol  and  ether.     When  warmed  it  exhales  an  aromsti  I 

melts.     At  a  higher  temperature  it  distils  unchanged.     By  vcr)  A 

H  maybe  sublimed   without  fusion.     It  ig  hoayier  than  wut\:.  ^  it 

affci't  test-paper,  and  like  chlor-  and  brom-anilino  faila  to  give  wiUi  cal- 
cium hypochtorite  the  characteristic  reaction  of  the  normal  compound. 
Nitraoiline  forms  cryst&lliiable  salts,  of  which  tlie  hydrochloride  ia  the 
bf!st  known, 

Ih^henyirnnint^  Nn(CgHj)y  la  produced  by  the  disltllation  of  Iriphenyl- 
roeaniline  (aniline  blue  |.  It  isa  cryBialline  body,  melting  at  45*  C,  ( I  IS**  F*) 
10  a  yellow  oil,  which  boils  constantly  nl  310*^0.  (ijOCF  F  ).  ^  ..K.^.^ce 
posseasing  the  composition  of  iriphenylamine^  ("n'^u^'  but  probn  u- 

neeted  with  the  phenyl  series^  is  termed  by  ftubmiiting  the  cou  i  ;     '- 

duced  by  the  action  of  cinnamio  aldehyde  upon  ommonium  aulphiie  to  de- 
structive distillation,  together  with  an  esc4*8B  of  lime. 

C}ti}nmulim  \b  formed  by  the  action  of  cyanogen  upon  aniline  :  it  is  a 
cry!«iaUine  substance  capable  of  combiuing  witli  acids  like  AnilinCf  but  very 
prone  to  decomposition.  It  contains  0,^(1,4^2  =-  (C,H^N),  .Cy^  and  it 
therefore  a  compound  of  cyanogen  with  aniline,  not  a  substiintion-deri- 
Tative. 

PrriratinfJi  «/  AniJint  c<mUiif\mg  AleahoUradkaU — By  treating  aniline  iHth 
ioiiitle  or  bromide  of  meihyl,  ethyl,  &c,,  in  different  proportions,  bases  are 
obtained  in  which  tht?  hydrogen  of  I  he  aniline  is  more  or  It'so  replaced  by 
Uiose  radicals.  Etht^lmultne,  tVl,^C,llj)N,  or  NIM<^\Ha)(C*H^),  and  AiWAy/- 
iim7mr,  N(C,Ha\,(rfH*)*  ^^^  liquids  greatly  resembling  aniutic;  the  former 
boils  nl  20*4*C.  (a9i*«»F.);  (he  latternt  21:^  ^^^  C.  (4Hi'»  F,).  EthyUnilino 
trcftted  with  amyl  iodide  yields  the  A  '  f-iuutjl-anfl         '         Hj) 

(t^^H,^m",Hj).  HI,  or  iodide  of  ethyl-*  >*um,  Ml^i  ,,) 

(r(H|>T.  from  which  the  ethyl-omyl-unnnj.  mn^  ^^^:  j^eparate*!  «■>  .i.-mt*- 
Uon  with  potash.  It  is  an  aromatic  oil  boiling  at  2t»2®  C.  (504**  F.),  When 
treated  with  methyl  iodide,  it  i«  conTerted  into  todide  vf  mrthtfl-rtftyl-innjft* 
phrmjlftmmoniutH,  ^{£W^^\('J^\^^{^^'i^n)i^\^^t^^.  fr<jm  which  the  correspond- 
ing hy.lrate,  N{CU3)(CjlLH*'sH|i)(C*ll4)  Oil,  may  be  obtainiHl  by  treat- 
ment with  silver  oxtde  and  water.  This  hydrate  is  very  soluble  in  vrni«r« 
powerfully  alkaline,  and  has  an  extremely  bitter  taste. 

Many  other  substitution *dcri vat ivcs  of  aniline  maybe  obtained  in  a  simi- 
lar manner. 

Tolnidine,  C,R,N,  or  Amldotoluene,  C,n-(NH,)  =^  arT,(NH,)    Cn,,-.Thij 

base  is  liumolagous  with  unitine,  and  is  oblamed^  similarly  to  the  laiter.  by 
the  action  of  hydrogen  sulphide  or  ferrous  occtateon  nitroiohiene,  CylKlNOA 
It  forms  colorless  plaly  crystals,  \^Ty  sparingly  soluble  in  water,  easily 
in  filcohnl,  elher,  nnd  oils:  it  is  heavier  than  water,  haj§  an  aromatic  taste 
and  odor,  and  a  very  feeble  alkaline  reaction.  At  40°  C  (ltJ4^  F.)  it  melfSi 
and  fit  i'0.>«'-2tW>^  c'<4tKi*'  Fj,  boils  and  diMils  unehanped-  It  forms  well- 
cry  shdlined  salts,  but  i^nevertheleasa  weak  bane.  and.  acconling  to  Vranklyn, 
is  alKHolutely  incapable  of  neutralizing  dilule  Rjlphuriu  acid.  It  form.*  «ub- 
fffihflfon-derivatWes  «\nVAtwY  Vo  i\vft*<i  vjt  iKwWwv^tv  vV^twft  containing  Diethyl 
and  its  homologucs  are  mox*  \jtw%\<i  v^iwv v^Xux'ilvR.t \\*»ai. 
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Beniylnmine,  CjHj,.  CH5,(NHJ  or  NH^(C,H,). — Thb  compound,  isomeric 
witU  !olui<Jiue,  is  ubtaineit*  togt'tber  witii  iliberujlamine,  >ill(r,ll^)j,  uud 
tribenit^UmiQe,  N(C,H,)j,  by  ihL>  aclitm  tif  alcoholic  atmuonia  on  benzyl 
chloride,  i^flHj-  CJf/'l  [p.  49Lt),  the  ruade  of  fortimlion  nf  those  bases  being 
exactly  aniklogous  to   thai  of  nietbylnmine  i»nd  its  liomologuea,  ikml  alto* 

It  her  <iiif«riini  from  Ihivt  of  toluidine. 

Benzybimiiie  is  a  colorless  liquid,  boiling  at  182**-! 83**  C  (360**  F.)  (23** 
C.  (73*=*  F.)  li)wer  than  tnluidine).  It  mixes  in  all  proportions  with  wutur^ 
and  lia  separatLui  therefrom  by  potash.  It  is  a  ntuch  alronger  base  than 
ioluicjiue;  abnorba  carbon  dioxide  rapidly,  forming  jl  crystalline  carbonate; 
unities  roadily  with  other  ucidiit,  producing  riao  of  temperature;  and  fumea 
with  hydrochloric  acid.  The  hydrochloride  cryatalliaes  in  titriatcil  tables; 
the  platinoehloride,  2Nn3(C7n,)Cl  -  Piri^,  in  orange-colored  iiimiuw. 

Xf/ltfiine,  Cglf„N  =  (\IIa(Nlla)  (Cllj)j,  Cumidinf,  tyiaN,  or  probably 
Cgft^fNH,)  .  t'jlf;,  and  Vt/mitJuuf,  <^iflH,jN.  or  C,jjH,3(NH,),  homologous  with 
toluidine,  are  ubtalned  in  like  manner  by  red  net  ion  of  the  corresponding 
nitro-derivatives,  Xylidine  boib  at  214^^210°  C.  (AXl^-i^iPF.)*,  cnmidine 
at  225°  C.  (137^  F  )  ;  cymidiuo  at  250**  C.  (482°  F.).  Xybdime  and  cutuidino 
form  well -cry  st  alii  led  salts. 

The  isomers  of  thcae  three  bases,  homologous  with  benzylamin^i  have 
not  yet  been  obtained, 

KHaphthalldlne,  CmHpNt=rn,H,fNH,),  is  interesting,  as  being  one  of  the 
rst  componndii  of  its  kind  produced  by  Zinin's  process.  It  is  obtained  by 
the  action  of  ammonium  sulphide  upon  an  alooholic  solution  of  nitro-napk* 
iktilm^,  one  of  thei  nnnieroua  prodiieis  of  the  action  of  nilrio  acid  npon 
\ftkthalene^  t'm^^r  When  pure  it  fur  ma  colorless  silky  needles,  fusible,  and 
ilalile  wiihoui  decomposition.  It  has  a  powerful^  not  disagreeable  odor, 
and  burning  ta«te,  is  nearly  insoluble  in  water,  hnt  dissolves  readily  iti 
alcohol  and  ether;  the  solution  has  au  alkaUno  reaotloiu  Naphthalidino 
forms  uumerouB  cryataUIne  salts. 
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Theae  are  bases  derived  from  two  or  three  niokcnles  of  Ammonia,  N,H^j 
and  N,H^,  by  substitution  of  bivalent  and  trivaleiit  a kobol- radicals  for  a 
part  or  the  wbole  of  the  hydrogen.  A  portion  of  the  hydrogen  nmy  at  the 
aanie  time  he  replaced  by  univaleut  aldohol-radieals.  Diamines  are  formed 
by  the  action  of  the  cblondes,  bromides,  and  iodides  of  tbe  diatomic  alco- 
hol-radicals on  ammonia.  The  examiaatioQ  of  these  compounds  is  far  from 
being  complete. 

£THE!(E'DiA»(ye  AND  DiiETHENE-Di,%MiNR. —  The  action  of  ammoTiia  upon 
ibene  dibromide  is  very  complex;  but  among  the  p>roduets  of  the  reaction 
Ihcre  are  invariably  present  the  hydrobromidea  of  two  bases  which  are 
derived  from  two  molecules  of  ammonm,  vtss,,  ethene-diamine,  CjlfgN- ^= 
N,.(Cyi^)''n  nn  oily  liquid  boiling  at  117^  C.  (242°  F.),  and  diethene-»Jta- 
mlnc,  t'|lI,pN,  =■  N^'C^HJ'^jlIj,  a  crystalline  solid,  boiling  at  a  high  lem- 
peratiire.  The  fornialion  of  these  bodies,  which  saturate  two  ef|uivaleutfl 
of  acid,  may  bo  represented  by  the  following  efjiiatioiis : 

2NH,  4-     (C,H,)''Br,  =  [N,(C,ffJ''HJ"Br^  and 


tZWH^  -h     (UjH4)''«rj  =  LNjlUjtij'^H^j-^tJr^  and  H 

INH,  +  2(f\H,)'^Br,  =  [N,(C,HJ'',HJ^nir,   -f   2NH,Br.  H 

Distillation  vvith  potash  separates  the  btvses  CtQtU  \k«^^  ««^'«»^ ^<;iN.^'e»oa^^  i 

OQiide  bein^  /urmed  at  the  ftaiue  lime*  J 
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By  the  action  of  ethyl  iodide  upon  cthene-diamine  ft^tid  dl6tfiene-di&]|ilii6» 
two  eeriea  of  eihylaled  derivul  ivf*  have  been  obtained.  Wc  csn  here  gi*i 
only  the  names  and  formulw  of  the  iodides: 

Ban^i  dtrived  from  Sthme-diaminf. 
Iodide  of  Ethenp-diammonium     .     .     ,      p%lT^(C,H^)^^^1_ 
Iodide  of  Diethyl-ethene-dinmmoiiium.       [K,M^(('.!tJ'*(rjT,  u]'^ 
Iodide  of  Tetretbyl-ethcnc-diammonium    IN.H, 


Iodide  of  Penteihyt-etlieue-diauiiiionium     Njflj 


lodido  of  Honethyl-ethenc-diammoniiim 


N.(C,UJ"(C.U,JJ"1, 


I 


Bases  derived  from  Diethent-diaminiL 
Iodide  of  Diet  bene -di  ammonium  .     .     .     rX,H^(C,II^)",T1- 
lodide  of  Dielhyl-dierhcue-djammonium     tN,H,(C,ll^)'''  ''       '  T^rJ 
Iodide  of  Triethyl-diethene-diainruoDium    [N^UM^J^^)  'Ij- 

lodido  of  TetrtHhyl-dietliettV'diummoniiLm  [N,(CN,H^) '  j,    j^ -^, ^j  "Ij. 

DlETHfiNE-TRlAMlNK     AJfD     TRIETUEKB-TttlAHIKE. — MotHJ     T^CPOtJy    tWO 

Other  bases  LtiTe  been  separated  from  tlic  product  of  the  aclioti  of  elli«Dli 
dibromide  upon  utiimouiu,  viz.,  dielhene  Iriiiniine,  (CJI^IyU^Ni,  aDd  Iri' 
ethcne-lriamine,  ((.'yl1^)^lf,Ny.  The  formation  of  Ihesc  bodii"?,  whi<?b  mIii- 
rate  3  eqitivalenia  of  acid,  may  be  reprcitcnted  by  the  followijig  cf|iiAtioni: 

4NH,  +  2iC,}l,Y'm,  =  ^^yC,H,)",HJ'''B^,  -|^     KH^Br 

l>TPiTBKTt-«TiiifWR-ntAXiNE,    N,HjfCjHj) "  (QHu),,    and     Dipii»(ti.-dt* 

ETHEXE-niAMiNE,  N^(* ',1!^ |'"n( CgUs)^-  —  Aniline,  when  submitted  to  tli«  ae> 
lion  of  ethene  bromide,  C^II^Br^  solidifiea  to  a  crystalline  ma^s«  from  which 
potaah  separates  two  crystalUne  bases,  which  arc  soluble  in  alcohol  and  in 
ether,  but  insoluble  in  water.  If  a  large  qttaniity  of  etliene  bromide  be 
made  to  net  upon  a  comparatiTely  small  qnantity  of  aniline^  the  new  talt 
eotilains  the  hydrobromide  of  diphenyl-ethene-diamine,  or  eihene-dianallnei 
Ci^H^N,.  2nBr  ^  2i\HJS  -f  C^H^Br,.  On  the  other  hand,  if  the  aniUiie 
be  empluyed  in  exccstj,  liydrohrotuiile  of  diethene-dianiiine,  or  diphenyi* 
dietheiie-dirtmine,  Cj*H,^N, .  'illRr,  is  formed,  together  with  hydrobromide 
of  aniline  :  40<(II,N  -f  2L\H^Br,  ^  C,»n^N, .  2HBr  -^  2(C.U,N  .  HDr). 

METHF.KTL-DiPHE7fYL-ui AMINE,  CaH|,N,  =  N,TI(CH)''"(r4ll5),,  also  oallcd 
Formi/l-aniiine. -^  A  miitiirv^  of  aniline  and  chloroform  e^T''-^"'  "  ^-iM 
inbea  lo  a  temperature  of  ISC^**  aoUditic<i  to  a  crystalline  ig 

of  aniline  hydrochloride  and  the  hydrocblonde  of  metheuj  ;  ,  'i- 
mine: 

iC^HjN  4-  CnCl,  =  2(r,H,N.HCl)  +  CyH„N,.HCI.  ^^ 

By  washing  with  cold  water,  the  nniline  hydrochloride  is  removed.,  and  tfl^^| 
residue,  treated  with  poiafh,  yields  the  diatomic  ba«e  in  a  slate  of  puri!^^^ 
It  ia  cry§iallinef  in&oluhie  in  water,  soluhle  in  alcohol  and  ia  ether* 

PiiENTi.E>E-mAMiNE.  C^HftN,  =  N,H^(r^jH4}'^  —  This  In.  mod  by 

treaiiofj^  ilinitrubeiixenc  with  acetic  acid  and  iron  tilings,  t  ,  4-  tilt| 

3^  4H/J  -f  TgllgN,*  like  aniline  from  mononitrobenicne.      >■  i  *  "1. 

pbenylone-dinnnne  presents  itself  as  a  ulighily-colori-d,  beav;  :i, 

Itke  phenylwmine.  has  a  tendency  to  assume  a  brown  color  on  ,.,.„,  la 
the  air  The  base  fzTHdually  polidities  into  a  ma:*8  of  crysiJil«»  which  he- 
comt*  hard  and  whiti^  by  washing  with  ether.  The  melting  point  of  phcny- 
Jenp-draniitie  ia  ^\*P  C  O^'j'"  ^  V  ^^^i^  \^q\\\^v^  ^lut  near  2K»°  C.  t^^*i^  F. )  { 
n  distiia  witUoiii  alumioik.    't^ix*  »u\i*\JMititt  y^  x^t^  %skxk\Ss!t  Sx^^ia^r  and 
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aloohol,  less  soluble  in  ether.    It  oombiaes  with  2  molecules  of  acid,  form- 
ing well  crystallixed,  rather  soluble  salts. 

The  distillation  of  dinitrotoluene  and  dinitrocumene  with  acetic  acid  and 
iron  filings  produces  the  corresponding  bases,  toluylene-diamine,  CyHi^N, 
and  oumylene-diamine,  CgH^N^  which  in  their  properties  and  chemical 
deportment  bear  a  great  resemblance  to  phenylene-diamine. 

'  (C-Hj), 

Cabbodiphbktl-tkiamihi,  o&  MsLAHiLuri,  C„HuN,=N,^  C^       .—The 


action  of  dr j  cyanogen  chloride  upon  anhydrous  aniline  giyes  rise  to  the 
formation  Of  a  resinous  substance,  which  is  the  hydrochloride  of  melani- 
line.  DissoWed  in  water  and  mixed  with  potash,  the  above  salt  yields  me- 
laniline  in  the  form  of  an  oil,  which  rapidly  solidifies  to  a  beautiful  crys- 
talline mass.  The  following  equation  represents  its  formation :  2CqH.N  -{- 
CNCl  =  C„Hi4N,CL 

Melanillne  treated  with  chlorine,  bromine,  iodine,  or  nitric  acid,  yields 
basic  substitution-products,  in  which  invariably  two  atoms  of  hydrogen  are 
replaced.  It  combines  with  two  equivalents  of  cyanogen,  and  forms  salts 
with  acids,  most  of  which  are  crystallizable. 

Cabbotbiphintl-triaminb,  or  Phentl-mblaniline,  O^HjyN.  =r  NjH^C*^ 
(C«Hf ]3.  —  Aniline,  when  exposed  to  the  action  of  carbon  tetrachloride  at  a 
temperature  of  160^  C.  (SO'i*'  F.),  solidifies  into  a  resinous  mass,  consisting 
of  a  mixture  of  the  hydrochlorides  of  rosaniline  (p.  746),  and  of  several 
other  bases,  from  which,  by  appropriate  treatment,  a  beautiful  basic  com- 
pound may  be  extracted,  constituted  as  above.  The  formation  of  this  body, 
which  in  its  properties  closely  resembles  melaniline,  may  be  represented 
by  the  equation : 

eCH^N    +    CCl^    =    8(C,H,N.HC1)    +    Ci,H„N,.HCl. 


inasmuch  as  they  contain  only  monatomic  radicals,  and  may  therefore  be 
resolved  into  formulsd  of  monamines. 


AnUine  Colors. 

Aniline  has  during  the  last  few  years  found  an  extensive  application  in 
the  arts,  a  long  series  of  coloring  matters  unequalled  in  brilliancy  and 
beauty  having,  by  the  action  of  different  oxidizing  agents,  been  produced 
from  it.  It  was  Mr.  W.  H.  Perkin  who  had  first  the  happy  idea  of  apply- 
ing practically  the  well-known  property  possessed  by  aniline,  of  forming 
Tiolet  and  blue  solutions  when  treated  with  a  solution  of  chloride  of  lime 
or  chromic  acid.  He  succeeded  in  fixing  these  colors,  and  bringing  them 
into  a  form  adapted  for  the  dyer.  We  will  here  notice  some  of  the  most 
important  of  these  coloring  matters. 

Anilinb-pubplx,  Mautb.— According  to  Mr.  Perkin,  mauve  is  prepared 
by  mixing  solutions  of  aniline  sulphate  and  potassium  bichromate  in  cqui- 
Talent  proportions,  and  allowing  the  mixture  to  stand  for  several  hours; 
the  black  precipitate  formed  is  filtered  off'  and  purified  from  admixed  po- 
tassium sulphate  by  washing  with  water ;  it  is  then  dried  and  freed  from 
resinous  matter  by  repeated  digestion  with  coal-tar  naphtha,  and  finally 
dissolved  in  boiling  alcohol.  For  its  further  \>MT\^tA.V\^w,  N\\^  vi\<s.«^O^R. 
solution  is  erBporated  to  dryness,  the  substance  \a  Oa^^qVh^^  vo^  ^  \^x^ 
08 
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^^naotiij  of  boiling  waUr,  reprecipitated  n-ith  CAtistic  8od&,  wmsbed  vith 

^ir&t«r,  &nd  dissiolved  in  ftkohol;  and  the  filtered  solution  U  evrnp^raUd  Ui 

I  drytieei'     MnuTe  thua  prepared  forms  a  brittle  siiWlimce,  bavitig  a  beau- 

Hliful  broazc'colored  surface:  it  ia  difficuUljr  soluble  in  cold  water,  skbonfb 

it  ItDpurts  a  det-p  purple  color  to  tbat  liquid:  it  U  more  soluble  ia  hot 

water,  very  soluble  in  atcobol,  nearly  insoluble  in  etber  and  bjrdroetr- 

l^ons:  it  dissolTea  in  concentrated  acetic  acid,   from  wbich  It  crjitAllites. 

Idaure  is  the  sulphate  of  a  base  called  mauipnn*,  baving  the  eomponiioa 

^CrrH^N^t  and  capable  of  forming  numerous  crystalline  aalta  witb  acida. 

ANiLtJti-RKD,  KosA!fti.t!f«,  C*^H„N,.  ^ — TMs  substance  occurt  more  or  le« 
pure  in  commerce  utkder  the  names  rosrine^  /ucJmne^  magmta^  azalein*^  kt, 
A  red  color  had  been  obaerred  at  different  times  in  expcrimetitto^  with 
auiline,  more  especially  when  that  substAnce  wa«  dige^^ted  with  Dut«lt 
lic^uid.  The  red  coloring  matter,  tbongh  still  impure,  wan  ftr^t  obuineil  in 
a  separate  state  from  the  product  formed  by  digesting  m     '  .Avm 

tetrachloride  at  15iP,  in  which  reaction  it  is  formed,  t-  i' 

triphenyltriamine.  It  was  M.  Verguin  who  first  prepar*  .  . 
scale  by  the  action  of  itatinic  chloride  upon  aniline.  Since  t) 
been  produced  by  the  action  of  mercuric  salts,  arsenic  aci  ;, 
other  oxidizing  agents,  upon  aniline.  The  mopt  adTantageoua  mode  of  pft- 
paration  is  the  following:  A  mixture  of  12  part^  of  the  dry  arsenic  add 
which  occurs  in  commerce,  and  10  parts  of  aniline,  ia  heated  to  120*  er 
14CP  C.  (250''~281)°  F.),  for  about  six  hours:  a  little  water  may  be  addod 
with  advantage.  The  product,  which  is  a  hard  mass  possessing  the  hwtrv 
of  bronze,  is  dissolyed  in  hot  water  and  preiaipitated  by  a  slight  exco9of 
soda:  tlie  precipitate  when  washed  with  water,  and  dissolTod  in  aeeiie 
acid,  forms  the  roseine  of  commerce.  In  order  to  purify  this  still  eroAt 
substance,  it  ts  boiled  with  an  excess  of  soda,  to  separate  any  aniline  that 
it  mayoontdin;  and  the  washed  precipitate  is  dissolTcd  in  Tery  dilute 
mineral  acid,  Altered  from  undissolved  tarry  matter,  ntid  re-precipitated  with 
alkali.  The  compounds  of  rosaniline  with  one  molecule  of  acid  are  ht%n* 
til'ully  crystaUixud  substances,  wbtch  in  the  dry  state  possess  a  green  color 
with  golden  lustre;  with  water  they  turnish  a  very  intensely  colored  nd 
oolution.  The  free  biise,  first  obtaiued  by  Mr.  Nicholson,  presents  i»*elf 
in  colorless  cryHtulline  plalesi  ini^olublo  in  water,  soluble  in  alcohol  il4 
ether,  with  a  red  color,  wkieb  it  also  acquires  on  exposxire  to  the  air.  Kos- 
aniline  in  the  anliydroua  state  is  represented  by  the  formula  CpfiJ^^ 
and  in  the  hydraied  state,  such  oa  it  assumes  when  isolated  from  it^  ttm- 
pounds,  by  the  formula  Cj-Ilj^Nj.  11,0,  It  is  a  triamine  eap»h1#»  of  e<di* 
biriing  with  one,  two,  or  three  equivalents  of  acid.     The  an  "  *-  uf 

commerce  are  valine  compounds,  more  or  less  pure,  of  ro«aii  of 

equtvalent  of  acid.     The  acetate,  which  is  chiefly  found  iu  i,-.i..i.w^  it 
England,  has  been  prepared  by  Mr.  Nicholson  in  splendid  crystJils  of  ff«y 
conijidemble   dimensions,   baving    the  composition   C^jjlIj^N^ .  C,Hj<),     In 
France,  the  chloride  is  chiefly  employed;  its  formula  is  C^H,^N, .  II 
action  of  ammoniijm  sulphide  upon  rosaniline  gives  rise  to  i*u<*i> 
H||N»  a  base  coutuiiiing  two  additional  atoms  of  hydrogen      Thi.-  i  -. 
itself  colorless,  and  forms  colorless  wilts  containing  3  equivaleuLs  >  r  « 
such  aeC^HjjKj.  IICI.     Oxidizing  agents  repruduee  roB^irnline, 

The  moleculai'  constitution  of  ropftiiiline  has  not  been  distinctly  I 
out.  Neithf'r  is  its  mode  of  formation  thoroughly  undernfM.^.!  iMit 
Tery  importiuit  fnct  has  been  brought  to  light  by  the  rewe  t 
manu,  and  oonfiriued  by  the  experience  of  tiianufncturer«^ 
pure  aniline,  from  wUaVexev  source  it  maybe  obtained^  is  tncapuli. 
nii»biug  amVuio-reA.  Ct>n\\ataTCAft\  a.wX\tLft  '^t^t^^xtd  trom  coal-tar  jil 
fact  COQtalui  toVuUVuc  a»  YT^^Vm.  iwC\^\li%N  %.^^  Vk^ilvxwi\vN»a^^*4.«xs.vUiU  w 
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presence  of  tbie  base,  togetber  witb  aniline,  is  essential  to  tbe  formation 
of  the  red  dye.  Tolaidine  by  itself  is  just  as  incapable  of  yielding  tbe 
red  as  pure  aniline,  but  wben  a  mixture  of  pure  aniline  and  pure  toluidine 
is  treated  witb  stannic  or  mercuric  chloride,  or  with  arsenic  acid,  the  red 
coloring  matter  is  immediately  produced.  Its  formation  may  perhaps  be 
represented  by  the  equation : 

C.H^N        +        2C^H,N        =        C„H,^,        +        8H, 
Aniline.  Toluidine.  Bosaniline. 

Rosaniline  is  doubtless  a  triamine,  and  tbe  formula  N3(CyH0)''',.  (CeH^V^H, 
has  been  suggested  as  the  rational  expression  of  its  constitution.  This, 
howeyer,  is  not  the  formula  of  a  true  triamine,  since  it  contains  only  biva- 
lent radicals,  and  may  be  resoWed  into  NH,  +  N,(C,H.)'^,(G.H.)'^,  or 
N(C.HJ/^H  -f  N,(C,H.)//,H,. 

Amilink-bluk  and  Anilink-violkt. — MM.  Girard  and  Be  Laire  obtained 
aniline-blue  by  digesting  rosaniline  with  an  excess  of  aniline  at  150°-160^ 
C.  (300^-320®  F.).  Together  with  aniline-blue,  which  is  the  principal  pro- 
duct of  the  reaction,  several  other  coloring  matters  (violet  and  green^  and 
indifferent  substances  are  formed,  considerable  quantities  of  ammonia  ocing 
invariably  evolved.  The  crude  blue  is  purified  by  treating  it  successively 
with  boiling  water  acidified  with  hydrochloric  acid,  and  with  pure  water. 
The  blue  coloring  matter  is  said  to  be  obtained  from  its  boiling  alcoholic 
solution  in  brilliant  needles.  It  consists  of  the  hydrochloride  of  triphenyl- 
rosaniline^  CJfl ^{C^ll^)^^^.  By  heating  rosaniline  with  ethyl-iodide,  Dr. 
Hofmann*  has  obtained  an  aniline-violet,  having  the  composition  of  hydri- 
odide  of  triethyl-rotaniline^  ^20^16(^2^^5)8^$*  Another  aniline-violet  is  pro- 
duced by  heating  rosaniline  with  a  quantity  of  aniline  less  than  sufficient 
to  form  aniline-blue. 

Akiline-tellow,  Ohrtsakilinb. — In  tbe  preparation  of  aniline-red,  a 
considerable  quantity  of  secondary  products  is  produced,  from  which  Mr. 
Nicholson  has  succeeded  in  extracting  a  yellow  coloring  matter.  This  sub- 
stance, which  has  been  called  ehrt/saniline,  contains  C^Hi^Ns :  it  is  also  a 
well-defined  base,  forming  two  series  of  salts,  the  majority  of  them  being 
very  well  crystallized.  The  two  hydrochlorides  of  chrysaniline  are  G^H„ 
N,.  HCl,  and  C^H^^N,.  2HC1.  The  nitrate  of  chrysaniline  is  so  insoluble 
in  water,  that  nitric  acid  may  bo  precipitated  even  from  a  dilute  solution 
of  nitrates  by  means  of  the  more  soluble  hydrochlorate  or  acetate  of 
chrysaniline.  Chrysaniline  is  intimately  related  to  rosaniline  and  leuoani- 
line,  differing  ftrom  the  former  by  2  and  from  the  latter  by  4  atoms  of  hy- 
drogen: 

Chrysaniline     .        .        .     CjqH^Nj 

Rosaniline        .        .        .     CjpH,^, 

Leucaniline      .        .        .     C^H^N.. 
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Under  this  head  we  shall  include  certain  artificial  organic  bases,  the 
molecular  constitution  of  which  has  not  been  very  distinctly  made  out; 
also  the  natural  bases  or  alkaloids  found  in  living  organisms ;  the  phos- 
phorus, arsenic,  and  antimony  bases,  analogous  in  composition  to  the 
Mnines ;  and  certain  other  compounds  of  organic  radicals  with  metals. 

♦  ProoeedJnga  of  the  Royil  aod«l:r,iJi\L\^ 
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L — Artificial  Organic  Baiea  obtained  from  imrloiia  Soarcei. 

BASKS  OBI'AIXED  BY  DKSTRUCTIVE   PIBTILLATION. 

The  destructive  di^tiniilion  of  orfrnriic  ^ubf^tances  h^a  furtiifllied  n  rid 
hikrTCfti  i>f  basic  compouuila.     A  few  of  the  more  iBlereating  oiaj  Iiere 
noticed. 

CiiisousB  {LEur^oLiNR),  C,H,N. — Quinine,  clncbontne,  ttrjrchnine,  ntid 
probiibly  other  bodie»  of  ibis  cI»bs,  wben  diRiilled  witU  avery  concentrftli^ 
solution   of  potai>iih,  ylehl  ati  oily  product  resembling  nniliiie   in   many  re-         I 
spects,  and   posse*(9ing  strong   basic    powers;   it   iis»  however^  lep*  voUtik         j 
tbiLn  that  substance,  aod  boils  sit  IJS^*^  C  (455^  F.).     When  pure,  it  ib  color-         \ 
less,  and  hns  a  faint  odor  of  bitter  almonds.      lis   deni^ily  is   I'OHl,     It  li 
eltghilj'  soluble  in  water,  and  niiscible  in  nil  proportions  with  alcohol,  ellirrj^^^J 
and    esiicnliAl   oils.     ChinoUnc   forms    salts   with    acids,  wlticb^   fref)oral]j|^^| 
tiipeaking,  do  not  crystallize  very  freely.      Chinolinc  i»  a  tertfnry  tnonaroinfl^^l 
When  difrcjtted  wilh  ethyl  iodide,  it  yields  iodide  of  etbylrhTnoline,  *  jiRuNI^^" 
^  rgH^fCjllj^NL     Treaiiuent  of  this  iodide  with  silver  oirde  liberate  ifa« 
baae  C,jH,5N(H(.>),  which  exhibits  nil  the  characters  of  the  amtno?'        '        ^.         | 
biding  powerfully  alkaline^  easily  solnblc   in    wa(er»  and  TH>t    Vi.- 
C.  Oreviile  Williauis  huw  shown  that  tbo  basic  oil  obtained  by  di.:..,...^  .  .u- 
ohonine  contains,  in  addition  to  chinoline.  two  ofber  bases  of  very  similar 

Cnperlics,  io  winch  Ihc  names  of  Uyfidine  and  cryptidine  have  been  given. 
pidine  contains  Cj^llgX,  cryptidine  Cj|H„N. 

CnrNOLiNE-nLTTE,  Cyanikk,  —  The  action  of  amy!  iodide  upon  cbtnoltne 
gives  riBO  to  iodide  of  aniylcbinolinCi  <'nll,tNI.  Addition  of  an  excess  of 
ctoda  to  an  aqueous  solution  of  this  iodide  produces  a  black  resinous  pre* 
cipitate,  which  di^Mdves  in  alcohol  with  a  magnificent  blue  color.  This 
precipitate  is  the  iodide  of  a  new  base,  dif covered  by  Mr.  C.  G,  WillianiJi, 
which  has  been  called  rtfanine.  The  color  of  this  body  is  unfortuuatcty 
very  fugitive.  According  to  recent  researches,*  the  formation  uf  the  new 
iodide  is  represented  by  the  following  equation:  2C].{L^1  =r  C— IJ-^NJ 
-h   HI.  *^* 

PicotiKK,  CgllyN.  —  Dr.  Anden^on  has  described  under  Ibis  name  a  rol- 
aiile,  oily  base,  which  is  present  in  certain  varieties  of  coal-tar  naphthi 
being  there  associated   with  aniline,  chinoline,  and  several  other  volatil 
Fiibsiances  but  imperfectly  understood.      It  is  separated  without  difiicullj 
from  the  two  bases  juet  mentioned,  by  dii^tillatiou,  in  virtue  of  its  superi 
Tolatiltty.     Picoline,  when  pure,  is  a  colorles*,  transparent,  limpid  liqui 
of  powerful  and  persislenL  odor,  and  acrid,  bitter  lasle.     Jt  is  unaffeet 
by  a  cold  of — IS***      It  is  exlremely  volatile,  evaporates  rapidly  in  the  airj 
and  does  not  become  brown  like  aniline  when  kept  in  an  ill-stopped  bortley 
Picoline  has  a  sp    gr.  of  0  O/k*,  and  boils  at  ISa**  C.  (271*'  F.).      ll  mixes  in 
all  proportions  with   pure  water,  but  is  insoluble  in  caustic  potash  and 
most  pall  no  solutions.     The  tilkiilinity  of  this  substance  is  exct»edingly  well 
markeil:  ii  restores  the  blue  color  of  reddened  litmus^  and  formic  a  scries 
of  crystallizable  salts.     It  is  isomeric  wiih   aniline,  but  completely  dii- 
linguished  from  that  body  by  numerous  oharaoteriBlie  reaeltona. 


BASES  FROM  ANIMAL  OIL. 

Tbe  oily  liquid  obtaxued  by  the  di(<t illation  of  bones  and  animal  natter 
generally^  frequ©Bl\y  dcft\^tvait^^^^  v\i^VftT\(i\i\\jv*^^*%0\l^<ii>nt»ii»MTeral 
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voliiiU«  organic  bases,  Togetber  with  somo  of  ttie  substaDces  alreadj  de- 
scribed, auch  tks  methylfflmine,  cthylamiaei  piooliue,  ivrnJ  amUiae,  Ut,  Antler- 
BOD  liaa  fouDil  in  it  several  peculiar  bases. 

PiJTiNJJ««t  C^HjiN.— Tbe  propprties  of  this  substance  arc  rvry  analogous 
to  tho«G  of  bietfaylaeilne  and  triirthylamine.  It  bus  the  Hame  eomposiiion 
as  btcthylamine,  but  differs  from  it  by  its  higlii?ir  boiling- point,  wbich  is 
79-5**  C.  (I7*P  F),  that  of  bielhylarnine  being  57  O^  C.  (185^  F.)  (p.  730). 
Some  chemists  are  inclined  to  explain  this  difforeuoe  by  aBtintuing  that 
petinine  is  identical  with  butiflammr^  NH^(C^H^)-  This  answinptioii  may  be 
correct^  but  is  not  aa  yet  ?.upported  by  any  eiperimunlnl  evident!*.  The 
true  butylamine  has  been  obtained  by  M.  Wurii  from  butyl-ulcoUoi  in  the 
\  manner  aa  etliylamioe  h  obtained  from  commun  alcohol. 


PrtLttHJiK,  C^H^N,  much  resembles  picoliuo,  and  is  obfaiaed  by  repeatedly 
reoUrying  the  bases  &f  Dippel's  oil,  which  distil  at  115''  C.  (2:i^°  ¥.), 

LtJTii»i?iK,  CJlpN.  —  OUy  base  contained  in  the  portion  whicb  distils  at 
164'='  C.  (300^  F.), 

Cnr.ijniXK.  C,H^,K.  — Oily  base  Tery  similar  to  the  preceding  ones.  Boil- 
ing p«Jtnt  171^*="  C.  (^Jr^P  F.). 

To  the  same  scries  also  belnugs  ao   oily  base,  Utely  isolated   by  Mr.  C. 

reville  Williums  from  the  hniiic  products  of  the  distillation  of  l>orwetshiro 

ttlc,  and  described  hy  him  under  tbe  name  of  parvoline.     Parvoline  Is 

id  to  contain  C,ff„N. 

It  will  be  obtjerved  that  these  baset,  tbc  constituent  radicals  of  which 
&re  not  yet  clearly  made  out,  ftre  isomoric  with  the  honiologues  of  aniline  * 


T 
Aniline 
Toluidine 
Xylidiiio 
Cuuiidine 
Cymidino 


C.II.N 

C.ILN 
C.",.N 

c.„iLn. 


Pyridine, 
Pico!inc» 
Liitidiue. 
Collidine. 
Parvoline. 


The  first  term  of  the  anilino  series,  and  the  V;if*t  of  tbe  pyridine  series, 
jre  unknown.  The  brineH  of  ihty  aniline  Meries*  nre  primary,  iho»e  of  the 
|ftyridine  etertcii  tertiary  monamiues. 

Pyhrol,  C|H(.N.  —  Tliis  substance  was  first  observed  by  Runge  in  coal- 

l^r;  Anderson  afterwar«l  obtained  it  from  animal  oil.     ll  ha.i  ihe  proper- 

aes  of  a  Tcry  weak  base,  the  compounds  of  which  with  acid*  are  destroyed 

thy  boiling  with  water.     To  prepare  pyrrol,  the  ha^f^es  of  animal  oil  arc  dis- 

Iffolved  in  sulphuric  acid ;  the  solution,  when  HUhmitted  to  protracted  ebulti- 

^oii,  retain**  the   stronger   boses*  allowing  the  pyrrol  (o  pass  OTor,     The 

llifltillate  is  healed  wiih  solid  potassium  hydrate,  when  the  pyrrol  combines 

llowly  with  the  alkali,  adn»iied  impnrities  being  volntiliiod.     I5y  tfissoUing 

ibe  poiaasium-cotiipound  in  water,  the  pyrrol  flcparntcK  hs  an  oily  liquid, 

looting  on  the  surl'ace  of  the  solution.     Pyrrol  is  colorless,  ini^oJuble  in 

rater  and  alkalies^  nlowly  soluble  in  acids;   it  has  an  ethereal  odor  resem- 

iling  thaf  of  chlf*ri>forni,  a  Hpecific  gravity  =r  11177,  mid   hi>iln  at  KiH®  C. 

f(271®F.).     Pyrrol  is  easily  recognized  by  the  purple  color  which  it  imparts 

fir-wood  moistened  with  hydrochloric  acid. 

By  heating  an  acid  solution  of  pyrrol*  a  red,  flaky  substance, />t/rro^-rj*t/, 
Its  pro«lticed*  containing  ^'iiHi^N/J,,  the  formation  of  which  is  represented 
1>y  the  following  equation ; 

63* 
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BABB8  OBTAINED  BT  THK  ACTION  OF  AMMOMA  XTPO^  ALDPIHTDEI 

Tbe  bodies  called  h^dmmidts,  produced  b^  lb*?  nelion  of  am  ut  on  in  on  fu 
furol  (p.  tiyo)»  and  on  the  aldeliydci*  of  Ihc  ifcroiuattc  »«ritf*,  are  ncutr 
flubsttauoea,  not  uapablts  oruniling  with  acida-  buL,  nhen  builrd  with  ft^u 
ous  potash,  they  are  converted^  without  addition  or  ftbetrnctioo  at  %nj^  tit* 
meniM  whatever,  Inio  idonitsrio  compounds,  which  are  strong  b&seft,  eon- 
bining  readily  with  acids  mid  forming  de^nite  italta. 

FinfUttiNK,  CjjHj^jOp*  is  formed  in  the  manoer  just  described  from 
furfurjimide,  a  hydranjiJe  obtained  by  the  action  of  sminonta  on  furforol 
(p.  tj%).  It  ia  a  powerful  organic  base,  forming  wilh  acida  a  series  of 
beautiful  o ry »t alii i able  salts,  decomposing  at  a  boiling  heat  Ibe  saline 
compounds  of  ammouia.  Furfurinc  is  vor^-'  sparingly  soluble  in  cold  water, 
but  dissolves  in  about  135  parte  at  abruit  UKP.  Alcohol  and  eeher  di^solfc 
it  freely:  the  solutions  have  a  strong  alkaline  reaction.  It  melts  below 
the  boiling  poiut  of  water,  and,  when  i<trongly  heated,  iuflamtfS  and  bums 
with  a  rt'd  and  smoky  light,  leaving  but  little  charcoal.  it«  salts  are  io- 
LensuLy  biller. 

Amahinb  (Benzoline),  Cj,H|„Xy — Hydrobcnxamide^  produced  by  the 
fiction  of  ammonia  on  pure  bitier-almond  oil  (p  *il>0),  when  1'  ■  '  »■  -i,.,! 
with  a  solution  of  caiislic  potash,  t^uffi^rs  the  snme  kind  of  chu 
furamide,  becoming  cutirely  converted  into  the  isomeric  baAi*  r 
rinif.  Precipitated  by  ammonia  from  a  cold  solution  of  the  hydrochii  i  I' 
or  t»ulphale,  umariui'  separates  iti  white  curdy  uiui^seH.  which  when  uu^ii.  I 
and  dried  beeonne  greatly  reduced  in  volume.  Id  this  sialo  it  becomes 
Strongly  eiectric  by  friction  with  a  spatula.  It  is  insoluble  in  water,  but 
dissolves  abundantly  in  uleobol:  the  solution  is  highly  tilkuline  to  test- 
paper,  and  if  t^utficientlj  concentrated,  deposits  the  amariue  on  «<tanding  in 
smull,  culorless,  prismatic  crystals-  Below  100^  it  ruelie,  ur.d  on  cooling 
assumes  a  glassy  or  re^^inous  condition.  Strongly  heated  in  n  ri'tort.  it  de- 
composes, with  produclion  of  ammonia,  a  volatile  oil  not  yet  examined, 
and  a  new  body,  pf/robmsotine  or  iGphinf,  C,|ll|,N\  (?),  which  upptrars  to  ht 
a  feebly  basic  substance,  insoluble  in  water,  i*oluble  in  boiling  alcohol.  It 
is  fusible  by  moderate  beat,  find  on  cooling  becomes  a  mas9  nf  colorless 
radiating  needles  or  plates.  The  sails  of  nmarine  are  mostly  sparingly 
soluble;  the  sulphate,  nitrate,  and  hydrochloride  are  cryalalluable 
very  definile, 

TuiALniM^,  CftH,jN8_,  —  This  baso  is  obtained  by  dissoWing  the  eryslnl-' 
line  compound  of  aldehyde  wilh  ammonia  (p  G87)  in  from  1-  to  IGparU 
of  water*  mixing  tlie  solution  with  a  few  drops  of  cuusli'^     -   ■  -I 

then  subjectiiig  the  whole  to  a  feeble  streoni  of  sul|ihiii 

After  a  time  the   liquid  becomes  turbid,  and  deposits  thiuii .i      ...ll- 

cryslwlline  substance,  ll  is  soparatcd,  warthcd,  dis(^olvcd  in  erber,  and  the 
aoluiion  mixed  with  alcohol  and  left  to  evaporaie  spontaneously,  Ity  which 
means  the  base  is  obtained  in  large^  regular,  rhombic  crystalff,  having  the 
form  of  gypsum.  The  crystals  are  heavier  than  water,  traiif>ptiri*nt  and 
colorless.  They  refract  light  strongly.  Tliialdiue  has  a  ^ont' 
matic  odor,  melts  at  48  n*^,  and  volatiliies  slowly  at  common  li  u 
It  distils  unchanged  wiih  the  vapor  of  water,  but  decompOHes  w,,.  i,  utut.  ■ 
alone.  It  is  very  spnringly  soluble  in  water,  easily  in  alcohol  and  ether. 
It  has  uo  action  on  vegetable  ctdnrs,  but  dissolves  freely  in  acids,  forming 
orystalltzablo  salts.    Healed  wilh  slaked  lime,  if  is  said  to  yield  chiuolili«i, 

A  very  similar  compound  contiiining  seleniym  has  been  prepared, 

•  Thi«  rpmarkuMi^  Mi^AT<tivWN  ^^*'  T^rWT'i-A  ifcVV^^vAv  Vi  V&n  tk,««^^  ii£t;i&i^^  i|«t  wm&»^  WU 


'^ 
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Alalini,  CgHjNOy  produced  by  treating  acetic  aldehyde  with  hydro- 
cyanic and  hydrochloric  acids,  and  leuane^  CeHjgNOj,  obtained,  in  like 
manner,  from  valeric  aldehyde,  are  likewise  bases,  forming  definite  salts 
with  acids;  but  they  are  also  acids,  capable  of  forming  salts  by  exchanging 
their  hydrogen  for  metals ;  they  have  indeed  the  composition  of  amido- 
propionic  and  amidocaproic  acids,  and  as  such  have  been  already  de- 
scribed (pp.  615,  619).  Glyeodne,  C,H,NOx  (p.  614),  is  another  body  of  the 
same  series,  and  possessing  similar  properties. 


II. — Batnral  Organic  Bates,  or  Alkaloids. 

The  organic  alkaloids  constitute  a  remarkable  and  most  interesting  group 
of  bodies:  they  are  met  with  in  yarious  plants,  some  of  them  also  in  the 
animal  organism.  They  are,  for  the  most  part,  sparingly  soluble  in  water, 
but  dissolre  in  hot  alcohol,  from  which  they  oUen  crystallize  in  a  yery 
beautiful  manner  on  cooling.  Several  of  them,  however,  are  oily,  volatile 
liquids.  The  taste  of  the  vegeto-alkalies,  when  in  solution,  is  usually  in- 
tensely bitter,  and  their  action  upon  the  animal  economy  exceedingly  ener- 
getic. They  all  contain  a  considerable  quantity  of  nitrogen,  and  are  very 
complicated  in  constitution,  having  high  combining  numbers.  This  class 
of  bodies  is  very  numerous;  but  the  limits  of  this  elementary  work  permit 
ufl  to  study  only  the  more  important  members  included  in  it. 

None  of  the  organic  bases  occurring  in  plants  have  yet  been  formed  by 
artificial  means  ;  and  their  constitution  is  far  from  being  completely  under- 
stood. There  can  be  no  doubt,  however,  that  the  natural  alkaloids,  like 
the  artificial  bases,  are  substitution-products  of  ammonia.  Many  of  them, 
when  submitted  to  the  action  of  methyl  or  ethyl  iodide,  are  capable  of  ab- 
sorbing a  smaller  or  greater  number  of  equivalents  of  methyl  and  ethyl, 
and  their  deportment  with  these  alcohol-iodides  permits  us  to  ascertain 
with  great  precision  their  degree  of  substitution.  If  a  natural  alkaloid, 
when  submitted  to  the  action  of  ethyl  iodide,  be  found  to  require  for  con- 
version int4>  a  base  of  the  formula, 

A 


■ill 


OH, 


either  1,  or  2,  or  8  equivalents  of  ethyl,  we  may  infer  that  the  alkaloid  in 
question  belongs  to  the  class  of  bases  represented  by  the  formulas : 

nJb  or  nJb  or  nJ  H 

[C  U  (H 

t.  «.,  that  it  is  a  tertiary,  a  secondary,  or  a  primary  monamine.  All  natu- 
ral alkaloids  which  have  been  examined,  with  the  exception  of  conine,  are 
tertiary  bases. 

Horpbine,  or  Horphia,  CiyH^NO,. — This  is  the  chief  active  principle 
of  opium :  it  is  the  most  characteristic  body  of  the  group,  and  the  earliest 
known,  dating  back  to  the  year  1804,  when  it  was  discovered  by  8crtiirncr. 

Opium,  the  inspissated  juice  of  the  poppy-capsule,  is  a  very  complicated 
substance,  containing,  besides  morphine,  a  host  of  other  alkaloids  in  very 
variable  quantities,  combined  with  sulphuric  acid  and  meconic  acid(v.(i"*A\, 
In  addition  to  these,  there  are   gummy,  Tcamow^,  aivCi  cic>\w\\\^  w\'»^X'6X'^^ 
caoufcliouo;  Ac,   besides  mechanical  impurities,  lia  c\io^^^^  Vi-a^nt^.    ^V» 
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opium  of  Turkey  is  the  mosi  vnluablc,  and  coDiains  the  largest  i^UHtitUy  of 
iDorpbiDe:  the  opiums  uf  Egypt  &qU  of  lodia  are  con8iU*.*rHUlj  infi^rior. 
Opium  has  been  produced  in  EngLund  of  die  fiiiefit  quality ,  but  at  great  cc«l. 

If  ai&mooia  be  added  to  a  clear,  aqueous  iufui^ion  of  opium,  a  very  abuo- 
datil  buff'Cuiored  or  browmah-white  precipitate  falls,  wbiGb  consijtta  prin* 
cipally  of  morphine  and  narcotioe,  rendered  io&oluble  by  the  wifhdrawa] 
of  the  acid.  The  product  is  too  impure,  however,  for  use.  The  chief  dif- 
ficulty in  the  prepanition  of  thei*e  gub<itance8  is  to  get  rid  of  the  colorioj^ 
matter,  which  adheres  with  greiit  obatinuey,  rcdis?olving  with  the  precipi- 
tatest  and  being  again  iu  part  thrown  down  when  the  aolutions  are  iaiu- 
rated  with  an  alkali.  The  following  method^  which  ffucoeeda  well  upon  a 
fimall  scale,  will  serve  to  give  the  utudeut  some  idea  of  a  proceiis  vrry  eow- 
monly  pursued  when  it  is  de«Lred  lo  isolate  at  once  an  imsubible  organie 
baae,  aud  the  acid  with  which  it  is  iq  combination:  A  filtered  Bolutioo  of 
opium  in  tepid  water  i^  mixed  with  lead  acetate  in  exoeaa;  tJie  precipitated 
lead  mcconate  is  separated  by  a  hUer.  and  through  tlie  solution  contaioiiig 
morphine  acetate^  now  freed  to  a  considerable  extent  from  color,  a  stn 
of  Bulphuretted  hydrogen  i»  passed,  The  filtered  and  nearly  color 
liquid*  from  which  ihc  lead  ha^i  been  tbns  removed,  may  be  warmed  to  > 
pel  the  excess  of  gas,  once  more  filtered,  and  then  mixed  ivitb  a  sliglii 
excess  of  caustic  ammonia,  which  throws  down  the  morphine  and  narm* 
tine :  these  may  be  separated  by  boiling  ether,  in  which  the  latter  is  i 
ble.  The  lead  meconate,  well  washed,  suspended  in  water^  and  decoiD| 
by  sulphuretted  hydrogen,  yields  a  solution  of  meconie  acid. 

Morphine  and  its  salt^  are  advantageously  prepared,  on  the  large  seal«^ 
by  the  process  of  Dr.  Gregory.  A  strong  infusion  of  opium  i«  mixed  with 
a  solution  of  calcium  chloride,  free  from  iron;  calcium  meconate,  which  ii 
nearly  lUfioluble,  then  separates,  while  the  hydrochloric  acid  is  tranifcE 
to  the  alkaloidj^.     By  duly  concentrating  the  filtered  solution,  Ihc  hy<' 

chloride  of  morphine  may  be  made  to  cryatallixe,  while  the  narcotine 

other  bodies  are  left  behind.  Repeated  recryslalliwition,  and  the  o«e  flf 
animal  chnreoal,  then  suffice  to  whiten  and  purify  the  Pali,  from  which  Iha 
base  may  be  precipitated  in  the  pore  state  by  ammonia.  Other  proceasea 
bttTo  been  proposed,  as  that  of  M.  Thiboumerj',  which  consists  in  adding 
shikcd  lime  in  excess  to  iin  infusion  of  opium,  by  which  the  meconie  acid  is 
rendered  innoluble,  while  the  morphine  ia  taken  up  with  eas<e  by  the  alka- 
line eurth.  By  r,iactltt  neutralizing  the  filtered  sohKion  with  hydri»chtorio 
acid,  the  morphine  is  precipitated,  but  in  a  fiomewhat  colored  sTate. 

Morphine,  when  crystallized  from  alcohol,  form^  small  but  very  hriUiftAt 
prismatic  crystals,  which  are  transparent  and  eolorless^  It  requires  at 
leftst  lUOO  pnrta  of  water  for  solution,  tastes  slightly  bitter,  and  hatt  all 
alkaline  reaction.  These  effecta  are  much  more  evident  in  the  aleoholio 
solution.  It  dissolrcs  in  about  30  parta  of  boiling  alcohol,  and  with  great 
facility  in  dilute  acids;  it  is  aUo  dissolved  by  exc<t8£  of  caufttie  p«»ta»li  or 
soda,  but  acoreely  by  excess  of  ammonia.  When  heated  in  the  «ir»  mor- 
phine melts,  iufiames  like  a  resin,  ami  leaves  a  small  quantity  of  chareaal, 
which  easily  burns  away, 

Morphine  in  powder  strikes  a  deep-blniah  cdlor  with  neutral  ferri«  saitt, 
decomposes  iodic  acid  with  liberatiou  of  iodine,  and  forms  a  dt^ep-yellow 
or  red  compound  with  nitrio  acid :  these  rea^jtions  are  by  some  considered 
characteristic. 

Crysialliaed  morphine  contains  G^.H^NO^.  11,0. 

The  mo.«ti  characteristic  and  best-denned  salt  of  this  base  is  (he  h^4ri>- 
chloride.  U  cryiilallizes  in  slender,  colorless  needles,  arranged  iu  lufla  or 
Btellated  groups,  soluble  in  about  20  parta  of  cold  water,  and  in  its  own 
weight  at  the  bo\Ving  \\caV,  t>4ftet^4Va\%  t(>ut«.vn  3  moleeuloa  of  water. 
The  sulj}haU,  nitrate,  vkiU^l  jiltoiphatc  ^tt'ft  Gt>i*N4^i!tt.^ifc\i\«  1M^^*    v^^.  «&%UU  crji- 
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talliies  with  great  diffioaltj,  and  is  nsually  sold  in  the  state  of  a  dry  pow- 
der.    The  artificial  meeonate  is  sometimes  prepared  for  medicinal  use. 

An  alcoholic  solution  of  morphine,  heated  in  sealed  tubes  with  methyl 
iodide,  forms  a  crystalline  compound,  CijH^O^l  =  C„(^H,jCHj)NOjl;  this 
substance  yields,  with  silver  oxide,  a  very  alkaline  solution,  obviously  con- 
taining an  ammonium  base.  Morphine  is  therefore  a  tertiary  amine,  the 
group  C„VLjjfi^  representing  one  or'  several  radicals,  which  are  together 
capable  of  replacing  8  atoms  of  hydrogen. 

Vareotine.  —  The  marc,  or  insoluble  portion  of  opium,  contains  much 
nareotine,  which  may  be  extracted  by  boiling  with  dilute  acetic  acid.  From 
the  filtered  solution  the  nareotine  is  precipitated  by  ammonia,  and  after- 
wards purified  by  solution  in  boiling  alcohol,  and  filtration  through  animal 
charcoaL  Nareotine  crystallises  in  small,  colorless,  brilliant  prisms,  which 
are  nearly  insoluble  in  water.  The  basic  powers  of  nareotine  are  very 
feeble :  it  is  destitute  of  alkaline  reaction,  and  although  freely  soluble  in 
acids,  reftises,  for  the  most  part,  to  form  with  them  crystallixable  com- 
pounds. 

According  to  Matthiessen  and  Foster,  nareotine  contains  CgH^NO^. 

Nareotine  yields  some  curious  products  by  the  action  of  oxidixiug  agents, 
as  a  mixture  of  dilute  sulphuric  acid  and  manganese  dioxide,  or  a  hot  solu- 
tion of  platinic  chloride.  They  have  been  chiefly  studied  by  Wohler,  Blyth, 
Anderson,  and  lately  also  by  Matthiessen  and  Foster.  The  most  important 
of  these  is  opianic  acid,  a  substance  forming  colorless,  prismatic,  reticulated 
crystals,  sparingly  soluble  in  cold,  easily  in  hot  water.  It  melts  when 
heated,  but  does  not  sublime.  After  fusion  it  becomes  quite  insoluble  in 
dilute  alkalies,  but  without  change  of  composition.  This  acid  forms  crys- 
tallixable salts  and  an  ether :  it  contains  C,||HjoO,.  The  ammonia-salt,  by 
evaporation  to  dryness,  yields  a  nearly  white  insoluble  powder,  called 
cpianufwn€y  containing  C^qHi^NO,,  convertible  by  strong  acids  into  opianic 
acid  and  ammonia.  Sulphurous  acid  yields  with  opianio  acid  two  products 
containing  sulphur.  A  basic  substance,  cotamine,  C^HjjNO,,  is  contained 
in  the  mother-liquor  from  which  opianio  acid  has  crystallized :  it  forms  a 
yellow  crystalline  mass,  very  soluble,  of  bitter  taste,  and  feebly  alkaline 
reaction.  Its  hydrochloride  is  a  well-defined  salt.  The  transformation  of 
nareotine  into  opianic  acid  and  cotamine  is  represented  by  the  equation: 

CaH^NO,        +        0        =        C,.H„05        +        C„H„XO,. 

Another  basic  substance,  narcogenine^  was  accidentally  produced  in  an  at- 
tempt to  prepare  cotamine  with  platinic  chloride.  It  formed  long  orange- 
oolored  needles,  and  contained  C,8lI,,N0y 

By  heating  opianic  acid  with  a  strong  solution  of  potash,  it  is  converted 
into  a  crysUllisable  neutral  and  volatile  substance  called  meconin,  C^^Ui^O^ 
and  a  bibasic  crystallixable  acid,  termed  hemipinie  acid,  C,oHi^O,: 

Hemipinie  acid,  treated  with  hydriodic  acid,  splits  up  into  methyl  iodide, 
carbonic  acid,  and  hypogallic,  C^n^O^,  the  relation  of  which  to  gallic  acid 
has  already  been  mentioned  (p.  667).  When  cotamine  is  gently  heated 
with  very  dilute  nitric  acid,  it  is  converted  into  methylamine  nitrate  and  co- 
tamie  acid,  a  bibasic  acid  containing  C^fi^fi^i 

Ci,H,,NO,+  2H,0  +  NO,H  =  CneN.NO,+  C„H„0,. 

Codalne,   CnHjjNO,.  —  Hydrochloride   of    morphine,   prepared   directly 
fh>m  opium,  as  in  Gregory's  process,  contains  codeine-salt.    On  dissolvixvsf^ 
it  in  water,  and  adding  a  slight  excess  of  ammomiw,  VVv^i  xuqt'v^vwv^  V9»\^^^v- 
pitated,  and  the  codeine  left  in  solution.     Yut^  co^^m^  ^ix^^VaJ^iA'^'*  "^^ 
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flpontnncdufl  eTaporaiion,  in  colorless  transparent  octc^hedrons :  it  ia  i 

ill  ^0  parrs  of  cold*  And  17  of  boiling  water,  has  a  strong  alkaline  reao^ 

tiou^  Hiid  forms  crj^^taltiznblc  stilts. 

Wiih  i*thyl  Iodide  codeine  forms  a  cryttftlUne  iodi<le»  Cj^TlgiNOjI  =  C^Jd^ 
(C^H^)NOj[,  furiiisbiiig  wiih  Pilver  oxide  a  aoliible  base.  CodViae  bdng 
cons^idcred  as  a  tertiary  oionaminc,  tUc  group  Cj^H;{jO|  reprcaenis  8  atoms 
of  bjdrogen. 

Codeine  is  homologouB  witb  morpliine,  C^gHj^ND,.  Tt  ha.^  h^en  llie  mb- 
ject  of  a  carcrfiil  investigiition  by  Dr  Andor^oii,  who  bus  prepfired  a  grvil 
number  of  Ha  derivatives,  all  of  which  establish  the  formulu  above  given. 

Thobains  or  ParamorpMne, — This  substance  ia  contained  in  the  predpi- 
talif  foruii'd  by  ctitcitiui  bydrute  in  a  nlrung  infusion  of  opium,  in  Thibou- 
mery'8  process  for  preparing  niorpUine.  The  precipilnlc  is  well  wa^be*!* 
diesaolvcd  in  dilute  acidf  o.nd  mixed  with  ammonia  in  exccsH,  and  tbe  ibe- 
buine  Is  thrown  down  cry^ilaUtzed  from  alcohui.  Whim  pure,  il  forms 
colorless  neinlles  like  those  of  narcotine,  but  sparingly  soluble  in  water, 
readily  soluble  in  the  cold  in  alcohol  and  ether*     It  ineU«  wbrn  '  '    und 

decomposes  III  a  high  teuiperaturo.     Wiih  dilute  acids  it  fon  'ii- 

ablo  compounds,  and  when  isolated  and  in  solution  has  a  pov^^i.^.^.^  ^ika* 
line  read  ion. 

A  series  of  other  bases*  papaverine,  Cj^HjiNO^.  piettdo-m^rphine,  narcMUt 
Cn|H^Nr>^  opianmt^  and  porphffroxine^  are  also  —  at  least  occasionally  — 
eonlained  in  opium:  they  are  of  suijiill  importiinee,  and  comparatively  liltlt 
is  known  respecting  them.  A  considerable  number  of  derivatives  of  psps- 
Tcrinc  havo  been  prepared,  which  confirm  the  formula  above  given  for  \U 

Cinchonine  and  dutnind.  — It  is  to  these  vegeto^alkalica  that  tb«  TaltmMt 
mcdicinul  properlicH  of  the  Peruvian  barks  are  due.  They  arc  astoclateil 
in  the  bark.^  with  sulphuric  acid,  and  with  a  (Special  acid,  called  the  ^iMiiMr 
or  kink.  Cincboniue  i»  contained  in  largest  cjuimtity  in  the  pale  bark,  Of 
Cinchona  cfimlttmimn ;  quininei  in  the  yellow  bark,  at  Ctnckona  cordt/oUa; 
the  Cmfhnna  ohlortf/fJhfHt  con  (nine  both* 

The  simplest,  but  not  the  most  economical,  methml  of  preparing 
Bubslancea  18  lo  iidd  a  s'light  excess  of  eakiuut  hydrate  to  a  ^iroug  d 
lion  of  the  ground  bark  in  acidulated  water*  wash  the  precipitnto  wi 
ensues,  and  boil  il  in  alcohol.  The  solution,  filtered  wliile  bol,  dopoaili 
the  vcgeto-alkali  on  cooling.  When  both  ba^es  are  present,  they  may  be 
separated  by  converting  them  into  sulphates:  the  qui  nine-sale  la  the  lesi 
soluble  of  the  two,  and  crysJatliies  first. 

Pure  cincbonine,  or  cincbonia,  crystallises  in  small,  bat  beautifully  btil- 
liant,  transparent,  four'sidcd  prisms.  It  is  but  very  feebly  aoloble  id 
water,  dissolves  readily  in  boiling  alcohol,  and  has  but  little  taste,  although 
its  salts  arc  excessively  bilier.  It  is  a  powerful  base,  neutralixtng  acids 
completely,  and  forming  a  series  of  crystalUiable  salta,  Cinchouine  tumt 
the  plane  of  polarisation  to  the  rights 

Quinine  or  qiiina^  much  resembles  elnchonine:  it  do^s  not  crystallii^  fo 
well,  however,  and  is  much  more  soluble  in  water'  ita  taato  Sa  intensely 
bitter     Quinine  turns  the  plane  of  polarixatiou  toward  the  left. 

Ciuchonine  is  composed  of  .  .  ,  *^.'o^l'fi^f^»  ****^ 
Quinine  of  ,  ,  .  ,  .  ,  *^»i'^n'^s*^r 
Quinin*-  sylphatt  is  miuiufactured  on  a  yi^vy  large  scale  for  medicinal  use: 
it  cryslalliies  in  pmall  while  needles,  which  give  a  netilrnl  f^ohition.  This 
substance  contains  -rjpMj^N/>2  f^OJij, .  T  .\q\  Its  solubility  is  much  in- 
creased by  the  addiiion  ot  a  little  sulphuric  acid,  whereby  the  acid  aalt, 
CjqH.^^N,0-.H0^H,4."  \c\.,  \^  t^^tu\ftA»  N.  ^itv^  VRteresting  compound  hat 
been  proiluced  \>y  Dr.  ll<tv^^^fl,\\i^\s^  VV^  wivXciTv  qV  wi^Kv^it  \iv^\k.  «^vq\i&«  an!- 
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te.  It  is  a  orystaUine  eubsUnoe  of  a  brilliant  emerald  color,  which 
ears  to  consist  of  equal  equiralents  of  the  sulphate  of  quinine  and  of 
ne.  This  remarkable  compound  possesses  the  optical  properties  of  the 
•maline  (p.  92). 

inchonine  and  quinine  vield  with  methvl  iodide,  compounds  represented 
lectively  by  the  formulse  C^H,4(CH,)N,01  and  C„njj4(Cll,)N,0,I,  which 
oonyerted  by  silver  oxide  into  soluble  bases  analogous  to  tetrethyl- 
ionium  hydrate. 

umidine. — In  manufacturing  quinine  sulphate,  a  new  base  has  been  ob- 
ed,  which  differs  from  quinine  in  some  of  its  physical  properties,  but 
ud  to  have  the  same  composition.  It  has  been  described  under  the 
le  of  quinidine,  an  1  appears  to  have  the  same  medicinal  properties  as 
line.  The  substance  has  been  carefully  examined  by  Pasteur,  whose 
arches  have  led  to  the  following  interesting  results : 
he  substance  which  is  found  in  commerce  under  the  name  of  quinidine 
morally  a  mixture  of  two  alkaloids,  of  which  the  one  is  isomeric  with 
line,  and  the  other  with  cinchonine.  Pasteur  designates  these  two  sub- 
oes  respectively  as  qmnidine  and  emchonidine.  They  differ  from  quinine 
cinchonine  in  several  properties,  but  particularly  in  their  deportment 
I  polarized  light :  fur  while  quioine  turns  the  plane  of  polarisation  con- 
rably  towards  the  lefty  quinidine  exerts  a  powerful  action  towards  the 
I  Again,  while  cinchonine  deflects  considerably  towards  the  ru/hl,  the 
>n  of  the  isomeric  cinchonidine  is  in  the  opposite  direction — namely, 
irds  the  Ufl.  It  is  evident  that  quinine  and  quinidine  on  the  one  hand, 
cinchonidine  and  cinchonine  on  the  other,  stand  to  each  other  in  about 
lame  relation  as  levo-  and  dextro-tartario  acids  (p.  077).  Nor  are  the 
IS  wanting  which  correspond  to  racemio  acid.  Pasteur  has,  in  fact, 
'ed  that  both  quinine  and  quinidine,  and  likewise  cinchonine  and  cin- 
ddine,  are  peculiarly  modified  by  the  action  of  heat :  exposed  for  sev- 
hours  to  a  temprerature  varying  between  120<>and  130<»C.  (248*»-266<>F.), 
line  and  quinidine  are  converted  into  a  third  isomeric  alkaloid,  which 
«ur  terms  quinieine,  while  cinchonine  and  cinchonidine  furnish  an  iso- 
ie  einehonieine  under  the  same  circumstances.  In  racemic  acid  the  right- 
ied  action  of  dextro-tartaric,  and  the  left-handed  action  of  levo-tar- 
)  acid,  are  exactly  balanced,  racemic  acid  possessing  no  longer  any  ac- 
npon  polarixed  light :  in  quinioine  and  einehonieine,  such  a  perfect 
noe  is  not  observed;  both  still  exert  a  feeble  right«handed  action, 
)h  is,  however,  very  slight  when  compared  with  the  rotatory  powers  of 
ilkaloids  which  give  rise  to  them.  The  following  table  exhibits  the 
tions  of  the  six  alkaloids,  and  their  analogy  with  the  racemic  group,  in 
>re  conspicuous  manner : 


Quinine 

Left-handed, 

powerfully, 

Cinchonine 
Right-handed, 
very  powerfully. 

Dcxtro-tartaric  acid 
Right-handed. 


Quinicine 

Right-handed, 

feebly. 

Cinchonicine 
Right-handed, 
feebly. 

Racemic  acid 
neutral. 


Quinidine 
Right-handedy 
very  powerfully, 

Cinchonidine 

Left-handed, 

powerfully. 

Levo-tartaric  acid. 
Left-handed. 


hinotdine,  Quinotdine,  or  Amorphous  quinine,  is  contained  in  the  refuse,  or 
ler-liquors,  of  the  quinine  manufacture.  In  its  purest  state  it  forms  a 
)w  or  brown  resin  like  mass,  insoluble  in  water,  freely  soluble  in  alco- 
ind  ether.  It  is  easily  soluble  also  in  dilute  acids,  and  is  th^i^&^Vc^- 
Lated  by  ammonia,  Quin oidine  possesses  pcwerf u\  \^\>t\^\i^<^  YCQ^«t\A«^> 
ia  jdcDtical  ia  composition  with  quinine.    It  ^nVOl^hIVj \i^w:^\.^  ojivccc^^ 
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the  aamc  relation  that  uncrystallistablc  syrup  bears  i^  r-v-r-rymif^T^htmg 
prfxluced  from  C|uioine  l»y  the  heat  crn ployed  iu  iht  '»a, 

Fruni  Cusco^  or  Artca-bark^  and  likewbc  from  iho  '  r.idi   <»r  wUft 

qumquina   of  Coudannne,  a  substaDCe  denouiinaled  Artnut  or  ;  nt 

ha^  been  exlrnctCMl :  it  closely  resembles  ciuohotiiue,  ntid  b  ««m  j^m 

C„[:1^N\0,.  This  formula  exhibits  a  0I080  analogy  with  the  l4»riuula»  of 
cJuehuuine  and  i^umine.     Aricine  is  usclesa  iu  medicine. 

Btrychnine  and  Bmaina,  also  calk'd  Strychnia  and  Brucia^  ar^  conttiOMi, 
together  with  ficveral  Fiill  iiuperfcLtly  known  ba^es,  in  Aut  Vimtica,  in  St, 
Ignatius'  bmn^  and  in  fatte  Antfuttura  Lark,  Strychnine  and  brucine  are 
generally  atssociated  mlh  a  peculiar  acid»  called  i^aturic  aeiti.  Nui  vuniiea 
Becda  are  boiler!  in  dilute  gulphuric  ucid  until  ihey  become  soft:  Oiey  ar« 
I  lien  cniehcd,  and  tbe  expressed  liquid  is  mixvd  wilh  exceaa  of  calcioin 
liydrntet  which  throws  down  the  alkaloids.  The  precipilnte  is  boiled  in 
BpiritB  of  wiue  of  ep,  gr.  0'860,  and  filtered  hot.  ^Ir^  ehuine  and  liruciue 
are  then  deposited  iogether  in  a  colored  and  luspure  fchile,  and  may  b«  Mp- 
ariited  by  cold  alcohol,  in  which  I  he  latter  dij»so!v*'s  rt'ttilHy* 

Pure  atrychtiiue  crystalliies  uuder  favorable  circumt^lalJcefi  in  nnall  but 
exceedingly  britl'mut  octohedral  crjBtals,  i^hich  are  transparent  aud  cotar- 
k^a.  It  has  a  very  bitter,  somewhot  nietjillic  taste  (1  part  in  l.O(H>.0O0 
pjvrts  of  water  ia  etil!  perceptible),  i*i  slightly  fFoluble  in  wat^r,  nnd  fear* 
iully  i^fcoisonouB.  It  disgolves  in  hot,  and  eumewhat  dilute  spirit,  but  not  ia 
abjtolule  alcoliol,  ether,  or  i«olutJon  of  cauf>1jc  alkuli.  Thi;^  alkaloTil  may  b« 
readily  identified  by  moistening  a  crj jttul  with  eoncentrftte<l  jfulphnric  >idd, 
and  adding  to  the  lifiuid  a  crystal  of  pota^eium  bichromate,  when  a  deep 
Tiotet  tint  is  produced,  which  dlsnppearis  after  ^onie  time.  Strychniae 
forms  with  acids  a  peric!*  of  well 'defined  palts,  which  were  examined  bj 
MeHe<irB.  Nicholson  and  Abel,  who  eaiabUdbed  for  strychnine  Iba  fonutUJi 
C,.1I„N,0^ 

Strychnine  forms  with  ethyl  iodide  a  crystalline  compound,  C„IIj,(C^ 
K;jO(l,  conrerted  by  giher  oxide  into  a  soluble  base. 

Jjnirmr,  C^U^'S^O^,  is  eiiaily  distinguiithed  from  the  prr  ?  '  '  -  -nbitaDCe, 
which  it  mucli  rvsenibles  in  many  re}*pcci§,  by  it^  rendy  in  alco- 

ho!,  both  hydrnted  nnd  absolute.     It  disaolTes  aUo  in  al . ..  parii  «f 

hot  water.    The  salts  of  brucine  arci  fortbe  moat  part,  cry 9t«IU table. 

Taratrinei  or  Veratrla,  <^5-/Hj^N,0g,  is  obtained  from  the  see«I^  rtm 

tahadiUn.     In  the  pure  plate  it  is  a  white  or  yellowish -white  |  oh 

has  a  fshnrp  burning  tai^te,  and  i^  Tery  poiBonoufl,  It  is  rciiunMUMr  lor 
occasioning  violent  »nee?.ing«  It  \%  int^olnbte  in  wiiter,  but  diy^suheB  in  hat 
alcohoL  in  ether,  and  in  acida:  the  solution  has  an  jiiizuiinf  rcni  liori 

A  su>>i*tance  caUed  eotchiemf,  extracted  from  the  '  ind 

foriiterly  confounded  with  veratrine,  19  now  congidvi 
ia  still  imperfect. 

Harmalina.  ^^laHuN/). — Tbig  compound  ia  extracted  by  dilute  aei 
acid  from  the  seeds  of  the  Frganttm  homtata^  a  plant  which  gtows  ahun 
duntly  un  the  .Steppes  of  Southern  Kus^a,  and  the  seed*  of  which  fire  Ui^J 
in  dyeing.  When  pure,  it  forms  yellowish  prismatic  crysttnU,  noluKle  la 
alcohol  and  dilute  acids,  but  scarcely  forming  crystalliiable  sulfa.  By  oxi- 
datiun  it  givvs  risf>  to  another  compound^  harmme^  C^^^i^Hji},  whicD  also 
possesses  baaio  propertiea* 

Gafieiaet  or  Theine,  C^IIi^N^Oj.  —  This  renmrknblc  substance  occur**  in  four 
arlitk'H  of  doiuei't\c\\Ve,  lufusionB  of  which  are  used  as  beTerages  o^er  ilif 


ffreater  part  ot  ibe  Uii^iViW  N«oTV\^w%.\u*tV3,vw\tw,  and  coffee,  in  th«  leairef 


.nd 


THSOBBOMINS  — XANTHINK.  757 

it  will  probably  be  found  in  other  plants.  A  decoction  of  eommon  tea,  or 
of  raw  coffee-berries,  preyiously  crushed,  is  mixed  with  excess  of  solution 
of  basic  lead  acetate.  The  solution,  filtered  from  the  copious  yellow  or 
greenish  precipitate,  is  treated  with  sulphuretted  hydrogen  to  remove  the 
bad,  then  filtered,  eyaporatcd  to  a  small  bulk,  and  neutralized  by  ammo- 
nia. The  caffeine  crystallizes  out  on  cooling,  and  is  easily  purified  by 
animal  charcoal.  It  forms  tufts  of  delicate,  white,  silky  needles,  which 
liaTe  a  bitter  taste,  melt  when  heated  with  loss  of  water,  and  sublime  with- 
out decomposition.  It  is  soluble  in  about  100  parts  of  cold  water,  and 
mach  more  easily  at  the  boiling  heat,  or  if  an  acid  be  present.  Alcohol 
also  dissolves  it,  but  not  easily.  The  basic  properties  of  caffeine  are  fee- 
ble. The  salts  which  it  forms  with  hydrochloric  and  sulphuric  acids  are 
obtained  only  with  difficulty.  It  forms,  however,  splendid  double  salts 
frith  platinum  tetrachloride  and  gold  trichloride.  The  products  of  oxida- 
tion of  caffeine,  which  have  been  studied  by  Rochleder,  are  of  considerable 
interest,  inasmuch  as  both  their  composition  and  their  properties  establish 
n  close  connection  between  these  products  and  the  derivatives  of  uric  acid. 
Under  the  influence  of  chlorine,  caffeine  yields  amalic  acid,  a  substtincc  of 
feebly  acid  properties,  having  the  composition  of  hydrated  tetramethyl- 
allozantin,  O0(CH,)4N^Oj .  Aq.  When  treated  with  oxidizing  agents,  it 
jields  cholettrophane^  C^H^N^Og,  corresponding  to  parabanic  acid  of  the  uric 
acid  series.  Cholestrophane  may  be  viewed  as  dimetbyl-parabanic  acid ; 
it  has,  in  fact,  been  obtained  by  digesting  silver  parabanate  with  methyl 
iodide : 

C,Ag^,0,  +  2CIT,I  =  2AgI  +   CJI,N%0^ 

Lastly,  the  murexide  of  the  caffeine  series  is  formed  by  the  treatment  of 
amalic  acid  with  ammonia,  exactly  as  the  true  murexide  from  uric  acid  is 
formed  by  the  action  of  ammonia  upon  alloxantin.  The  new  murexide 
imitates  its  prototype,  not  only  in  composition,  but  likewise  in  the  green 
metallic  lustre  of  its  crystals,  and  the  deep  crimson  color  of  its  solutions. 

Theobromine.  —  The  seeds  of  the  Thcobroma  Caeaoy  or  cacao-nuts,  from 
which  chocolate  is  prepared,  contain  a  crystallizable  principle,  to  which 
this  name  is  given.  It  is  extracted  in  the  same  manner  as  caffeine,  und 
forms  a  white,  crystalline  powder,  which  is  much  less  i*oluble  than  the  luKt- 
named  substance.  It  contains,  according  to  Glasson,  C^HgN^O,.  Theobro- 
mine is  easily  soluble  in  aqueous  ammonia ;  by  adding  silver  nitrate  to  this 
solution,  and  boiling,  a  crystalline  precipitate  of  silver-theobromine,  0,11^ 
Ag^fi^  is  obtained.  By  treating  this  silver  compound  with  methyl  iodide, 
Strecker  obtained  silver  iodide  and  caffeine :  C^IIf  AgN^O,  -j-  ^^U^  =  -'^K^ 
~f~  ^^xQ^fiv  which  may  be  extracted  with  alcohol.  Caffeine  must  there- 
fore be  regarded  as  methyl-theobromine.  The  products  obtuincd  from 
theobromine  by  oxidation  appear  to  be  homologous  with  several  terms  of 
the  uric  acid  series. 

Xanthine,  C^H^N^O^  — Xanthine  was  first  described  by  Dr.  Marcet  under 
the  name  of  xanthic  oxide,  which  he  dipcovered  an  a  constituent  of  urinary 
calculi;  recently  it  has  been  found  among  the  products  of  the  decomposi- 
tion of  guanine.  It  is  present  in  nearly  every  part  of  the  animal  organism, 
and,  although  in  very  minute  quantities,  in  urine. 

Xanthine,  according  to  Strecker,  may  be  prepared  with  the  greatest 
facility  from  guanine  (p.  768).     Potassium  nitrite  is  added  to  a  solution  of 
guanine  in  concentrated  nitric  acid  until  a  powerful  evolution  of  rotl  fiimos 
takes   place:  the  solution  is  then   mixed  with  a  larpo  (\u;\t\iU'5  ^^  vs-sAs^t^ 
whereby  a  yellow  substance  is  precipitated,  whVcVi.  u^<^T  vjti'!\v\xi^  v«\K\\  n^^jw- 
ter,  is  digBoJredin  ammonia.    A  Bolution  of  fcrroMft  ^MX'oVi^V^ \^ ts^vn  ^^^sA. 
64 
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until  a  black  ppucipitatc  of  iron  oxMe  begins  lo  appear. ♦  The  BrtiH  pawrr- 
fully  aiu(»oniacal  solution  is  fiUeriMl  nrid  (tVApariitei)  (o  dryup&s ;  and  the 
residue  is  extracted  with  wfiter  in  order  to  Bepnratethe  lunmoniuiTi  ^ulpbate; 
tijeu  diHSoHc'd  in  ammoniii,  lind  eruporaled.  Xntitliinc  in  a  white,  Am<ir> 
phous  povvdtr,  difficultly  soluble  in  water,  soluble  in  acid?,  with  whkh  il 
forma  crystalline  eoiupounds.  The  sulphutc  has  the  compo^ilioii  •^^jH^Xi 
0,.  S(\Hj.^  Xaiiihtne  diBsolves  with  facility  in  ammonia  and  polnsh.  Its 
characterii^tio  properly  'i»  to  dissolvo  without  evolution  of  gaa  in  nitric  ndd, 
ttud  to  give  on  evaporation  a  deep-yellow  residue,  which,  on  addition  of 
ammonia  or  Eiolution  of  potash,  a£8umea  a  yellow-red  color,  Jiy  Ircalmefii 
of  fiilver-xanthino^  CaHjAgjN^lfj,  with  methyl  iodide,  Sirecker  obtain^d  a 
body  ifiomenc  with  theobromine^  differing^  liowever,  in  its*  properties  froiB 
that  substanco: 

8&rclae  (Ilypoxanthine),  C^H^N^O.  —  This  base  is  a  constituent  of  llio 
flesh  of  veriebrJita.  It  is  best  |ircpnred  from  the  mother-liquor  of  eremtin 
(p.  902).  by  diluting  with  water  iind  boiling  with  cupHc  acetate,  ivbereby 
the  sarcinc  ia  precipitated  in  combination  with  cupric  oxide.  This  preci- 
pitate in  tliijsolved  in  nil rtc  acid  and  mixed  wilh  stiver  nitrate;  the  crys- 
tals, a  compound  of  sarciuc  nil  rate  with  silver  nitrate,  are  purified  by 
re-eryMallizAtion  from  niirio  acid,  and  are  then,  by  ebullitioa  with  an  an- 
moiiiacal  solution  of  silver  nitrate,  converted  into  the  compound  of  »arcine 
wiih  silver  oxido,  C^HiN^O ,  AgjO,  which  ia  decomposed  by  aulphuretied 
hydrogen. 

Harcine  forma  dclicftte  white  microscopic  needles,  difficultly  soluble  in 
Cold  water,  easily  soluble  in  boiling  water,  in  dilute  acids,  ammonia,  pot- 
ash, and  baryta- water.  8arcine  fonuB  cry  st  alii  sable  salts,  containing  1 
equivalent  of  acid.  It  unitea  with  bases,  like  guanine^  forming  crystaUiBt 
cOQipouiids  containing  2  equivalents  of  metallic  oxide. 

Gnaninei  CjHjN^O, — This  base  was  first  obtained  from  gitano;  It  Km 
ftlso  been  proved  to  exii<t  in  the  pancreatic  juice  of  mammalia,  and  in  the 
excrement  of  the  spider.  To  prepare  it,  guano  is  boiled  with  water  and 
calcium  hydrate  until  a  portion  of  the  liquid^  when  filtered,  sppears  but 
tilighily  colored:  the  whole  in  then  filtered,  and  the  filtrate  saturated  with 
acetic  acid-  whereby  the  guanine  ia  precipitated^  mixed  with  nric  acid,  ll 
la  purified  by  solution  In  hydrochloric  acid  and  precipitation  by  ammonta. 

Guanine  is  a  colorless,  crystalline  powder,  insoluble  in  water.  aleohoU 
ether,  and  amnionin.  soluble  in  acids  and  solution  of  potash.  With  acids 
it  forma  cryst  alii  stable  salts  containing  I  and  2  equivalents  of  acid:  it  com- 
bines with  bases  to  crystaUiuo  compounda  conlAining  2  equivalents  of  metal- 
lic oxide. 

Guaniue,  sarcinc,  and  xanthine  bear  a  great  resemblance  to  each  other, 
and  are  all  found  in  the  tinimjil  orgftiiieru.  Ouuuine,  on  account  of  its  in- 
solubility in  water  and  ammonia,  may  easily  be  separated  from  the  two 
other  Huttstaaees.  To  separate  xanthine  and  sarcine,  they  arc  converted 
into  the  iiydrochlorides,  which  are  trented  with  warm  water:  xanthine  by- 
droeliloride  is  so  liUle  soluble  in  that  liquid,  that  it  may  easily  be  aeparated 
from  the  admixed  sftrcine  hydrochloride. 

Gnanidine,  f'TTj^N,  — This  substance  is  prepared  from  gnnnine-  Gtianiiit 
is  treiitcil  wiih  hydrochloric  acid  and  potassium  chlorate,  whereby  it  is  con- 
verted inio  a  mixture  of  giianidiue  and  piirabanic  acid-  As  soon  lis  tht 
ITitnnfne  h  cotnplclely  dissolved,  the  liquid  is  evaporated  till  the  parabanie 

•  Th#»  trrnttrtcnt  of  pn&nlu^  "w\\\^  T\\\t\'-  ^^^  ^^«  ^^  ^'^  iwiWxSt^*  »»A  ittttmianllrinis^  wHfldb 
by  th*'  action  orTi'rtticln»  ag<>^ta\t  cotvwX^A  Vt^xo  w»sa»!«a».  ItewduR  v«M»nm>-  -  - 
•alt  lor  tbli  purpose. 
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aoid  has  oryttallised  out.  The  mother-liquor  is  treated  with  a  mixture  of 
alcohol  and  ether,  which,  separated  from  the  residue  and  evaporated, 
yields  on  evaporation  the  crude  guanidine  hydrochloride.  The  hydro- 
chloride may,  by  digestion  with  silver  sulphate,  be  converted  into  the 
sulphate,  and  the  latter  finally  into  the  free  base  by  addition  of  baryta- 
water. 

Guanidine  thus  prepared  forms  colorless  crystals,  readily  soluble  in  water 
and  alcohol ;  the  solution  has  a-  powerfully  alkaline  reaction.  It  absorbs 
carbonic  acid  from  the  air,  forming  a  carbonate  'ICH^'S^.  IjUCO,,  which  has 
an  alkaline  reaction,  and  crystallizes  in  square  prisms.  The  transforma- 
tion of  guanine  into  parabanic  acid  and  guanidine  is  represented  by  the 
following  equation : 

CfiHfiNjO     -h    O,    +     n,0    =     C,H,N,0,    +    CH^N,    -f    CO,. 

Triethylguamdme.  —  The  action  of  sodium  alcohol  upon  ethyl  cyanate  or 
oyanurate  gives  rise  to  a  base  having  tlie  composition  CflliyN^,  which  is 
that  of  triethylguanidine  (carbotriethyltriamine).  It  is  formed  according 
to  the  following  equation : 

8CN(CgH,)0  +  2C,H5NaO  =  C,H„N,  -(-  2C,n^  +  CO,  +  Na,CO,. 

Craatin,  C^H^N^O,  .  2  Aq. —  Creatin  was  first  observed  by  Chevrcul,  and 
has  been  studied  very  carefully  by  Liebig,  who  obtained  it  from  the  soup 
of  boiled  meat.  It  is  prepared  from  the  juice  of  raw  flesh  by  the  follow- 
ing process:  A  large  quantity  of  lean  flesh  is  cut  up  into  shreds,  exhausted 
by  successive  portions  of  cold  water,  strained  and  pressed.  The  liquid, 
which  has  an  acid  reaction,  is  heated  to  coagtilate  albumin  and  coloring 
matter  of  blood,  and  passed  through  a  cloth.  It  is  then  mixed  with  pure 
baryta-water  as  long  as  a  precipitate  appears,  filtered  from  the  deposit  of 
phosphates,  and  evaporated  in  a  water-bath  to  a  syrupy  state.  After 
standing  some  days  in  a  warm  situation,  the  creatin  is  gradually  deposited 
in  crystals,  which  are  easily  purified  by  re-solution  in  water  and  digestion 
with  a  little  animal  charcoal.  * 

When  pure,  creatin  forms  colorless,  brilliant,  prismatic  crystals,  which 
become  dull  by  loss  of  water  at  100°.  They  dissolve  readily  in  boiling 
water,  sparingly  in  cold  water,  and  are  but  liitlc  soluble  in  alcohol.  The 
aqueous  solution  has  a  weak  bitter  taste,  followed  by  a  somewhat  acrid 
sensation.  In  an  impure  state  the  solution  readily  putrefies.  Creatin  is  a 
neutral  body,  not  combining  either  with  acids  or  with  alkalies.  In  the. 
crystallized  state  it  contains  C4HgN30, .  211,0. 

Creatinine,  C^H^NjO.  —  By  the  action  of  strong  acids,  creatin  is  converted 
into  creatinine,  a  powerful  organic  base,  with  separation  of  the  elements  of 
water.  The  new  substance  forms  colorless  prismatic  crystals,  and  is  much 
more  soluble  in  water  than  creatin :  it  has  a  strong  alkaline  reaction,  and 
forms  crystallizable  salts  with  acids 

Creatinine  pre-exists  to  a  small  extent  in  the  juice  of  flesh,  together 
with  lactic  acid  and  other  bodies  not  yet  perfectly  examined.  It  is  also 
found  in  conjunction  with  creatin  in  urine. 

Bareosine,  CjH^NO,,  formed  by  boiling  creatin  with  baryta-water,  has 
the  composition  of  methyl-glycocine  or  mcthyl-amidacetic  acid,  C2^'4(^''f3 

NO,,  and 

(p.  614). 

*  Th»  mother-liqiiid  from  flwh  fW>m  which  the  cretin  has  been  deponitod  contains  amonf? 
othfY  thiugti,  a  new  acid,  tho  xnofinie.  the  aqueons  Hohition  of  which  rcfufieii  to  cr);«lvv\Vvi».   \\. 
baa  a  Ktrong  acid  rraction.  and  ia  precipiut«d  in  a  while  axaotvYko\x«  cau"\\^^o\l^J^  M^K.v^jkttV  ^^. 
probably  contabu  Cu^mS^, 


760     PHOSPHORUS,  ANTIHOKT,  AND  ARSENIC  BASKS. 

Berberine,  OgH^NOg,  is  a  Bubstanee  erystallizing  in  fine  yellow  needld^ 
slightly  soluble  in  water,  extracted  from  the  root  of  the  Berberu  vulffmrit. 
It  has  feeble  basic  properties.  This  must  not  be  confounded  with  bebeerme^ 
an  uncrystallizable  basic  substance,  ft'om  the  bark  of  the  green-heart  tree  of 
Guiana,  which  has  the  composition  C,,H,,N03. 

Piperine,  Cg4lI|gN,0«.  —  A  colorless,  or  slightly  yellow  cry stallizable  prin- 
ciplc,  extracted  from  pepper  by  the  aid  of  alcohol.  It  is  insoluble  in  water. 
Piperine  readily  dissolves  in  acids;  definite  compounds  are,  however,  dif- 
ficult to  obtain. 

Conine  (Coniciney  or  Conia),  Nieotiiie,  and  Sparteine  differ  fVom  the  other 
vegetable  bases  in  physical  characters;  they  are  rolatile  oily  liquids.  The 
first  is  extracted  from  hemlock,  the  second  f^om  tobacco,  and  the  third 
from  broom  {Spar Hum  Seoparium),  They  agree  in  most  of  their  charaeters, 
having  high  boiling  points,  very  poisonous  properties,  strong  alkaline  reac- 
tion, and  the  power  of  forming  crystallizable  salts  with  aoids.  The  for- 
mula of  nicotine  is  CjoHj^N,;  that  of  conine,  G|H,jN;  and  that  of  sparteine, 

Closely  allied  to  conine  is  eonhydrine^  C,H,fNO,  a  crystalline  hase,  ex- 
tracted by  Wertheim  from  hemlock.  When  distilled  with  anhydrous  phos- 
phoric acid,  it  splits  into  conine  and  one  molecule  of  water. 

A  mixture  of  nicotine  with  methyl  or  ethyl  iodide  solidifies  after  a  short 
time  to  crystalline  masses,  containing C]oHj4(CH3)^,Iy  ftn<iC|QH,4(G|Hg),N,Iy 
convertible  by  silver  oxide  into  soluble  bases. 

Conine  is  a  secondary  mounmine.  Treated  with  ethyl  iodide,  it  yields 
successively  two  iodine-compounds  —  namely,  CgH,g(Cjn5)NI  and  C|H,^(C| 
Hj)^^!.     The  latter  is  converted  by  silver  oxide  into  a  soluble  base. 

There  arc  very  many  other  bodies,  more  or  less  perfectly  known,  having 
to  a  certain  extent  the  properties  of  alkaloids:  the  following  statement  of 
the  names  and  mode  of  occurrence  of  a  few  of  them  must  suffice. 

Ilyoscyamine  (Dalurinc).  —  A  white,  crystallizable  substance,  from  Hyos- 
cyamus  niger  ;  it  occurs  likewise  in  Datura  Stramonium. 

Atropine.  —  Colorless  needles,  from  Atropa  Belladonna ;  formula  Cj^H^jNO,. 

Solanine.  —  A  pearly,  crystalline  substance,  from  various  solanaceoua 
plants;  formula  C«H„NO,,  (?)  (p.  582). 

Aeonitine.  — A  glassy,  transparent  mass,  from  Aconitum  Napellus  ;  formula 
C,oH„NO,. 

JJelphinine.  — A  yellowish,  fusible  substance,  from  the  seeds  of  Delphinium 
Staphisayria. 

Emetine.  — A  white  and  nearly  tasteless  powder  from  ipecacuanha  root. 

Curarine.  —  The  arrow-poison  of  Central  America. 


III.  —  Phosphoms,  Antimony,  and  Artenie  Baiea. 

Phosphorus,  antimony,  and  arsenic  being,  like  nitrogen,  either  trivalent 
or  quinquivalent,  are  capable  of  forming  compounds  analogous  to  the  amines 
and  the  compound  ammonium  salts.  A  few  of  these  remarkable  compounds 
will  be  briefly  described  in  the  following  paragraphs. 


PHOSPIIINES. 
Paul  Th^nard,  by  paawiift  \.\i^  ^^.-^qt  oiT  tsl^IKyI  chloride  over  calcium 
Dhosphide  healed  to  abouV.  \^fiP  C.  V^^"*  ^.^,^\^iM«d.  ^\i^aX»x^K),^^hQS- 
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phoretUd  bodies,  from  which  he  separated  three  compounds  believed  to 
correspond  in  composition  with  the  three  hydrides  of  phosphorus  (p.  215), 
Tix.,  P-(CH,j,  P(CHg)y  and  P(CH,),;  these  bodies  were,  however,  but  very 
imperfectly  investigated.  More  recently  Cahours  and  Hofmann,  by  sub- 
jecting sine -methyl  and  zinc-ethyl  to  the  action  of  phosphorus  trichloride, 
have  obtained  saline  compounds,  from  which,  by  distillation  with  potash, 
the  bases  P(GH3),  and  PCC^Hf)^  analogous  to  the  tertiary  monamines,  may 
be  liberated ;  thus : 

8Zn(CaH5),      +      2PC1,      =      8ZnCl,      +      2P(C,H5),. 
Zinc-ethyl.  Triethyl-phosphine. 

Thriethylphosphina,  Cfi^  ==  P(C,Hg)3.  —  This  substance  is  a  colorless 
oil  having  a  very  penetrating  phosphorus  odor,  and  boiling  at  133".  It  is 
slowly  oxidized  in  atmospheric  air.  The  vapor,  heated  with  air  or  oxygen, 
explodes.  In  chlorine  gas  it  burns  with  separation  of  carbon,  hydro- 
chloric acid  and  phosphorus  pentachloride  being  produced.  With  acids 
it  forms  crystalline  compounds,  which  are  very  deliquescent  With  iodide 
of  methyl,  ethyl,  and  amyl,  it  solidifies  after  a  few  moments  to  crys- 
talline compounds,  containing  respectively  P(CgH,),(CH,)I,  PfC^Hi)^,  and 
P(C2H.),(C^H|j)I,  which  are  decomposed  by  silver  oxide,  yielding  power- 
fully alkaline  liquids,  containing  the  hydrates  P(C2H^),(CH,)(0H),  P(C,n5)4 
(OH),  and  P(CgH5),(C)H,|)0H,  which  in  every  respect  resemble  hydrate  of 
tetrethyl  ammonium  and  its  homologues. 

Trimethylphosphine,  C,H,P  =  P(CH,),.  —  This  substance  is  very  similar 
to  the  corresponding  ethyl-base,  but  more  volatile.  When  left  in  contact 
with  atmospheric  air,  it  forms  an  oxide  which  crystallizes  in  beautiful  white 
needles.  With  iodide  of  methyl,  ethyl,  and  amyl,  it  yields  the  iodides 
P{CH,)J,  P(CH,),(C,H5)I,  and  P(CH,)j(Cjnii)I,  from  which  three  analogous 
hydrates  may  be  produced  by  means  of  silver  oxide. 


ANTIMONY  BASES  or  STIBINBS. 

Trietbylstibine,  or  Stibethyl,  Sb(C,Hj),,  is  obtained  by  distilling  ethyl 
iodide  with  an  alloy  of  antimony  and  potassium.  It  is  a  transparent,  very 
mobile  liquid,  having  a  penetrating  odor  of  onions.  It  boils  at  158°  C. 
(310°  F.).  In  contact  with  atmospheric  air,  it  emits  a  dense  white  fume, 
and  frequently  even  takes  fire,  burning  with  a  white  brilliant  flame.  It  is 
analogous  in  many  of  its  reactions  to  trietbylamine,  but  has  much  more 
powerful  combining  tendencies,  uniting  readily  with  two  atoms  of  chlorine, 
bromine,  or  iodine,  and  1  atom  of  oxygen  or  sulphur,  thereby  forming 
compounds  in  which  the  antimony  is  quinquivalent,  such  as  Sb^(C2H5),Cly 
8b*(C2H.)2|0^^,  &c.  The  same  tendency  to  act  as  a  bivalent-radical  is,  how- 
ever, exhibited  by  trietbylamine,  which,  though  it  does  not  unite  directly 
with  elementary  bodies,  can  nevertheless  take  up  a  molecule  of  hydrogen 
chloride,  ethyl  iodide,  &c.,  likewise  producing  compounds  in  which  the 
nitrogen  is  quinquivalent,  «.^.,  N'(C,H5)3HCl,  N»(C5n4),(C,Hg)I,  &c. 

Stibethyl  ozide^  Sb(C,Hg),0,  forms  a  viscid  transparent  mass,  soluble  in 
water  and  alcohol.  It  is  extremely  bitter  and  not  poisonous.  It  cannot  be 
volatilized  without  decomposition.  It  combines  with  acids,  giving  rise  to 
crystallizable  salts  containing  two  equivalents  of  acid. 

Stibethyl  sulphicU^  Sb(C,H5),S.  —  Beautiful  crystals  of  silvery  lustre,  solu- 
ble in  water  and  alcohol.     Their  taste  is  bitter,  and  their  odor  similar  to 
that  of  mercaptan.     The  solution  of  this  compound  ^iLV\\\yvV%  V)cv^  \^:^^tV.- 
ment  uf  an  alkaline  suiphide :  it  precipil&lea  iii<iVa\&  IxQm  VX\.^vt  ^OoxNAVttv^ 
04  * 
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»fl  sulphides,  ft  Boluble  suit  of  Btibethyl  being  forinetl  nt  the  nnme  Om6, 
This  deportment.,  indeed,  mffordt  the  auiiplt«st  niesiiB  of  preparing  the  a^lti 
of  St  i  be  thy  I. 

Stihefhift  chloride^  Sh[C.fi^)J[^\^. — Colorless  liquid  haTing  the  adar  of  tur- 
peoUne  oil. 

tSfifjcthf/l  iodide,  SbjCJlj^jT,.  —  ColoHess  ni?ed!tHJ  of  intensely  T  -ic. 

The  nnalogy  of  trietbyhtibini!  with  iriotliylnniiuc  is  bctst  cxt  its 

deporiiiieiit  wiih  ctliyl  iodide.  The  two  subAtanecH  combine.  Wh  i^,,*^^  ,,  i.uw 
iiHlidt\  ciminming  8b(t'jH^)^I,  from  which  silver  oxidt;  t«ppartvtes  &  powerful 
iilkaliiic  basse  uniiioguua  to  icLrethyl-aQimotitum  bydr&te: 

A  series  of  annlogoua  ttubslfiQeca  rxiat  in  the  methyl  series.  They  biiff 
been  exnrnitied  by  LuuiloUt  wlici  has  described  sevvriil  of  their  conipounds, 
find  aepuruieii  the  melhyl-ttntiioony-biisc  corresponding  to  tetianielliyt- 
MIH1H1I1U1II1  hydmte. 

Tlae  todidr^  8b(0HJJ,  produced  by  the  nctjon  of  methyl  iodide  upon  trS- 
mothylr'ribiiH^  Sb((llj)j,  crynialliies  in  white  Pix-fiided  tjiblcs,  which  ftre 
tjuaily  soluble  ill  watti'  imd  nlcohol,  and  slightly  (soluble  in  ether.  It  hsj 
u  very  bitter  tasle^  nnd  is  decomposed  by  the  uction  of  heat.  M  h^n  trenfeil 
wilh  silver  oxide»  it  yielils  a  powerftilly  alkuline  golution,  exhibiting  ilII  the 
properties  at  polash,  from  which,  on  evnporivlion.  n  white  crystalline  niAiSf 
I  he  fit/ffrntf  f>/  trtrmnffhthhlnmium^  i^\\\V\\^)^[i)\\),  orys«tallif.es.  This  com* 
pMuiid  foriiiK  fin  acid  nv\l  with  sulphuric  neid^  which  crystallixes  id  tAbles. 
It  contuiua  Sb(Cllfl)^MSO^, 
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TriothykTiine,  AH(CJlg),.  is  prtnliiccd  by  di.s!ilHi»g  an  iilloy  uf  nrtenii 
and  »4uiiiiirn  with  ulliyl  Jtididu.  At  tlie  emiiie  lime,  iil:«o,  there  iti  fgrmed  an- 
ntlitr  b«dy,  contwiiiinf^  ^^^^^^  jt^'s)**  niialogon^  <u  nrti ndiiijelliyl  or  CACudyb 
Until  t'ompMninl^s  live  lii|uid»  ot  powerful  *>dijr;  lliey  UKiy  bo  Aepur»rifd  by 
ciisitilliiliun  in  an  uttno&pherc  of  curbon -dioxide,  the  triethyUrsiiiie  passing 
over  bwt, 

Trietliylnrsine  rnay  be  obt»ined  pure  by  ft  process  an&lo|roas  to  that  em* 
ployetl  for  the  prepnnition  of  tnetiiylphofphiue.  nnmely,  by  distilling  ame- 
nituii^  chloride,  As^ilj,  wilh  iino-t?tliyb  U  »«  h  cob>rle*»  liquid  of  most  dis- 
iigreenhle  odor,  !^iniibtr  lo  Ihrtt  of  Hr!»enelted  hydrogen,  soluble  in  wiitcr, 
alcohol,  and  ether,  ami  hnilitig  at  ^4i}^.  TriethylnrMine  coffibines  directly 
with  oxygen,  sfulphuFt  bromine,  nnd  iodine,  giving  n>e  to  n  series  of  com- 
pounds  contftining  li  ntouis  of  brnniine  w  iodine.  I  ntoin  of  eiilphiir  or  oxy- 
gen, and  analiogotiii  lo  the  corre^poii<Iing  compounds  of  Irieihyislibinc. 

Trtethylnrsine  j«ubmitled  1o  thenelion  of  ethyl  iodide  yields  a  cryHalTinn 
compound ,  A!i(CjH^)  J,  from  which  freshly  precipitated  aiWer  oxide  sepa- 
rates the  corresponding  hydrnle,  A!»(CjIi5)^OH,  n  powerfully  alkaline  sub- 
slam  «,  similar  to  the  corresponding  nitrogen-,  pbos*phoru8-,  and  untitnony- 
com  pounds 

Analogous  substances  eiist  in  the  methyt  series.  TrimetbyUrstoe, 
A8{CH5),,  is  formed,  together  with  arsendiTnethyf  or  cacodyl,  Afi,(CHj^ 
when  an  alloy  of  arsenic  and  sodium  ih  sobmiHed  lo  ihe  action  of  loi  li 
iodide.  It  unites  n-ilh  methyl  iodide,  producing  tetrfimethybirseniwtl 
iodide.  AsfCH^v^l,  from  which  silver  oxide  i^epn rates  the  hydrati,  As<CII^)| 
0\\,  Tlio  ioilidejjU'st  mentioned  ih  formed,  together  with  iodide  of  cneodyly 
when  cacudyl  is  iiclvd  uv«*^v\^^  \v\ev\^^\  WVW*'. 
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Bj  Bubfltituting  ethjl  iodide  for  methyl  iodide  in  this  re&otion,  the  com* 
pound  A8(CUf),(C^5),I  is  formed.  AU  these  iodides,  treated  with  moist 
siWer  oxiae,  yield  the  corresponding  hydrates. 

Arsendimethyl  and  arsenmonomethyl  will  be  most  oonyeniently  described 
in  this  place,  though  they  do  not  strictly  belong  to  the  ammonia  type,  at 
least  when  in  the  free  state.       ^ 

A8W(CH,), 

Artendimethyl  or  Cteodjl,  A8.(CH.)4,  or  |  .  —  The  arsenic  in 

A8''^(CH,), 
this  compound  is  still  triyalent,  one  unit  of  equivalence  of  each  of  the 
arsenic-atoms  being  satisfied  by  combination  with  the  other,  just  as  in  the 
solid  hydrogen  arsenide,  As^H^  (p.  428).  When,  however,  the  arsendi- 
methyl combines  with  chlorine  or  other  monatomio  radicals,  the  molecule 
splits  into  two ;  thus : 

A8(CH,),        +        CI,        =        2AS'^^(CH,),C1. 

Cacodyl,  so  called  from  its  repulsiye  odor,  constitutes,  together  with  its 
products  of  oxidation,  the  spontaneously  inflammable  liquid  known  as  (7a- 
det*9  fuming  liquid^  or  Alkartin.  This  liquid  is  prepared  by  distilling  potas- 
sium acetate  with  arsenious  oxide.  Equal  weights  of  these  two  substances, 
both  well  dried,  are  intimately  mixed  and  introduced  into  a  glass  retort 
connected  with  a  condenser  and  tubulated  receiver  cooled  by  ice,  a  tubo 
being  attached  to  the  receiver  to  carry  away  the  permanently  gaseous  pro- 
ducts to  some  distance  from  the  experimenter.  Heat  is  then  applied  to  the 
retort,  which  is  gradually  increased  to  redness.  At  the  close  of  the  opera- 
tion, the  receiver  is  found  to  contain  two  liquids,  besides  a  quantity  of  re- 
duced arsenic :  the  heavier  of  these  is  the  crude  cacodyl ;  the  other  consists 
chiefly  of  water,  acetic  acid,  and  acetone.  The  gas  given  off  during  the 
distillation  is  principally  carbon  dioxide.  The  crude  cacodyl  is  repeatedly 
washed  bv  agitation  with  water  previously  freed  from  air  by  boiling,  and 
afterwards  redistilled  from  potassium  hydrate  in  a  vessel  filled  with  pure 
hydrogen  gas.     AU  these  operations  must  be  conducted  in  the  open  air. 

Pure  cacodyl  is  obtained  by  decomposing  the  chloride  with  metallic  zinc, 
dissolving  out  the  zinc  chloride  with  water,  and  dehydrating  the  oily  liquid 
with  calcium  chloride.  The  strong  tendency  of  cacodyl  to  take  fire  in  the 
air,  and  the  extremely  poisonous  character  of  its  vapors,  render  it  neces- 
sary to  perform  all  the  distillations  in  sealed  vessels  filled  with  dry  carbon 
dioxide.  Bunsen,  to  whose  skill  and  perseverance  we  are  indebted  for  the 
discovery  of  this  remarkable  compound,  proceeds  as  follows : 

1.  A  dilute  alcoholic  solution  of  alkarsin  is  cautiously  mixed  with  an 
equally  dilute  solution  of  mercuric  chloride,  avoiding  an  excess  of  the  lat- 
ter; a  white  crystalline,  inodorous  precipitate  then  falls,  containing  As, 
(CH,).©  .  HgCl,:  when  this  is  distilled  with  concentrated  hydrochloric  acid, 
it  yields  mercuric  chloride,  water,  and  cacodyl  chloride,  which  distils  over. 
The  product  is  left  for  some  time  in  contact  with  calcium  chloride  and  a 
little  quicklime,  and  then  distilled  alone  in  an  atmosphere  of  carbon 
dioxide. 

2.  To  obtain  free  cacodyl,  the  pure  anhydrous  chloride  is  digested  for 
three  hours  at  a  temperature  of  100°  with  slips  of  clean  metallic  zinc  con- 
tained in  a  bulb  blown  upon  a  glass  tube  previously  filled  with  carbonic 
acid  gas,  and  hermetically  sealed.  The  metal  dissolves  quietly  without 
evolution  of  gas.  When  the  action  is  complete,  and  the  whole  cool,  the 
vessel  is  observed  to  contain  a  white  saline  mass,  which,  on  the  adniiHsion 
of  a  little  water,  dissolyes,  and  liberates  a  heavy  oily  liquid,  live  <ivw<i.^^vVs\ 
itself.  This  is  rendered  quite  pure  by  distWAalion.  ixonv  «b  ^x^^  ojcvww'CxV'^ 
of  zinc,  the  prooeaa  being  conducted  in  lb©  \iU\©  \siY\)^TuX>aA  \Xvvi>N\i.  vsv 
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fig*  196,  which  is  made  from  a  piece  of  glass  lube,  and  Is  latcfidcd  to  i 

tlie  purpose  both  of  retort  and  rt'ctWer.  The  due  i^i  intrgiluccd  liito  the 
upper  bulb,  aud  the  tube  Uriiwn  out  in  the  mnnner  represented,  The 
whole  is  tiicu  tilled  with  carbon  dioxide,  and  the  lower 
extremity  put  into  comtnunication  with  a  little  hand- 
syringe.  On  dipping  the  point  a  tulo  the  crude  cacodjl. 
aud  tnnkifig  a  Blight  morcuient  of  exhauBtion,  the  U<juid 
in  drawti  up  into  the  bulb.  Both  extremities  are  then 
sealed  in  the  blowpipe  flame,  and  afler  a  abort  di^stioo 
at  IOC)'*,  or  a  little  above,  the  pure  cacodjl  is  distilled  off 
into  the  lower  bulb,  which  is  kipt  cool.  It  forms  a  color- 
less, transparent,  thin  iMitild,  much  resen^bling  alkarfin 
in  odor,  and  surpaseing  that  aubstniice  in  inflammability. 
When  poured  into  the  air,  or  in(u  osygin  ga*.  it  ignitci 
inistaully:  the  aame  thing  h^ppena  iriih  chlorine.  With 
very  limited  access  of  air  it  throws  off  while  fumes,  pata- 
iug  inJo  oxide,  aud  cTenlUftlly  into  cue*;  1      Caciy 

dyl  boils  at  170°  C.  (HSb"  f .),  and  wh^  '  -  — ^'C. 

.Mj,o  J.\),  cryHtalliies  in  large^  transpaic^.,  .-v,«»»ii  prumai 
II  cuuibincH  directly  aUo  with  sulphur* 
Cacodyl  la  decomposed  at  a  temperature  below  redness  into  merf^Allic  a?Mt- 
nic,  and  a  mixture  of  2  measureft  of  marsh-gas  and  1  measure  nf  eiheae 
gas- 

The  powerful  combining  tendencies  of  cacodyl  indicate  thai  it  is  an  aft* 
eaturated  compound :  it  can,  in  fact,  take  up  2  aiooiB  of  a  uit»tiiid  or  1  tlftt 
of  a  dyad  element^  forming  coRipoDnds  like  the  chloride.  A-    '  1  s 

2As(rHj),ri,  and  the  oxide,  At*,(rH,)^0,  in  which  the  arsenii  ntj 

or  again,  6  atoms  of  a  monad  or  S  aioriis  of  a  dyad  eUnient,  iirnnng  vvm' 
poundst  like  the  trichloride,  As,(rH,)/;i,  zr^  2AB^t-H,^,l'Jj,.  in  which  artcak 
is  (^ijinquiYalent.     These  last-mentioned  bodies  are  the  most  itahln  of 
the  cacodyl  compounds. 
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CAconTL  CHLOBtriE.  or  AnftitK-CHtononmrTiiini:,  Aa'''(Olf,),n,  pT^[ 
as  above  described,  is  a  colorless  liquid,  which  iloes  not  Tume  in  the  air, 
but  emit^  an  intensely  poisonous  va[K>r,  It  is  heavier  than  m'ater,  and  in- 
soluble  in  that  lir|iiid.  a»  also  in  ether;  alcohol,  on  the  other  liand^  dis- 
solves tt  with  facility.  The  boiling  point  of  this  compound  is  a  Tittle  abrrri 
liM)°;  its  vapor  is  colorless,  spontaneously  inflammable  in  the  atr»  and  has 
a  density  of  4-56,  Dilute  nitric  acid  dissolves*  the  chloride  without  change; 
with  (he  conccntralcd  acid,  ignition  and  explosion  occur,  Cacodyl  cbluHde 
combines  with  cuprous  fhlrtiide,  forming  a  white,  insoluble,  crystaUioe 
double  salt,  containing  Asj^ril^j^Clj  .  Cu'Xl,;  also  with  cacodyl  oxide, 

Cacodyl  chloride  forms  a  hydrate  whicu  is  thick,  viscid,  and  roadilj  de- 
hydrated by  calcium  chloride. 

CAroDTLTairnLORini,  A8»(CHj)jCl^  la  produced  by  the  action  of  phot* 
phorua  pentaohloride  on  cacodylic  acid: 

As'(CH,),0"iOn)  -f  2Pa^  =  Aa(CFr^),Cl,  +  2P0C1,  +  HCL 

Also  by  the  nciion  of  chlorine  gas  on  the  monochloride.  Prepared  by  the 
first  method,  ii  forms  splendid  hirge  prittmatic  crystals,  which  however  art 
very  uns(able,  being  inslaully  decomposed,  at  temperatures  between  40* 
and  50*»C.  ^li>4-12ll®  F.),  into  methyl  chloride  and  arsen-monomelhyl  chlo- 
ride : 

A8^(CH,),Cl,        .=        CHjCl         -f-         As'"(Cn,)a,, 

C^roT^TL  liii^iML,  ^s(^W^^,\,\*^  tw  V^\\1^,  '5%\\f*^\%VV\<\uvd,  of  ofr**iisive  odofr 
and  cutisideijiblo  t^vecvfkc   ^vttvW'j,  ^v^v^^f't^  ^^  ^\*\>»C\imi,  ^.ajwwmaa.  ^Uh 
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fltroni^  ftolatiQti  of  hyfirioflic  acid.  A  yellow  crypfalliin*  giibstance  is  formed 
at  the  »am«  rirat*^  wiiieli  is  an  oxyioUititi,  Cucodt/l  bromide  mid  jluondc  imvo 
Alao  beeu  obuitied. 

Cacodyl  Cyanidk,  As(CH3),CN,  ii  CAaily  formed  by  distilling  alkarsin 
with  strong  hydrocymiio  acid,  or  mercuric  cyanide.  Above  ;i2  7®  C.  (/.Ml** 
F. ),  it  is  a  ccdortesSf  ethfiroul  liquid,  but  below  that  temitoraturo  it  cryu- 
t4illiie»  m  eolork<»s  four-s!idi*d  prii^ni^^  of  beuuiifid  diamDud  lui^tre.  It  build 
at  about  14<PC.  (284*^  F, ),  tiiid  is  but  Bligbtly  8o1ubtt*  in  uater.  It  requires 
to  be  heatiHi  before  inHuuimntion  occurs.  TIio  vapor  of  I  his  aubjdance  is 
most  fearfully  |)(ii&onout! :  (be  almospliero  of  a  room  is  said  lo  be  i<o  far 
coiifiiininated  by  the  evaportition  of  a  few  grains  of  it  as  to  eauic  in«tan» 
taneoua  utimbuesa  of  the  bauds  and  feet,  Tcrtigu,  and  even  unconscious- 
ness. 

CAcoiiTt.  OxiPE,  As^'VCiy^O-''. —  Thi«  compound  is  formed  by  the  slow 
oxidation  of  cacndyb  When  air  is  albjwed  access  ta  an  aqueous  solution 
of  alkarsin,  «o  slowly  that  no  seni^ibk*  rise  of  teniperuinre  follows,  tbnt 
body  is  gradually  con  vert  i*d  into  a  thick,  syrupy  liquid,  full  of  cry  a  tula  of 
caeodylio  add.  On  disMolving  thia  muss  in  wnrer,  au^l  distiiUtij^,  water  liav- 
ing  the  odor  of  alknrsiu  pusses  over,  and  afterward  an  oily  liquid^  which 
is  thecacodyl  oiide.     Impure  cacodylic  acid  remains  m  the  retort. 

Cacodyl  oxide,  purified  by  rectification  from  caustic  baryta,  is  a  color- 
less, oily  liquid,  having  a  pungent  odor,  sparingly  soluble  lu  wsitcr,  iiiid 
boiling  at  llil^  C,  (*i4y^  F. ),  strongly  resembling  alkarsin  in  odor,  in  ilg 
rehitioti*!  to  solvents,  and  in  the  grealer  niiiiibtir  of  its  ronctioti^;  but  it 
neither  fumes  tn  the  air,  nor  takes  fire  at  common  t«mperaturc9 :  its  vapor 
mixed  with  air,  an<l  ht*aied  to  about  88*^  C.  (l'.H)°  F. ),  explodes  with  Tio- 
lence.  It  disf^olres  in  hydrochloric,  hydrobromic,  and  hydriodio  acids, 
forming  chloride,  bronude,  and  iodide  of  cacodyl. 

Cnet}fiyt  tlioxiik^  As,^iVU^)^0^,  is  tlje  thick  syrupy  liquid  produced  by  tho 
slow  oxidation  of  cacodyl  or  of  ulknrsin.  It  is  decomposed  by  water,  and 
then  yields  a  distillate  of  cacodyl  monoxide,  with  a  residue  of  cacodylio 
ftcid: 

2As,(CH,)^05,   +    Hfi   ^   A8,(CIIj),0   +   2As(CHj)jO(OH.) 

Cacodylic  Acin,  A8*(CH|),0''(0n),  also  called  Alkar^m.  —  Thh  is  tbo 
ultimate  product  of  the  action  of  omygcn  at  a  lo^f  temperature  upon  caco» 
dyl  or  alkar^in  in  presence  of  water:  it  is  best  prepared  by  adding  mer- 
curic oxide  to  alkarsin^  covered  with  a  layer  of  water  and  artificially 
cooled,  unlil  the  mixture  loses  all  odor,  and  afterward  decomposing  any 
nit-rcuric  cacodylate  lliat  may  have  buen  ftirmed,  by  the  cnuiiuus  aiidition 
of  more  alkar^^iu.  The  liquid  yields,  by  evaporation  to  dryness  and  solu- 
lion  in  aloolud,  crystals  of  cacodylic  acid.  TLe  sulphide  and  other  com- 
jiounds  of  caco»iyl  yield  the  same  eubstar.coou  expoi^ure  to  air.  Cacodylic 
iMsid  forms  brilliant,  colorless,  britlie  crystals,  which  have  the  form  of  a 
modifietl  square  pri^^m  :  it  is  permanent  in  dry  air,  but  deliquescent  in  a  moist 
ntmoiHjiherc.  It  is  not  at  all  poisonous,^  thou^^h  it  contains  more  than  bi}  per 
cent,  of  arsenic.  It  is  very  soluble  in  wiiter  and  in  ahiohol,  but  not  in  ether: 
the  solution  has  an  acid  reaction.  When  mixed  with  AlkaHes  and  evapo- 
rated, it  leaves  a  gummy,  amorphous  mass.  With  the  oxides  of  silver  and 
mercury,  on  the  otiM'r  hund,  it  yields  cry»tjilli?jible  ccmpnunds.  It  nnttea 
with  cacodyl  oxide,  and  forms  a  variety  of  combinations  with  metallic  salts. 
Ciioodylie  acid  Is  exccetlingly  stable:  it  is  not  afTected  by  red  turning  nitrio 
acid,  niirnmuriatio  acid,  or  even  chromic  acid  in  solution:  it  may  be  boiled 
with  these  siibfttances  without  the  least  ehange.  It  Is  denxidized,  however, 
hy  phospliorous  acid  and  stiinnous  chloride,  if \e\d\T\^  ca«,^\\ij\  ^s^vvVt.  \>^i 
hjdrjodicat'id  gtie  docompoiit's  it,  with  prodvioi'niu  ot  >wi»X«iT,^^<L^l\'v^^\%, 
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and  fro«   i online,     Witli  dry  hydrochloric  iicid   g%s,  or  witli  the 

triiied  aqueoua  acid,  cacodylic  acid  uniua  direclly*  fomiitig  ihe  oo        

As  (CHj),0^ll .  JICl.  But  hy  exposing  caccwljlic  acid  for  a  long  time  lai 
stream  of  Jiydrochloric  acid  gafi,  artrn-monomithj/l  diekl<trtde  ia  obtaiafd,  li^ 
gelher  with  water  and  methyl  ohlorido ; 

AB(Cn5)P,H  +  3HC1    =   A«(CH,)Cl,  -f  2H,0  ^  CH,Cl 

Pbosphorua  pentachloride  eonTerta  caoodylic  a«id  iota  eaeodyl  uieliloiide 
(p,  TU4). 

Cacoptl  Sulpbidb,  Ae^(CH,)4Sf  is  formed  by  adding  1>arium  ntlpKideta 
crude  c&codyl,  or  by  distilling  barium  sulph-hydrate  with  cacod>l  ehlnride. 
It  19  a  transparent  liquid  which  rHains  ita  fluidity  at  -^0°,  and  boils  kt  a 
tomperaltire  consideraldy  above  UXP, 

C<ico(ii/l  ditulpkidf,  X^JQll^)^^  is  formed  by  Ihe  action  of  sulphur  on  ca- 
cod>l  or  the  mono»ulphide»  or  by  treating  cacodylic  acid  with  sulphuretud 
hydrogea  in  a  vesael  externally  cooled,  it  separates  from  the  folulioa  ia 
large  rhombic  crystals.  The  alcoholic  Bolution  of  thie  compound  yiddt 
with  various  metallic  f«olutiotis,  precipitates  con2«isting  of  ^altii  of  tulphoet- 
cofft/ltc  arid^  As(CHj)^JI»  analogous  to  cacodylic  acid»  The  lead*»ali,  Ajs, 
(rilj^^S^Pb",  forms  small  white  crystals. 

Arsenmoaomethyl,  As(Cnj).  —  This  radical,  which  is  not  known  la  the 
eepnratc  i^tnte,  is  either  bivalent  or  quadrivalent.  Ita  dichloride,  At^** 
((Tilj)Cl,,  is  produced  either  by  Ihe  decouiposiiion  of  caco<Iyl  trichlorid* 
bj  heat;  AR(CHa)3Cls:=A9(Cej)na-hCJf,Cl;  or  by  the  prolonged  act ioa  of 
hydrochloric  iicid  on  cacodylie  acid  (p,  Tii5).  It  is  a  colorlef^s,  hca«|',  b«>- 
bile  liquid,  having  a  strong  reducing  power;  boils  at  1S3**C  f271®  F.l.  It* 
vapor  exerts  a  moat  violent  uction  on  the  mucous  mcinbrr  — 
iU  ^be  eyet?,  nose,  and  whole  face  swell  up»  and  a  pecuU:. 
ie  felt,  extending  down  to  the  throat.  The  (efrachlonde^  l 
lined  in  largo  crystals  hy  parsing  chlorine  over  a  mixture 
I'fide  and  carbon  bisulphide  cooled  to — 10°.     It  is  very  unM  <ja* 

posing  even  near  0^  into  methyl  ehloride  and  arsenious  chloii4e,  AM^ 
There  is  also  a  ehlorobromide.  A8(CHj)ClKr.  and  a  di<iodid<i,  Af^frH,)!,. 

The  oxide^  A8(CHj)0,  obtained  by  d&ooni  posing  the  did'  t«i- 

lium  carbouaiCf  forms  large  cubical  orysLala,  soluble  iu  lal 

t her,  ami  resolved  by  distillation  with   poiaah  Into  ar^tii^uu.T   uxi^i:  awt 
acodyl  oxide:  4A8{CH,)0=ABj0.f  Asi^(CHjhO. 

ArtemMthi/lk  Acid^  Aii'{CH^)iJ^^{OU)j,  is  ootained  as  a  barinm-vali  Vj 
deconiposing  arsetimetbyl  dicbloride  with  a  slight  excess  of  gilvcr^oitdf; 
and  this  salt,  decomposed  by  sulphuric  acid,  yields  the  acid  which 
on  evuportttion  in  the  form  of  a  laminated  mass»     It  is  bibastc. 

Artmmeihttl  *ulphide^  As(CHj)S,  is  obtained  as  a  white   tnaas  by 
hydrogen  sulphide  over  the  dichtoride. 

On  comparing  the  combining  or  equivalent  values  of  th©  #fveni1 
nidi'S  ol"  methyl,  it  will  be  seen  that  they  all  unite  with  elerTM 
and  eompiiund  radieols,  in  such  proportion  a*  to  form  compii 
the  arsenic  is  cither  trivalent  or  quinquivalent,   the  last-men tj<nn.'a  oj» 
pounds  being  by  far  the  most  stable.     Thus  : 

Arpenmonomethyl,  As(CH,),  is  bi-  and  quadri*Talent,  forming  iht  ik\t 
rides  As'^fCilgjCl,  and  As''(CH5)Cl<, 

Ari*endiriieihyl.  AsfCHj^,.  is  mono-  and  lri-valent»  forming  the  chloride 
AB'''{V\\^)fA  and  AsMt'HjJjC^, 

Artieninmethyl,  A8(CIL)i,  is  bivalent  only,  and  forma  llie  chloride  ^ 

ArHoninet\iy\\um,  0TTftVTa.mtv\iii\aTM4\s:vvkm-,  AaCCHt)^,  is  iiiuTaleot,  Utr  ] 
ini^  the  chVonde  Aa'^CU^V^* 
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Biemethyl  or  Triethylbiimnthine,  Bi{C^H^)j,  fttialogous  in  composition  to 
triethj  Iritibinc  tiii'l  Irh'tliylrirt^iiH',  is  toruied  by  lln?  uction  of  ethyl  indidc 
on  an  iilioy  of  bisinulh  and  pijtu,«j«3iuiii,  and  is  extracted  from  Mu*  rcfsiduG 
by  ether.  li  ia  n  jellow  liquid  of  specific  gravity  1  82,  liua  a  mo-*t  Jiau- 
Bcous  odor,  and  eiiiiiit  vapors  whitdi  take  fire  m  t'ontftct  wilt*  tbe  air.  U 
unites  with  oxygeu,  chlorine,  bromine,  iodine,  &nd  niirio  acid* 

Borttltjl^  B(CjIfj)3,  —  Dr.  Frtmltland  lias  oblnined  this  compound  by 
treating  boric  ether  with  linc-ethjh  it  is  a  colurleas  mobile  liquid  having 
a  ptJtigent  odnr,  irritating  the  ejes,  of  ap.  gr.  0-t)(>6,  and  hoiliug  at  1*5^  C. 
(20;i°  F.).  Borethvl  is  insoluble  in  water,  but  very  slowly  decomposed 
when  li'ft  in  prolonged  contact  with  it.  When  expo8cd  to  ihe  air  It  i«  fspon- 
taneously  iiiHamcd,  burning  with  a  beautiful  green  and  aotuewliat  auioky 
flame.  It  c^imbinea  with  ammonia,  forming  the  compound  NH,,  B(C,^tl5)j, 
By  tho  gradual  act  ion  of  dry  air,  and^  ultimately,  of  dry  oitygcn^  borelhyl 
is  converted  into  an  oxygen-compound  of  the  formula  B(C^1IJbO,. 


BIATOMIC  BASES  OF  THE  PIlOSPnORUS  AlO)  ABSENIC  SERIES. 

The  action  of  I'ihene  bromide  on  iriethylphosphino  gives  rise  to  the  for- 
mation  of  two  cry!<laUine  bromides,  accordiug  to  the  proportions  in  which 
tile  subatanceH  are  brought  in  contact,  Tbeae  broniides  are  rgIl,prUr,=r 
C,H, 51*4^0 JJJlrj  and  *'nH»|l^Itr,.^  -^'glJislM-tV^nr,.  The  fir^t  of  these 
Compounds  ih  the  bromide*  oi'  a  phui^phontum  in  wbich  8  niom.H  of  hydro- 
gen are  replaced  by  ethyl  luid  one  atom  by  the  univalent  radical  hrn methyl, 
<'^H<tJr,  tbns  [(C,H^Br)(CjH5y*]lir,  Half  ibi*  bromine  in  this  salt  ie  un- 
ftfft-ctcd  by  the  action  or  nilver-saits;  it  may  accordingly  be  deaiguatecl  aa 
bromide  of  hromethfl-tFielhifl  pho>fphonifim.  INumerous  salts  of  tbiH  oouipoundl 
are  kno¥m,  but  the  free  base  cannot  be  obtained,  Bince  silver  oiide  tlimu 
1,,,...^  .1,..  i..t-.».f  brumine,  giving  rise  to  the  formation  of  a  ba*<e  containing 
[  i'jOIL      The  second  cotupound  18  tbe  dibromidc  of  nhens' 

/r  ,      ^      ;»Mm,  [(<^alf4)'^<\H4)5Pj]''Brj,     This  radical,  which  cor- 

responds to  2  cqtiivalenis  of  ummoniuni,  iiKilj  =  N^llg,  forms  a  serien  of 
▼cry  stable  and  benutiful  ealt^,  especially  an  imlide  wlii<;h  is  ditBcultly 
soluble  in  water.  In  all  these  salts  the  ba^o,  which  is  composed  of  I  mole- 
Ciile  of  ethene,  6  molecules  of  elhyU  and  U  atoms  of  phosphorus,  is  united 
with  2  molecules  of  nnivalent-ncid  radical;  the  platinum-sali  contains 
(C,H^)'^(Cjl!j)(r  Rr^.  Pt"H"l^.  The  free,  very  caustic,  and  stable  base  baa 
tbe  compo-iition  i{i:.,l^iy'{l\\l^)Q\\y'{Oil)^. 

The  dibromide  of  ethene-hexcihyl-diphosphonium  may  be  formed  by  lb© 
action  of  iriethylpboBphine  upon  the  brominated  bromide  which  has  been 
mentioned  as  tbe  fir?*!  product  of  the  action  of  ethene  dibromide  upon  tri- 
elbylpho'-phinc  :  CjHujPCr,  f  f^o*li6l^=*^i4H94PgBry  If  tbe  triethylphtispbino 
be  replaced  in  this  process  by  ammonia  or  by  monomine^  in  general,  or  by 
monarsines,  an  almost  unlimited  series  of  diatomic  salts  may  be  formed, 
in  which  phosphorus  and  nitrogen  or  phospborus  and  arsenic  are  associalcd, 

ThuLS  (he  action  of  ammonia,  of  elhylamlne^  aud  of  Irieihylarsinc,  gives 
rise  respectively  to  tbe  ipllowing  compounds: 


Dibromide  of  Ethene-lriclhyl- 1 
phosphammonium       .         ,      f 

Dib ro m i d c  of  Kt  h  e n o -t  e t  r et hy  1  i 
phospbari^moninm       .         .      / 

Dibromide  of  Eihene-hetethyl-  1 
phoFpbarsonmm         .        .      j 


t(C,n,)"(C,II.),n.PN]"Br^ 
[(C,nj"(C,iI,).n,PN]"Brr 
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Treated  with  silver  oxide,  these  bromidea  yield  the  rwry  CMUtie  distflsie 

bases  — 

"*Sb.°l.ontr  """'''■  }      [(C.n«)-(C.H.).H^Nr(OHV 

The  arsenic  bases,  when  sabmitted  to  the  aotion  of  etheoe  dibrowiib 
give  rise  to  perfectly  analogous  results.  The  limits  of  this  Haniud  wiU  Mt 
permit  us  to  examine  these  remarkable  compounda  in  deUU. 


IV. — Compooxids  of  Aloohol-radieals  with  BiTSlent  and  <|iMidrivilMt 
KetaU  and  Xetallolda. 

The  bodies  of  this  group  which  contain  biralent  elements,  snch  as  dae, 
are  Haturated  compounds,  not  capable  of  uniting  directly  with  chlorine,  ozj- 
gen,  &c. :  those  which  contain  quadrivalent  metals,  like  tin,  are  saturated 
or  unsaturated  accordingly  as  they  contain  four  or  only  two  eqniTalents  of 
alcohol-radicals. 

All  these  compounds  are  frequently  designated  as  aryfono-'muimUk  htUrn, 
a  term  likewise  including  the  compounds  of  aloohol-radicala  with  anenie, 
antimony,  and  bismuth.  Wc  shall  describe  chiefly  the  ethyl  oompoundai 
to  which  the  methyl  and  amyl  compounds  arc  strictly  nnalogous. 

Zinc-ethyl  or  Zino  ethidc,  Zn^^(C,IIg)^  —  This  compound,  discovered  by 
Fraukhmd,  is  formed,  together  with  zinc-io<Iide,  when  ethyl  iodide  is  heat^ 
with  metallic  7.inc  in  a  seuled  glass  tube,  or,  for  larger  quantities,  in  a 
strong  and  well-closed  copper  cylinder:  2C,H5l  -+-  Zn,  =  Znl,  -f-  Zn(C^{}V 
The  two  productH  riMiiain  combined  together  in  the  form  of  a  white  crystal- 
line miiiiH,  from  which  the  zinc-ethyl  mny  be  separated  b^-  distillation  in  an 
atmosphere  of  hydrogen.  It  is  a  mobile  and  very  volatile  liquid,  faaTinga 
disagreeable  odor,  taking  fire  inntantly  on  coming  in  contact  with  the  air, 
and  diffusing  white  fumes  of  sine  oxide.  Water  decomposes  it  violently, 
with  formation  of  zinc  hydrate,  and  evolution  of  ethane  or  ethyl-hvdriile : 
7a\{C,U^\  -\-  2H.,0  =  Znll/),  -f  i\U^.  When  gradually  mixed  with  dry 
ort/fferty  it  passes 'through  two  stages  of  oxidation,  yielding  first  tine  etbjl- 

elhylate,   Zn^' |  J^|Pfj  ,    and   finally   xinc   ethylute,    Zn'^(0C,H5)^      With 

iodine  and  other  hiilogens,  the  reaction  also  takes  place  by  two  stages,  but 
consists  in  the  succet<sivc  substitution  of  the  halogen  for  the  ethyl;  thus: 

Zn(C,n5),        -f        I,        c=,        CjIIjI        +        Zn(C,Hj)I, 
and 

Zn{C,U,)l        +        I,        =        C,HJ        +        Znl, 

Zinc  ethide  has  become  a  very  important  reagent  in  organic  chemistry, 
serving  to  effect  the  tfubstitution  of  the  positive  radical  ethyl  for  chlorine, 
iodine,  and  other  negative  elements,  and  thus  enabling  us  to  build  up 
curbon-compounds  from  others  lower  in  the  scale.  Many  examples  of 
these  reactions  have  already  been  given  in  the  chapters  on  alcohols  aaii 
acids.  In  like  manner  it  serves  for  the  preparation  of  many  other  or- 
gano>metallio  bodies.  The  following  equations  exhibit  the  mode  of  forma- 
I2..M.  .»u  iii^\;|;i\,4e,  avaximc  «x.\Ma^  wi  \.v\ft,tU)f Ursine  by  means  of 
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Zb/'(CA). 

+      Hg^Cl,      =      ZnQ, 

+ 

Hg'^(C,HJ, 

2Zd''(C.H,). 

+      Sn"Cl«       =     aZnCl, 

+ 

8n"(C,H.)« 

8Zii"(C,H.), 

+    ZAfl'-^Cl,     »    SZnO, 

+ 

2A.'/'(C,H,V 

Ziae  Methide,  Zii^^(CH,),  is  analogous  in  its  reactions  to  lino  ethide,  but 
is  still  more  Tolatile  and  inflammable. 

Potassium  Sthids,  C^H^K,  and  Sodium  StUds,  CjE^Na,  are  not  known  in 
tlie  separate  state,  but  only  in  oombination  with  zinc-ethyl.  These  mixed 
compounds  are  produced  by  the  action  of  potassium  on  sodium  sine-ethyl ; 
thus: 

8Zii(C,H,),      +      »•.==      Zn      +      2(C,H^{|'" 

These  compounds  and  their  homolognes,  discorered  by  Wanklyn,  hare  also 
played  an  important  part  in  chemical  synthesis.  The  production  of  the 
fatty  acids  by  the  combination  of  carbon  dioxide  with  sodium  ethide,  &c. 
has  been  frequently  mentioned. 

Xoreiirie  Xthids,  Hg^/fO,Hf)y  — -This  compound  is  formed,  as  already  ob- 
serred,  by  the  action  or  mercuric  chloride  on  zinc  ethide,  but  it  is  more 
easily  prepared  by  the  action  of  sodium-amalgam  on  ethyl  iodide  in  presence 
of  acetic  ether : 

2C,H,I      +      Na,      +      Hg      ==    2NaI      +      Hg(C,H,), 

The  acetic  ether  takes  no  part  in  the  reaction ;  neTertheless  its  presence 
appears  to  be  essentiaL 

Mercuric  ethide  is  a  transparent,  colorless  liquid,  boiling  at  169®.  It 
bums  with  a  smoky  flame,  giTing  oiF  a  large  quantity  of  mercurial  Taper. 
Chlorine,  bromine,  and  iodine  remore  one  equiralent  of  ethyl  from>this  com- 
pound, and  take  its  place,  forming  mercuric  chlorethide,  so. ;  thus : 

HgCCA),    -f    CI,    =    C,H,C1    +    Hg(C^ja 

A  similar  action  is  exerted  by  acids,  e.  g.,  by  hydrobromic  acid,  the  pro* 
ducts  being  ethane  and  mercuric  bromethide : 

Hg(CA).     +    HBp=    C,H,      +    Hg(C,HJBr. 
The  chlorethide  or  bromethide  is  conyerted  by  water  into  mercuric  ethyl- 
hydrate,  Hg^^(C,Hg)(OH).     Mercuric  ethide  seryes  for  the  preparation  of 
seTeral  other  organo-metallic  bodies. 

Aluminiom  Xothide,  Al^^^(CH,)y  or  A1,(CH,)^  —  This  compound,  dis- 
eoTcred  by  Buckton  and  Odling,*  is  formed  by  heating  mercuric  ethide 
with  aluminium.  It  is  a  mobile  liquid,  which  crystallises  at  a  little  above 
0^,  and  boils  at  180o  C.  (266«>  F.).  At  and  above  220«  C.  (428®  F.)  the  den- 
sity  of  its  vapor,  compared  with  that  of  air,  is  2*8,  which  is  near  to  the 
theoretical  density  calculated  for  the  formula  A1(C,H5),,  namely,  2*5.  This 
seems  to  show  that  the  true  formula  of  the  compound  is  Al(C,Hg),,  and  not 
AUC,H.)f,  and,  consequently,  that  aluminium  is  a  triad,  not  a  tetrad  (p. 
88^).  At  temperatures  near  the  boiling  point,  however,  the  vapor-density 
becomes  4-4,  approximating  to  the  theoretical  density  calculated  for  the 
formula  A1,(C  A)r 

Aluminium  ethide  resembles  the  methyl  compound.  It  boils  at  194®  C. 
(881®  F.),  and  its  vapor  likewise  exhibits,  at  temperatures  considerably 
above  its  boiling  point,  a  density  nearly  equal  to  that  required  by  the  for- 
mula Al(C|H^)|,  for  a  two-volume  condensation.f 

*  ProeMdlo|9  of  the  Roval  Society,  xfr.  19. 

f  Th«  vapor-demity  of  •laminiam  ehlorida,  m  determined  b^  ltaii\W««  %«t«M  ^V^  >CittX  r^ 
qmred  by  the  Ibrmnto  X\Xl% ;  but  aa  thli  compound  bM  a  xen  b\|^^\xA\Vs^  v^uVVX  'v^a^'^MR' 
S^gm  not  bemUd  mmdeaUj  to  conrert  it  into  a  perfect  cm  (,«e«  ^a^je  W^)< 
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Ethyl  CoTOpoiindj  of  Tin. — Tin  forms  two  eihyl  compooodB,  8n''(C^H,\ 
&nd  Sii''(C^li^)^«  analogous  to  stannoua  ajid  alADoic  cbloride;  aUo  &  jima- 
noi^o-^tantiouti  ctliide,  ^ii^^C.Hj,*  analogous  in  Goti»tiiutioD  toetbiftue«  CJkl^ 
Stunnic  etbidc  is  a  eaturatca  compound,  but  the  other  two  are  uni^aturat^ 
bodies,  cafiable  of  yniting  with  chlorine,  bromrnCf  oxyjcen,  and  Arid  rwii. 
cultt,  and  beiug  ihurebj  cod\  crtud  into  compoiLods  of  tb«  ttauuic  type.      • 

Staknous  Ethide,  SD^'^tC-Hj),  — When  ethyl  iodide  and  tinfoil  kn 
heated  together  in  &  sealed  gfiiss  tube  to  about  l&fT  or  180°  C.  (.^2*-556* 
F.),  fltnnnous  iodethide,  Su^'^CiII^jjlp  is  produced,  crystsllizing  in  coUrleu 
net^dlea.  The  same  compound  is  obiaioed  when  tin  and  ethyl  iodide  %Tt 
exposed  tn  ihc  rays  of  the  Hun  concentrated  by  a  parabolic  reflector.  Tbt 
reaction  is  considerably  facilitated  if  the  tin  be  alloyed  by  one-tenlh  of  i«« 
weigbl  of  sodium.  This  iodide  is  decomposed  by  sodium  or  line,  mhkh 
abstnicis  the  iodine  and  leaves  stanuous  elhide  in  the  form  of  a  thick,  oilj 
liquid,  iuaoluble  in  water,  and  haWng  the  sp.  gr»  1  55.  Stannous  ethiil* 
cotuhities  directly  with  2  alotns  of  chlortne^  iudiuei  and  bromine^  fortning 
stannic  chlorethide,  Sti"(CjHj^)jCi^  &c.  Expoi^ed  lo  the  air^  it  absorb*  015- 
gen  and  is  converted  into  stannous  oxethide,  Sn'*(CjH^),0,  a  vp*  •-'  *it»e. 
loss,  inodorouH  powder,  which,  when  treated  with  oxygen-aci  ell 

crystallized  stannous  salts,  such  as  Sn''(CjH^)j(NO,)^  ^'**'(*^t^'a  .     , 

STAvitoso-flTAitiiicETTimB,  Sn^(€,H^)^  is  always  produe^d  in  smaU  <)»&>* 
itty  when  stannous  ethide  is  prepared  by  the  methmis  above  mentioti*H4. 
It  is  really  obtained  in  (he  free  state  by  digesting  an  alloy  of  1  part  of 
sodium  ond  G  parts,  of  tin  with  ethyl  iodide,  enhaupn'^'  ''"•  "vi*»  with  etfeff, 
eTaporaling  the  ethereal  solution,  and  exhausting  ii  with  aleoboL 

The  fitanooso^stannic  ethide,  being  insoluble  in  Ihr.       ^  iheo  remaiti 

behind.  It  is  a  yellow  oil,  boiling  at  180**  C,  (H6G**  F,;,  combining  dirfclljf 
with  chlorine,  bromine,  and  iodino  to  fortn  two  molecules  of  a  atannie  coib- 
pound  J  e.  y. .' 

Sn,(C,H»).    +    CI,    =     2Sn«(C!,H.),Cl; 

Stannic  chioro-tnethide. 

also  with  oxygen,  forming  distannio  oiy-hexethide,  Sn»',(C-Hj),0.  Tbii 
oxide  is,  however,  best  obtained  by  distilling  stannous  oxy-dietbtde,  8a* 
(C,K|),0  {above  described),  with  potash,  li  is  an  oily  liquid,  soluble  !■ 
alcohol,  ether,  and  water;  the  aqueous  solution  has  a  strong  alkaline  nae- 
tion.  It  is  easily  acted  upon  by  oxygen-aeidsy  yielding  the  correspoadiaf 
sulphate,  Snj,(CjHj),SO^.  &c. 

Stannic  ETMina.  Sn'^CC-H^V,  is  produced  by  the  action  of  ilnc  ethi<l«  a 
fltaunio  chloride;  also  by  tne  dieilitlation  of  stannous  ethide,  2Sn(CyU|\== 
Sn  -f-  Sn(C,H^)^.  It  is  a  colorless,  nearly  odorless  liquid,  of  tp!  fr. M9, 
boiling  at  181°  C,  {HiiH^  F. ),  and  very  inflammable,  burning  wiih  a  higilj 
luminous  tame.  When  treated  wilh  chlorine,  bromine,  /ke  ,  or  with  ackk 
it  forms  substitution-products:  thus,  with  iodine,  it  splits  up  into  ftfc/i 
iodide  and  stannic  lodotriethide  : 

s>i(c,ir,).  +   I,  =   c,Hj   +   sn(c,ni),i. 

With  sirong  hvdrochloric  acid.  It  yields  ethane  and  stannic  ohlorotritft^ii 
Sn(C,Hi),   f.  ilCl  =  t;,H,  +  8n(C,Hj3Cl. 

Plum  bio  Ethid«,  Pb(C,H^)^,  is  produced  by  the  action  of  plumbic  ohtoryt 
on  line  ethide : 

2Zn(C^H4),  +  SPbCl,  ^  2Zna,  -f  Pb  -f  Pb(C,H.)^, 

It  is  a  colorless  Wm'pV*!  \v<\u\A,  a^Xx^X^  m  «V\x«iT  \«ii  uoi  in  water.  It  it  sei 
acted  upon  by  Oijijen  aV  at'iXi^ax^  \txQ'^«tY%V>K^<i%  \iNax  t3vA5«\\Mft,\4x^t^ 
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and  iodine  aet  Tiolently  ap<m  it,  in  the  same  manner  as  on  siannfo  eChide, 
forming  plumbic  ohloro-triethide,  Pb(C,H5)3Cl,  fto.  Plumbie  ethide  is 
interesting,  as  affording  a  proof  that  lead  is  really  a  tetrad  (p.  398.) 

Telliirathyl,  Te^^(C,H,)y  is  obtained  by  distilling  potassium  telluride 
with  potassium  ethylsulphate.  It  is  a  heayy,  oily  liquid  of  yellowish-red 
color,  Tery  inflammable,  and  having  a  most  insufferable  odor.  It  acts  as  a 
bivalent  radical,  uniting  directly  with  chlorine,  bromine,  oxygen,  &o.,  Iq 
form  compounds  in  which  the  tellurium  enters  as  a  tetrad,  e,  ^.,  Te*^(C,Hg)f 
Cly  Te»^(C,H5),C,  &c.  The  nitrate  Te(C,HJ.(NO,)y  is  obtained  by  treat- 
ing (ellethuryl  with  nitric  acid ;  the  other  salts  by  double  decomposition ; 
the  chloride,  for  example,  settles  down,  as  a  heavy  oil,  on  adding  hydro- 
chloric acid  to  a  solution  of  the  nitrate.  The  oxide  is  best  prepared  by 
treating  the  chloride  with  water  and  silver  oxide.  It  dissolves  in  water, 
forming  a  slightly  alkaline  liquid. 

TeUuro-nuth^U  Te(GH,)^  and  tdluramyl,  Te(C|H,j),.  are  similar  in  their 
properties  to  tellnrethyL  The  corresponding  ulemum  compoutuU  have  like- 
wise been  obtained. 

There  are  also  compounds  of  sulphur  with  alcohol-radicals  in  which  the 
sulphur  plays  the  part  of  a  quadrivalent  element,  viz.,  the  triethyUulphurotu 
eompoundi^  already  described  (p.  580). — Sulphuroua  iodo-triethtde,  ScfiCAl^^l, 
for  example,  is  produced  by  combination  of  ethyl  monosulphide,  6(^,11^)^ 
with  ethyl  iodide,  C,HgI. 

Other  compounds,  in  which  the  sulphur  may  be  regarded  as  .a  hexad, 
are  obtained  by  combining  ethyl  sulphide  and  ethene  sulphide  with  ethene 
dibromide:  thus  tulphurie  dietkene-dtbromde,  S*^(C,H|)^^,Br^  is  formed  by 

and  sulphuric  dUihyl-eiktns-dibromidey 
combination  of  S(C,H5)t  with 


combination  of  S(C,H4)  with  QJdfiVj,  and  i 
8^(C,H3),(C,H4)^^Bry  in  like  manner  by 
CjH^Br,. 


A  HIDES. 


[  hftTo  had  frequent  occasion  to  speak  of  these  compmmdft,  ai 

from  iiiuiitoTiJum-salts  hy  abi*t ruction  of  water,  or  from  &ci<i!t  by  ^uhstitu- 

tiun  of  amitiogen,  NH^  fur  liyilroxyl,  OH,  or  from  one  or  more  njt>lwuJ«a 

I  of  ammotiia  by  substituiion   of   acld-radicala   for   hydrogen.     They   ir< 

kdividcij  (like   amines)  into  monamid«0,  diamidea,  and  tri&mides,  emch  of 

llvlik-h  groups  in  further  subdivided  into  primary,  secondary,  and  tertiary 

|«mides,  accordingly  as  one-third,  two-thirds,  or  the  whole  of  tJie  hydrogen 

'  I  replaced  by  aeid-rifcdi<jftli»     If  the  hydrogen  is  replaced  partly  by  acid- 

bdinalflt  and  partly  hy  alcohol-radicala,  the  compound  ia  called  an  oitaU^ 

mide;  for  example,   othylacetamide,  ^H(C*H|}< C,H,0) ;  eihyldiacetamidv, 

NtC,U,)(C,U,0}r 


J 
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A  monatomic  acid  yields  but  one  primnrtj  nmid^^  which  may  he  foi 
I.  From  its  ammonium -Ball  by  ubstractiou  of  u  molecule  of  waier^  uoiler 
the  influence  of  heat ;  thus  : 

Ammonium  Acctamide-  CONH.  ^     > 

acetate. 


Theae  amides  are  also  produced: 
chloridee ;  e.  y. « 


2.  By  Lhe  action  of  ammonia  00  uH 

HCl        + 


This  method  is  especially  adapted  to  the  preparation  of  those  amidea  wbleb 
are  insoluble  in  water. 

8.  By  the  action  of  ammonia  on  compound  ethers : 

c,ii,o,oc,irs    -f    Nil,    =^  iKxyij    +    NH^c,Hm 


Ethyl  acetate. 


Ethyl  alcohol.  Acetamidv 


Acet&midf^  which  may  be  regarded  as  a  type  of  primary  monamidea.  b  1 
white  crystalline  solid  iriehing  at  78°  C,  (172«  F.).  and  boiling  al  2J1»  or 
222**  C.  {430°  P.).  When  heated  with  acidfi  or  with  ulkaJitvs,  it  liikM  ap 
water  and  is  converted  into  acetic  acid  and  ntntnonia,  Dittttlled  with  pb**- 
phorlo  oxide,  it  gives  up  water  nnd  is  conTcrteil  into  aettonitriU  or  mtihf- 
tyanidfr^  CjlJ^NO, —  !(,0  =  C,n,N.  Heated  in  a  stream  of  dry  hyd*oeW#- 
rio  aoid,  it  yields  dittcelamide,  together  with  other  products: 

2NH,(C,H,0)       4*      na      r^      SfiJCX      +      NH(C,If/)),. 

Aoetamide  acts  both  as  abase  and  as  an  acid,  combining  with  hydi 
and  with  nilric  acid,  and  likewise  forming  salts  m  which  one  alii 
hydrogen  is  re^lacuil  T^y  a  metal ;  nlvet-aetlamide,  C,H^NAgO,  for  tsam|l 
i«  oblatned  in  cTyaVaWm^i  ?«ia\^?i\»^  **x\ktaX\\i%  ^xi  a^ueoua  aolution  of  1 
tatnide  with  aiWer  oxvd«*  .^^ 


AMIDES.  773 

Benxamide^  CfH^NO  =  NH,(CfHgO),  is  produced  by  methods  similar  to 
those  aboTO  giTon  for  the  formation  of  acetamide;  also  by  oxidiiing  hip- 
purio  acid  with  lead  dioxide : 

C^H^NOg      +      O,      =      C,H^Na      +      2C0,      +      H,0 

Benxamide  is  a  crystalline  substance  nearly  insoluble  in  cold  water,  easily 
soluble  in  boiling  water,  also  in  alcohol  and  ether;  it  melts  at  1 15®  G.  (289®  F. ), 
and  Tolatilises  undecomposed  between  286®  and  290®  0.  (547®~554®  F.).  Its 
reactions  are  for  the  most  part  similar  to  those  of  acetamlde.  Heated  with 
benxoic  oxide  or  chloride,  it  yields  benxonitrile  and  benxoio  acid : 

Benxamide.         Benxoic  oxide.        Benxonitrile.      Benxoicacid. 

C^H^NO      +       C^H^OCl        =        C^H^N      +    C-II^O.  +  HCl 
Benxamide.      Benxoio  chloride.       Benxonitrile.  Benxoic  acid. 

Heated  with  fuming  hydrochloric  acid,  it  forms  hydrochloride  of  bent- 
amide,  Cf HfNO .  HCl,  which  separates  on  cooling  in  long  aggregated  prisms. 
Its  aqueous  solution  dissolves  mercuric  oxide,  forming  beiwnnercuramde, 
N,H,(C,H.O),Hg''. 

Secondary  tnonamides  are  those  in  which  two  atoms  of  hydrogen  in  a  mole- 
cule of  ammonia  are  replaced  by  two  univalent  or  one  bivalent  acid-radi- 
cal, or  by  one  acid-radical  and  one  alcohol-radicaL  Those  containing  only 
univalent  radicals  are  formed  by  the  action  of  dry  hydrochloric  acid  gas 
on  primary  monamides  at  a  high  temperature  \  e.g,: 

2NH,(CaH,0)      +      HCl      =      NH^Cl      +      NH(C,H^O), 
Acetamide.  Biacetamide. 

Those  containing  bivalent  aeid-radioals  are  called  imde%  ;  e.g  ^  succinimides, 
NHrC^HiO,)^^  They  are  derived  from  bibasic  acids,  and  will  be  noticed 
fartner  on. 

Secondary  monamides  (alkalamidu)  containing  an  acid-radical  and  an 
alcohul-radical,  are  formed  by  processes  similar  to  those  above  given  for 
the  formation  of  the  primary  monamides,  substituting  amines  for  ammo- 
nia; thus: 

NH,(C,Hj)     -f    C,H,0C1  =    HCl         +  NH(C,Ha)(C,H.O) 


Bthylam 


line. 


Acetic  £thyl-acetamiae. 

chloride. 


NH^(C,H,)    +    C,H,0(OC,Hg)   =    HOC^H^  +  NH(C,H.)(C,H,0) 
Ethylamine.  Ethyl  acetate.  Alcohol.         Ethyl-acetamide. 

They  are  crystalline,  and  for  the  most  part  do  not  combine  with  acids. 
When  boiled  with  acids  or  alkalies,  they  take  up  water  and  regenerate 
their  acid  and  primary  amine ;  thus : 

NH(C-H5)(C,H,0)     +     HOH    =     C,H,0(OH)     +    NH^fC^HJ 
Phenyl-acetamide.  Acetic  acid.  Aniline. 

Tertiary  monamides  are  those  in  which  the  whole  of  the  hydrogen  in  one 
molecule  of  ammonia  is  replaced  by  acid-radicals  or  by  acid-  and  alcohol- 
radicals.  Those  of  the  latter  kind,  called  tertiary  alkalamides,  are  produced 
by  the  action  of  acid  chlorides  on  secondary  alkalamides : 

NH(C«H.)(C,HaO)    +     C^H^OCl    =    HCl    -f    N(C.H.XC^H^O\., 
Phenyl-benxamide.  Benzoyl  TYi«xi'sV-QC^vwfta:av\^^« 

chloride. 
66* 


r74 


Or%7tWi 


«•#■» 


^S^^S£^ 


Addf  cf  tkit  gro^  baj  five  tim  m  two  miai^iilffii,  bock  fcnMd  Ij 
nbcciiaCMB  of  one  equTsleai  of  NH,  f«r  OR,  mmd  dbtrefwe  hftviag  IM 
sane  eomposhioa.  Tfaej  are  koveTcr  iMBcrie.  not  idfMtinl,  Um  m» 
formed  bj  replaecaeat  of  tke  alcokolic  kjdrozjl  bciag  mcidy  wkile  t^ 
other,  formed  bj  replacemeBt  of  tke  banc  kjdrozjL  ia  Bentrml.  The  add 
amiies  tkn«  formed  arc  called  mmie  mtHt.  GljcoUie  add,  for 
jieldfl  gljcoUamic  acid  aad  glTcoDamide,  botk  roatainiag  QJlJSiO^i 

CBfiU 

CONH, 
GljcoUaB3d«. 

These  amie  aeide  and  amides  are  ■ometimeo  rcprcwnted  at  deriTcd  frooi  ft 
molecule  of  ammonia  and  a  molecule  of  water,  bound  together  by  the  sab- 
■titution  of  a  diatomic  acid-radical  for  two  atoms  of  hydrogen;  thus: 


CH,OH 

CH^XH, 

COOH 

COOH 

GlrcolLie 

GlvcoTlamie 

acid. 

'acid. 

H,/0 
Type. 


Gljrcollamic  acid. 


The  amie  acid*  of  this  frroap  are  identical  with  the  amidated  acids  de- 
rived from  the  corresponding  monatomic  acids.  CbHjoO^  by  stibiftitution  of 
amidofren  for  hydrogen  :  thus  glycollamic  acid  is  identical  with  amidacetic 
acid  ;  lactamic  with  amidopropionic  ;  leucamic  with  amidocaproic  acid;  for 
example : 

CH,(yH,)  CH,(OH) 

COOH  COOH 

Amidacetic  or  GlycoUio  ftcid. 

Glycollamic  acid. 

These  amio  acids  are  formed,  as  already  obserred,  by  the  action  of  am- 
monia on  the  monochlorinated  or  monobrominated  deriTatiTes  of  the  fatty 
acids:  the  corresponding  neutral  amides  arc  produced  by  the  action  of 
ammonia,  in  the  gaseous  state  or  in  alcoholic  solution,  on  the  corresponding 
oxides  or  anhydrides,  or  on  the  ethylic  ethers  of  glycollic  and  lactic  acids; 
thus: 


COOH 
Acetic  acid. 


Lactide. 


NH,        = 


CjH^NO, 

Lactamide. 


C,II,(OH) 

I  •  +        Nn,H     =        HOCjH^ 

co(oc,n.) 

Ethyl  liictato.  Alcohol. 

LeiiCAmide,  the  neutral  etbw  of  leucic  acid,  is  not  known. 

Tho  nmic  acidw  of  tV\n  Ber\e*  Yo*»wMsV«A\«i  tkS^^OX  %»  vivd  properties,  snd 
are   Ihcrcf''  -leBignaieOL  \>^  iiwa^fc  w^siML^Xu  Vw,>>a.^  ^^^ 


CjH^OH 

CONH. 
Lactamide. 
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mination  for  orgAnio  IMM68,  glygollamio  acid  being  deainiaied  ag  glycooine, 
lactamie  aoid  as  alanine,  leucamio  acid  as  leucine  (pp.  614,  615,  620). 

Amidobenzaie  add,  C^H.(NH,)Oy  or  C«H^(NH,) .  CO^,  produeed  from 
nitro-bensoic  acid,  CyH^(NO,)0^  by  the  action  of  hydrogen  sulphide,  may 
also  be  regarded  as  oxy-benzamie  acid,  derived  from  oxy-benxoio  acid,  C^H^ 
(OH) .  CO.H,  by  substitution  of  NH,  for  OH. 

Biamidobenioie  acid,  CtH^^NH,),0,  formed  in  like  manner  from  dinitro- 
benxoio  acid,  may  also  be  viewed  as  dioxi/bemamie  acid,  derived  from  a  hy- 
pothetical dioxybensoic  acid,  CgH,(OH), .  CO,H ;  but  according  to  the  mode 
of  formation  of  these  acids,  they  are  more  conveniently  regarded  as  deriva- 
tives of  benxoic  acid.  Similar  remarks  apply  to  the  amidiUed  acids  derived 
firom  the  homologues  of  bensoio  acid. 


AMIDBS  DEBITED  FROM  DIATOMIO  AND  BIBASIO  ACID6. 

Each  acid  of  this  group  may  give  rise  to  three  amides:  vis.,  1.  An  acid, 
amide,  or  amic  acid,  formed  from  the  aoid  ammonium-salt  by  abstraotion  of 
one  molecule  of  water.  —  2.  A  neutral  monamide  or  tmu/e,  formed  from  the 
acid  ammonium-salt  by  abstraction  of  two  molecules  of  water.  — 8.  A  neu- 
tral diamide,  derived  from  the  neutral  ammonium-salt  by  abstraction  of  two 
molecules  of  water.     Thus  from  succinic  acid,  (C4H40^^^(OH),  are  derived : 


H, 
0,H5(NH,)04-  H,0  =  O^H^NOj,  =  (C4H,0,)'/(NH,)(0H)  =  (C^H^O,)'' 
Acid  ammonium  Sucoinamic  H 

succinate.  acid. 


=  (C,HA)" 
H 


C^H^rNHJO^— 2H,0=C4H,NO^(C4H40,)'''(NH)^^ 
Acid  salt.  Succinimide. 

C,H,(NH.)  A-  2H,0=CAN.0,=(CA0^"(5HJ,        =  (C,H«0,)'' 
Neutral  salt.  Succinamide.  H4 


}» 
}». 

The  amic  acids  of  this  group  are  produced : 

1.  By  the  action  of  heat  on  the  acid  ammonium-salts  of  the  correspond- 
ing acids. 

2.  By  the  action  of  aqueous  ammonia  on  the  neutral  ethers  of  bibasio 
acids;  e.g,: 

(C.0,)'^(0C,H,),  -f  NH,  -f  H(OH)  =  2H(O0,H5)  +  (CA)^^(NH,)(0n) 
£thyl  oxalate.  Alcohol.  Oxamic  acid. 

8.  By  boiling  imides  with  ammonia,  under  which  circumstances  they 
take  up  a  molecule  of  water  and  are  converted  into  amic  acids ;  thus  suc- 
cinimide, C4H(N02,  with  H^O  forms  sucoinamic  acid,  C^H^NOr 

The  ty pic  or  extra-radical  hydrogen  in  these  amides  may  also  be  replaced 
by  alcoholic  or  by  acid  radicals,  thereby  producing  alkalamides,  secondary 
and  tertiary  diamides,  &c.  The  mode  of  producing  such  compounds  may 
be  understood  from  the  following  equations : 


(C,0,)^'(ONH,CH,)OH    —    H,0 
Acid  methylammo- 


nium  oxalate. 
(C.H40,)''0  + 

Succinic 
oxide. 

Etbfl  oxalate. 


(CJO,)'^NH(CH,) .  (OH) 
Methyloxamic  acid. 


NH,(C,H,) 
Aniline. 

2NH,(CH,) 
Methylamine. 


=       2H,0 


+  N(C,H,)(C4H40,)^ 
Phenylsuccin- 
imide. 


2H(0C^U^^  -V^^i.^^:^''v^\^^-t 

£Uiy\aicoYLQ\.     \>\m'«>Xv^VQTAsax^'e* 
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(C0)C1,  +    fiNH^C^Hj)     =:      2HG1        +      K.H^OO)"(Q,^ 

Carbonyl  Arnline.  Dipaenyl-^arbouM. 

chloride. 

2N(c,ir,o,)'/Ag  +  (aHA)'3  =    2Aga    +      n^c.ha)''. 

Argentosuccin-  Succinyl  Triwinninamlnt 

imide.  chloride. 

Amidei  of  Garbamie  Add,  —  Carhomc  add,  (CO)^^(NH,)(OH),  Is  not  knen 
in  the  free  sUte,  that  is,  as  a  hydrogen-aalt,  but  its  ammoniom-aaU^  (CO/' 
(NH,XONHJ,  is  produced,  as  already  noticed  (p.  814),  bj  the  direct  coB- 
bination  of  carbon  dioxide  and  ammonia-gas.  This  salt  is  easilj  obtunsd 
pure  and  in  large  quantity  by  passing  the  two  gases,  both  perfectly  diy, 
into  cold  absolute  alcohol,  separating  the  oopions  crystalline  precipitate  by 
filtration  from  the  greater  part  of  the  liquid,  and  heating  it  with  absolute 
alcohol  in  a  sealed  tube  to  100^,  or  aboTO.*  The  liquid,  on  cooling,  de- 
posits ammonium  carbamate  in  large  eryslalline  laminae.  This  salt,  if  per- 
fectly dried  over  oil  of  vitriol,  and  then  heated  in  a  sealed  lube  to  180^-140^ 
C.  (2G6°-284®  F.),  splits  up  into  ammonium  carbonate  and  urea,  one  mole- 
cule of  it  giving  up  a  molecule  of  water  to  another: 

2CN,HA         =         CNjH^O  +         GN,H/), 

Ammonium  Urea.  Ammonium 

carbamate.  carbonate. 

Ilcnce  Eolbe  concludes  that  urea  is  the  amide  of  earbamio  acid,  not  tbe 
amide  of  carbonic  acid  ;  but  it  is  not  easy  to  see  in  what  the  supposed  dif- 
ference consists :  for  carbonic  acid  being  (CO)''(OH)(OH),  and  carbamie 
acid,  rCO)'''fNII,)(OH).  the  amide  of  the  latter  must  be  identical  with  the 
diamide  of  tnc  former.  It  appears,  also,  from  the  observations  of  Bafs- 
rolT,  that  ordinary  commercial  ammonium  carbonate,  when  treated  in  the 
manner  just  described,  likewise  yields  urea.  On  the  other  hand,  the  ex- 
periments of  Wanklyu  and  Gnmgee.  already  quoted  (p.  722),  seem  to  show 
that  urea  is  essentially  different  from  carbamide,  f 

Carbanic  Ethers.  —  Carbamie  acid  forms  acid  and  nentral  ethers,  ac- 
cordingly as  an  atom  of  hydrogen  in  the  group  NH,  or  OH  is  replaced  by 
an  alcohol-radical. 

Ethiflearbamk  acid,  (CO)'' .  NHfr^Hj)  .  OH,  is  not  known  in  the  free 
state,  but  its  ethylanimonium-salt,  (CO)''.  NH(C,H5) .  ONII,(C,Hj).  is  pro- 
duced, as  a  snow-white  powder,  by  passing  carbon  dioxide  into  anhydrous 
ethylamine  cooled  by  a  freezing  mixture.  Its  aqueous  solution,  like  that 
of  ammonium  carbamate,  does  not  precipitate  barium  chloride  unless  aided 
by  heat.  The  methylammonium-salt  of  methylcarhamic  acid  is  obtained  in 
a  similar  manner.  Phcnytcarhamic  acid^  (CO)"  .  NH(C^H5)  .  OH,  also  called 
carbanilic  and  anthranilic  add,  isomeric  with  amidobenzoic  acid,  is  obtained 
by  boiling  indigo  with  potash  and  manganese  dioxide.  It  is  a  crystalline 
body,  soluble  in  water,  and  converted  by  nitrous  acid  into  salicylic 
(phenyl-carbonic)  acid,  with  evolution  of  nitrogen: 

(CO)".  NHfC.Hj) .  OH  -f  NOjH  =  (CO)".  OCJI4.  OH  -f  H,0  +  N^ 
rhenyl-carbamic  acid.  Phenyl-carbonic 

acid. 

The  neutral  carbamie  ethers  are  called  urcthanea.  Ethyl  carbamate, 
(CO)".  Nil, .  OC^H^  called  simply  urethane,  is  formed  by  leaving  ethyl  car- 

•  KrUbe  Rnil  Baxnvtff',  Chrni.  Soo.  Journal  f2],  ri.  IM. 

f  JSHmrofTH  <>xiN>rlinf>nlA  ha^«  tHit  yvt  lN'«n  piil>liiih«d  in  d<>tall,  and  there  It  no  proof  f^rrn 
in  thi>  |Hip(!r  aliovo  reftrrvd  to,  t\\M  \W  cotivvkvuxA  ^\aiu«\  Vj  Mbi^  4iK.b.\drftUon  uf  1 
au-lwmat«  waa  wally  ur*A  and  nvl  carWrnVXA. 
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bonate  in  eonteoi  with  aqaeoos  ammonia ;  and  by  the  action  of  ammonia 
on  ethyl  ohloroearbonate  (alcohol  saturated  with  earbonyl  chloride) : 

{coy^{ocfit)ci  +  NH,  SB  Ha  +  (co)^'(nh,)(oc^j 

It  forme  colorless  crystals  easily  soluble  in  water.  Methyl  earbamaU,  methyl 
lie  urtthane  or  urethylane^  and  amyl  carbamate  or  amjflh  urethane,  are  obtained 
in  like  manner. 

Carbamic  acid  in  which  the  whole  of  the  oxygen  is  replaced  by  snlphnr, 
constitutes  ndpho'Carbamie  acid,  {C8Y^(SH^)(SH),  There  is  also  ah  oxy- 
tulpko-carbamie  acid,  (CS)^^(NH2)(0H),  the  ethylio  ether  of  which  is  xon- 
tkamide,  (CS)'''(NH,)(OC,H.)  (p.  661). 

Gabbimidi,  (CO)^^(NH)^'  or  N  I  (^^  ^,  is  the  same  as  cyanic  acid ;  and 

many  of  the  reactions  of  cyanic  acid  are  most  naturally  represented  by 
the  formula  just  giTcn,  especially  its  conTersion  into  carbon  dioxide  and 
ftmmonia  under  the  influence  of  acids  or  alkalies: 

NH(CO)''        +        H,0        =        NH,        +        (C0)'''0, 

and  the  corresponding  formation  of  ethylamine  and  its  homologues  by  dis- 
tilling cyanic  ethers  with  potash. 

Garbamidi,  CN,H^0  or  N,(C0)'^H4. — This  compound  is  produced  by  the 
action  of  ammonia-gas  on  earbonyl  chloride : 

COCl,        +        2NH,        =        2Ha        +        NjCOH^; 

also  by  the  action  of  ammonia  on  ethyl  carbonate,  and  by  the  decomposi- 
tion of  oxamide  at  a  red  heat :  C,0,N,H[^  =  CON,H^  -f  ^^*  ^^  bears  a  Tery 
close  resemblance  to  urea ;  the  only  difference  indeed  yet  observed  between 
the  two  compounds,  is  in  the  products  which  they  yield  when  oxidized  by 
potassium  permanganate  in  presence  of  free  alkali  (p.  722). 

Amides  of  OiaUo  Asid.  —  Ozamtc  acid;  GJ^H,0,  =  (G,0,)^/(NH,)(OH), 
is  produced  by  heating  acid  ammonium  oxalate  to  about  280° ;  also  as  an 
ammonium-salt  by  boiling  oxamide  with  aqueous  ammonia :  G^H^N^O,  -{- 
11,0  =  G,H,(NH4)N03.  Oxamic  acid  is  a  white  crystalline  powder,  spar- 
ingly soluble  in  cold  water,  still  less  soluble  in  alcohol  and  ether.  It  is 
monobasic,  and  forms  numerous  crystalline  metallic  salts. 

Oxanue  ethen  may  be  formed  by  substitution  of  ethyl-radicals  for  hydro- 
gen, either  in  the  group  NH,  or  in  the  group  OH  of  oxamic  acid,  the  re- 
sulting ethers  being  acid  in  the  former  case,  neutral  in  the  latter.  The 
neutral  ethers,  also  called  ozameihasuM  (p.  660),  are  formed  by  the  action  of 
ammonia,  in  the  gaseous  state  or  in  alcoholic  solution,  on  neutral  oxalic 
ethers;  thus: 


% 


^,)''(OG,H,),   -f   NH,  =   HOG.H.   +    (G,0,)'^(NH,)(0G,H5) 
'thyl  oxalate.  Alcohol.  Ethyl  oxamate. 


They  are  crystalline  bodies  soluble  in  alcohol,  decomposed  by  boiling  water, 
yielding  ammonium  oxalate  and  the  corresponding  alcohol. 

The  acid  ethers  of  oxamic  acid,  containing  one  equivalent  of  alcohol- 
radical,  are  produced  by  dehydration  of  the  acid  oxalates  of  the  corre- 
sponding amines ;  thus : 

(G.0,)^'(0NH,G,H5)(0H)    -    OH,    =    (G,a)//rNH(G,H,)](OH) 
ic^d  ithylammonium  «\iiV^oxMn\^  vsv^. 

oxalate. 
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Methyloxamie  mnd  phenyloxamio  Mida  mn  mkao  knowii.     VheM  Mid  «lkai 
arc  meuunerio  with  the  neutral  oxamie  ethen  eontaining  the  Hune  aleoUi- 

radicals.  

The  replacement  of  both  the  hydrogen-atoma  in  the  gronp  NH,  in  oiaak 
aoid,  would  also  yield  monobasic  acid  ethen ;  none  of  these  are,  koveftr, 
known  in  the  free  state,  but  the  ethylio  ethers  of  dimethyl-  and  dieCbjI- 
osaniic  acids  have  been  obtained;  e.  y.,  etk^lk  dimetJ^iHfxammt€m  (CjOL)'^ 

((;h,),(OC,h.).  ^"»^ 

The  viude  of  oxalio  acid  is  not  known. 

OxAMiDB,  N,(G,0,)'^H4.^This  eomponnd  is  prodneed  bjth«  aetfcmaf 
heat  on  neutral  ammonium  oxalate  (p.  659),  Irat  is  more  adratttageoaily 
prepared  by  the  action  of  ammonia  on  neutral  ethyl  oxalate.  It  is  alio 
formed  in  several  reactions  ft'om  cyanosen  and  cyanides:  an  aqneoos  sola- 
tion  of  hydrxsyanic  acid,  mixed  with  hydrogen  dioxide,  yielda  a  eiystsl- 
line  deposit  of  oxamide:  2CNH  -f  H,0,  =  GJ(,H/>^ 

Oxamide  is  a  white,  light,  tasteless  powder,  insoluble  in  eold  water, 
slightly  soluble  in  boiling  water,  insoluble  in  aleohoL  Heated  in  an  epca 
tube,  it  ▼olatilixes  and  forms  a  crystalline  sublimate ;  but  its  Tapor,  paned 
through  a  red-hot  tube,  is  completely  resolved  into  carbon  monoxide,  aa- 
monium  carbonate,  hydrocyanic  acid,  and  urea  (or  carbamide) : 

2C^,H,0,    =    CO    +    CO,    +    NH,    +    CNH    +    CN^/>. 

Dilute  mineral  acids  decompose  it,  yielding  an  ammoniam-Balt  and  free 

oxalic  acid ;  e.  g. : 

C,N,1I,0,    -f    SO,H,    4-    2H,0    s     SO,(NH^),    +    C.HjO^. 

Dimethyloxamidf.  Nj(C,0,)'^Hj(CH,),,  is  produced  by  the  dry  distillation 
of  mcthylammonium  oxalate: 

C,(Cn,N),0,        —        211,0        =        C,N,H,(CH,\Or 

Dicihyloxamide,  diamyl  oxamide,  diphenyloxamide,  and  dinaphthyloxamide, 
arc  obtained  in  a  similar  manner. 


AMIDES  DERIVED  FROM  ACIDS  OF  HIGHER  ATOMICITT. 

Our  knowledge  of  these  amides  is  ((omewhat  limited :  we  shall  notice  only 
those  derived  from  malic  and  from  citric  acid. 

Malic  acid,  (04HjO,)^^^(OH).,  which  is  triatomic  and  bibaaie,  forms  aa 

acid  amide  and  a  neutral  amiue : 

roH  fon  fon 

(r,H.o,)'/^|oii  (c.h,o,)'/'|nit.         (c,H,o.)'-JNn. 

Malic  acid.  Malamic  acid.  Malamide. 

Mohimide  is  deposited  in  Pmall  crystals,  when  ammonia-gas  is  passed  into 
an  alcoholic  solution  of  ethyl  malate: 

C,FI/C,H.),0»       +        2N'n»       =        2C,n,0       +        CJI,NA 
Ethyl  m*late.  K\<i^.VA.  MaUmide. 

Maiamie  add,  O^H,^^,  \b  *<^  Vuo'^  Vt^  VV«  fa«>*»i*-,\«.v\v*«Ki4fc 
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«iher,  or  maiamsikanef  CJ3^(Cfi^)}X0p  is  produoed  M  «  oryitallino 
when  dry  etlgrl  jnalate  is  saturated  witb  ammonia-gas: 

Cfi,{Cfi^)fi,    +    NH,    =    C,HeO    +    C,H,(C,H,)NO,. 

Malamide  is  metameric,  not  identical,  with  atparagin,  a  substance  found  in 
the  root  of  marsh -mallow,  in  asparagus-shoots,  and  in  several -other  plants. 
To  prepare  asparagin,  marsh -inallow  roots  are  chopped  .small,  and  mace- 
rated in  the  cold  with  milk  of  lime ;  the  filtered  liquid  is  precipitated  bj 
carbonate  of  ammonia;  and  the  clear  solution  OTaporated  in  the  water- 
bath  to  a  syrupy  state.  The  impure  asparagin,  which  separates  after  a 
few  days,  is  purified  by  re-crystallisation.  Asparagin  forms  brilliant, 
transparent,  colorless  clrystals,  which  have  a  faint,  cooling  taste,  and  are 
freely  soluble  in  water,  especially  when  hot.  When  dissolved  in  a  saccha- 
rine liquid,  which  is  afterward  made  to  ferment,  or  when  heated  with 
water  under  pressure  in  a  close  vessel,  or  when  boiled  with  an  acid  or  an 
alkali,  it  is  converted  into  ammonia  and  aspartie  add,  an  acid  metamerio 
with  malamic  acid. 

Asparagin  differs  from  malamide  in  crystalline  forms ;  moreover,  it  con- 
tains water  of  crystallization,  the  composition  of  the  crystals  being  C^H, 
N,0, .  HJ3,  whereas  those  of  malamide  are  anhydrous.  The  two  sub- 
stances differ  also  in  their  action  on  polarized  light,  malamide  having  a 
specific  rotatory  power  of  — IT'd'^,  whereas  that  of  asparagin  in  an  acid 
solution  is  -(-  3^^«  ^^^  ^^  ^^  ammoniacal  solution  — 11®  18^  Lastly,  mal- 
amide, when  treated  with  alkalies^  is  easily  resolved  into  ammonia  and 
malic  acid,  whereas  asparagin,  as  already  observed,  yields  ammonia  and 
as  par  tic  acid. 

The  difference  of  constitution  between  these  metamerio  bodies  may  be 
represented  by  the  following  formulse  : 


COOH 

COOH 

CONH, 

CONH, 

CHOH 

CHNH, 

CHOH 

CHNH, 

<5H, 

k 

CH, 

CH, 

iooH 

COOH 

COOH 

COOH 

alio  acid. 

Aspartio 

Malamic 

Asparagin. 

acid. 


acid. 


CONH, 

CHOH 

CH, 

CONH, 
Malamide. 


These  formulm  indicate  that  aspjartic  acid  is  bibasic,  malamic  acid  and 
asparagin  monobasic,  and  malamide  neutral.  Now,  malamide  is  certainly 
neutral,  and  asparagin  forms  salts  by  substitution  of  metals  for  one  of  its 
hydrogen-atoms.  The  basicity  of  malamic  and  aspartio  acids  is  not  very 
distinctly  made  out.  Aspartio  acid  is  commonly  said  to  be  monobasic, 
forming  neutral  salts,  like  C^H^KNO^,  and  likewise  basic  salts  ;  but  the  as- 
patates  have  not  been  very  fUlly  investigated,  and  it  is  quite  possible  that 
these  so-called  basic  salts  may  really  be  neutral. 

There  are  also  phenylated  amides  of  malic  acid,  viz.,  diphenyl-malamide 
or  malamlide,  CaHJC^H^J^NjO,,  and  phmyl-fHalimide  or  malanil,  Ci^H^NO,  es 

(C4H,0,)'''  {  OC  H    '  P'^oduced  simultaneously  by  fusing  malic  acid  with 

aniline;    and  phenyl-malamic  or  malanUic  add,  C,oHi,N04  =   (C^HjO.)''' 

fOC-H, 

•{  NH,    ,  obtained  as  an  ammonium-salt  by  boiling  phenyl-malimide  with 

(OH 
aqueous  ammonia. 

Lastly,  the  action  of  heat  on  acid  Ammomum-maVale  y\^\^«mdlam\)X-u\tn\.e^ 
(C^HgO^'^'^^N,  which  ia  identical  with  the  imide  9t  tumaxvc  ^^qv^^  ^x^^  h(Vx«u. 
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boiled  with  hydroehlorie  or  niirie  add,  yieldi  eoapouids  of  tkooe  oeidf 
with  an  optically  inactiTO  Turiety  of  asfMiiie  add :   CflfiJX  +  2HjO  m 

Amidbs  or  Gmio  Acid.  ^CUrmtUi^  ^tfpJ^fid^^'^m  ^  *  eryiUlfiM 
compound,  slightly  soluble  in  water,  obtained  by  the  aetion  of  aleoholie  aa- 
monia  on  ethyl  or  methyl  citrate.  —  IVyA^iiyi  riYimarirfi,  N^C.H/>J^''(C^ 
H.),H,.  obtained  by  the  action  of  heat  on  nentral  phenylanmmliim  tiktnU, 
C^\U(C^JS)fi^,  Arom  which  it  differs  by  811/),  eiy^taUiaM  frvmaleolMl 
in  colorless  striated  prisms. 

Citrimide  and  citramie  acid  are  not  known;  bat  phtnjiie  diirlMiiiwif 
these  amides  haTC  been  obtained. 


miCLASSIFIlIk  OE&AKIG  COMFOUUDS. 

TaERK  are  still  many  organic  compounds,  especially  those  obtained  from 
Siktural  aoarcGS,  which  cannot,  in  the  present  state  of  our  knowii'nJge,  he 

'  Included  witk  certainly  in  either  of  »he  preceding  groups  or  series.     Some 
of  these  have  been  described  In  connection  wiih  the  more  definitely  known 
eompoands  to  which  they  are  most  cloaely  allied  in  their  origin  or  proper-  ' 
lies.     It  remains  to  de«crihe  Ibe  Organic  Coloring  pHnciples^f  the  ReaitiB 

I  and  Balsama,  and  the  AlbumiuouH  and  tJelatinous  prtnoiples  of  the  living 
organism;  these  last,  however,  will  be  most  cuuTemently  de^scribed  under 
the  head  of  "jlnimal  Chemistry."* 


I 
I 

I 


ORGANIC  COLORING  PRtNCrPLEa 

The  organic  coloring  prineiptefi  are  substances  of  t'ery  considerable  prac- 
tical importance  in  relation  to  the  arts;  several  of  Ihem,  loo,  hnve  been 
made  the  subjects  of  ex(  enaive  and  succesjifnl  chemical  invcH^tigntiou,  With 
the  exception  of  one  red  dye,  cochineal^  they  are  all  of  vegetable  origin. 

The  art  of  dyeing  la  founded  upon  an  affinity  or  attraction  existing  be- 
tween the  coloring  matter  of  the  dye  and  ihc  fibre  of  the  fabric.  In  wool 
and  silk  this   aflinity   is  usually  very  couHiderable,  and   to  such   tisi^ues  a 

rrnianent  stain  is  very  easily  communicuted;  but  with  croltoti  and  tlax  it 
muoh  weaker.  Recourse  is  then  had  to  a  third  substance,  which  does 
|M>S8e8s  such  af^nity  in  a  high  degree,  and  with  this  the  ctotb  is  impreg- 
nated. Such  substances  are  termed  mordnnU.  Alumina,  ferric  oxide,  and 
stannic  oxide  are  bodies  of  this  class. 

When  an  infusion  of  some  dye-wood,  as  logwood,  for  example,  is  mixed 
with  alum  and  a  little  alkali,  a  precipitate  falls,  consisting  of  alu^nina  in 
combination  witb  coloriug  matter,  called  a  take ;  it  Is  by  the  formation  of 
this  iasoluhle  substance  within  the  fibre  that  a  permanent  dyeing  of  the 
eloth  is  ciTectcd.  Ferric  oxide  iif;nt«lly  gives  rise  to  dull,  heavy  colors; 
alumina  and  stannic  oxide,  especially  the  latter,  1o  brilliant  ones.  It  is 
easy  to  see  that,  by  applying  the  mordant  pariiaUtj  to  the  cloth,  by  a 
wood-block  or  otherwise,  a  pnttcrn  may  be  produced,  as  the  Color  will  be 
removed  from  the  other  poriiona  by  waabing. 

Indigo.  —  Indigo  is  the  most  important  member  of  ihe  group  of  blue 
coloring  matters.  It  is  the  product  of  several  species  of  the  genus  Indigo- 
ftm^  which  grow  principally  in  warm  climates.  When  the  leaves  of  these 
plants  are  placed  in  a  vessel  of  water  and  allowed  to  ferment,  a  yellow  aub- 
itance  is  dissolved  out,  which  by  contact  of  air  becotraes  ileep*blcie  and  in- 
Botuble,  and  inally  precipitates.  This,  washed  and  carefully  dried,  con- 
Vtitutes  the  indigo  of  commerce.     It  is  not  contained  ready  formed  in  tlie 

Slant,  but  is  produced  by  the  oxidation  of  some  snbiiitance  there  present, 
either  is  the  fermentation  essential,  as  a  mere  infusion  of  the  plant  ia 
hot  water  deposits  indigo  by  standing  in  the  air. 

The  occurrence  of  small  quantities  of  indigo  in  urine  had  been  ohserved 
by  Hassalt  and  others:  it  was,  however,  generally  considered  as  a  morbid 
secretion;   but  lately  Dr.  Schunck  has  proved  that  traces  of  indigo  may  be 


J 


secretion;   but  lately  L>r.  nctiuncR  tias  proved  tuat  traces  ot  imligo  may  be  j 

I  procured  from  healthy  urine.     The  process  by  means  of  which  this  object     ^J 
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lo   mil  1^^ 

ad  FpriMrl       1 


m»j  b«  obuined  it  rmilier  eompIieftt«d.  For  a  deaeription  of  tHii  proc< 
&Drl  for  «  full  ftocottol  of  his  reaearebes  on  tlie  formattoii  of  ui4lgo-blii<, 
which  vrould  orersUp  the  limiU  of  tlib  elcixietil&tj  work,  ibo  rentier  b  r«- 
ferreit  to  Dr.  BchuDck'a  originAl  papers.* 

Indigo  comes  into  the  market  ia  the  form  of  enbic  c»ke««  which,  whta 
rubbed  with  a  h^rd  bodjr^  exkibiU  m  copper-red  sppeAruiee :  iu  powder 
hftfl  A  deep-blue  linl.  The  best  indigo  is  so  light  ma  to  floi»t  upon  wier. 
In  a^ldiiioQ  to  the  blue  coloring  matter,  or  true  indigo,  it  contains  mt  least 
half  it«  weight  of  TariouB  impurities,  among  which  maj  be  noticed  a  red 
reoinous  matter^  the  md^o^ed  of  Bencliua  :  these  maj be  esiracied  bj boil- 
ing the  powdered  indigo  in  dilute  acid,  in  alkali,  and  aflerwafda  in  alcohol 

Pure  indigo  Is  quite  insoluble  in  water,  alcohol,  oils,  dilute  acids,  and 
alkalies;  it  dissoKes  in  alxmi  15  parts  of  concentrated  mlphuric  acid, 
forming  a  deep-blue  pasty  maat^  entirelj  soluble  in  water,  and  often  ujied 
in  djreing;  this  is  tulphmdylie  or  nUphtndtffOiie  add^  a  compound  analogous 
to  ethyl^^ulphario  acid,  capable  of  forming  with  alkaline  bases  blue  salts, 
whichi  though  easily  soluble  in  pure  water,  are  insoluble  in  j^aIidc  •'olutii'nii 
If  an  insufficient  quantity  of  sulphuric  acid  has  been  c  ic 

digestion  not  long  enough  continued,  a  purple  powder  is  k-  i  c 

acid  mftfis,  soluble  in  a  large  quantity  of  pure  waien     The    '  n 

acid  answers  far  belter  for  diasolTing  indigo  than  ordinary  oi 
Indigo  may,  by  cautious  management,  be  Tolaiilized:  it  forms  a 
pie  vapor,  which  condenses  In  brilliant  copper-colored  needles. 
method  of  subliming  this  substance  i8,  according  to  Mr,  Taylor,  lo  mix 
with  plaster  of  Paris,  make  the  whole  into  &  paste  with  water,  und  pprt^t' 
it  upon  an  iron  plate,  1  part  indigo  and  2  parts  plaster  answer  very  well 
This,  when  quite  dry,  is  heated  by  a  spirit-lamp:  the  Tolatilttafion  nf  the 
indigo  is  aided  by  the  Tapor  of  water  disengaged  from  the  gypstim,  and 
the  surface  of  the  mass  becomes  covered  with  beautiful  crysiala  of  pur*  in- 
digo, which  may  be  easily  removed  by  a  thin  spatnla.  At  a  higher  tcni* 
per&ture,  charring  and  deoomposition  lake  place. 

In  contact  with  deoxidiiing  agents,  and  with  an  alkali,  indigo  ffulfers  • 
very  curious  change :  it  becomes  soluble  and  nearly  colorless,  perhaps  re* 
turning  lo  the  same  state  in  which  it  existed  in  the  plant.  It  fs  on  this 
principle  that  the  dyer  prepares  his  indigo-vat:  6  paHa  of  powdered  Indigo. 
10  parts  of  green  vitriol,  15  parts  of  slaked  lime,  and  60  parts  of  water, 
are  agitated  together  in  a  close  vessel,  and  then  left  to  stand.  Tb*»  f^frr^vnt 
hydrate,  in  conjunction  with  the  excess  of  lime,  reduces  the  il]<^  ^t; 

snluble  state  :  a  yellowish  liquid  is  produced,  from  which  acid^  o 

the  whiu  or  diozidiztd  indigo  as  a  Hocculent  insoluble  substance,  ^vjucn  ub- 
sorbs  oxygen  with  the  greatest  avidity,  and  becomes  blue.  Cloth,  steeped 
in  the  alkaline  liquid,  and  then  exposed  to  the  air,  acquires  a  deep  and 
most  permanent  blue  tint  by  the  deposition  of  solid  insoluble  Indigo  in 
the  iubstanoe  of  the  l^bro.  Instead  of  the  iron  salt  and  lime,  a  mixture  of 
dilute  oaitattc  soda  and  grape-sugar  dissolved  in  alcohol  may  be  used:  the 
sugar  becomes  oxidixeil  to  formic  aoid,  and  the  indigo  reduced.  On  allow* 
ing  a  solution  of  this  description  to  remain  iu  coutnct  with  the  air,  it  ab- 
sorbs oxygen,  and  deposits  the  indigo  in  the  cryatalline  stat^. 

The  following  formuloe  repretent  the  composition  of  the  bodies  jnat  do* 
scribed: 

Blue  insoluble  indigo     .         •         •         .         C^H^NO. 
White,  or  reduced  indigo  t    •        •         -        C,    '   " 


Sulphindylic  &cid 


♦  M^mntrs  of  th<»  LHorory  And  Flilloviphtcal  PddHy  of  H<in«faoil«r,  vol,  slL  177;  riV.' 


S3P:  nl*<>  Phlloiioplkic&l  Mn^axlUQ  [ai  x.  tZ;  xv.  W;  [4],  %^.  £9.  ItT 

•Vtr,  bo  flewwl  ai  ft  hydr^it,  wAWwbXx^^^  Vk,  mi  «iVi*^m  o^ 
WbtielQd\gp 
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PaoDiroTs  OF  THE  Dbcoxpositiok  OF  Inhigo.  —  The  produda  of  the  de- 
eiruciivu  mudificatiQaii  of  iudigo  hy  powerful  cliDioicu!  ngeats  of  an  oii- 
dlting  usture  are  both  oumtTouij  aud  intercBtiug,  iniidiiiut;!!  fm  tliey  conniict 
tbia  sub^tiLUce  in  a  verj  curiouH  Juaniier  wilii  several  other  groups  of 
orgiLalc  bodiesj  cBpecialiy  wiiU  tliuee  of  Uie  suliejl  and  phenyl  acric«. 
Mixtiy  of  ihcm  are  cxcceiiiugly  hcnutiful,  and  posaesB  very  romarkabk  pro- 
pcrlieti* 

IsATiK,  CjHjKO^  —  To  prepare  tbi«  aubsUtice,  which  contains  the  ele- 
meut^  of  indigo  with  1  atom  of  oxygen^  1  part  of  indigo  reduced  to  fiiio 
powdor,  and  rubbwd  to  a  paste  with  water,  ia  gcnlly  heated  wiib  a  niixtiir© 
of  1  pari  of  Hulphuric  acid  and  1  part  of  potasmuin  bichrotnatc  dissolved 
in  20  or  ^0  parts  of  water.  The  itidigo  dissolves,  with  very  slight  di^eti- 
gugemeat  of  carbon  dioatide^  towards  the  en<l,  forming  a  yellow-brown 
aolutioQf  wbiob,  on  standi  tig,  deposits  iinparo  txatin  jti  crystals.  These  nre 
collected,  slightly  washed,  and  redissolved  in  boiling  water:  the  filtered 
fiolutioti  on  cooUng  deposits  tlio  isaiin  in  a  state  of  purity.  Or*  powdered 
indigo  may  be  mixed  with  water  to  a  thin  paste,  heated  to  the  boiling  point, 
in  a  large  capsule,  and  nitric  acid  added  by  pmall  portions  until  the  blue 
color  diEsappcara  :  the  whole  is  then  largely  diluted  with  boiling  water,  and 
filtered*  The  impure  iaatin  wbieb  separatea  on  cooling  in  washed  with 
water  COQ twining  a  little  ammonia,  and  recryHtallixed.  Both  IbcHe  pro- 
coissc^  require  careful  management,  or  the  ozidiziug  action  proceeds  ton 
far,  linJ  the  product  is  destroyed. 

Isatin  forms  deep  yellowish- red  prismatio  crystals  of  great  beauty  and 
lustre:  it  h  wparingly  soluble  in  cold  water,  freely  in  boiling  water,  and 
also  in  alcohol.  The  solution  colors  the  skiti  yellow,  and  causes  it  to  emit 
&  very  disagreeable  odor.     l'?atin  cannot  be  aublimed. 

A  solution  of  potash  dissolves  imitin  with  purple  color  :  from  this  ioltition 
acids  precipitate  the  isalio  unchanged.  On  boiling,  however,  the  color  is 
dcittroycd,  and  the  liquid  yields  on  evaporation  crystals  of  the  potaKsium- 
Bait  of  i«a(ie  arid^  Cgll^NO^.  In  the  free  8lat€  this  is  a  white  and  imper- 
fectly crystalline  powder,  soluble  in  water,  and  easily  decomposed  into 
isatin  and  water. 

hy  chlorine  isatin  is  converted  into  ehhrisadn,  C^H^CINO^  a  body  closely 
resemtjiling  taatin  itself  in  properties.  If  an  alcoholic  solution  and  exccfis 
of  chlorine  be  employed,  other  products  make  their  appearance,  as  chhranitt 
CgCl^U^  (rtchlorophenol,  C^H^Vl^O^  and  a  resinous  substance.  The  former 
of  these  sub^tnnces,  the  poBition  of  which  in  the  quinone  series  has  been 
alrea*ly  noticed  jp,  tiSl),  yields  further  products  with  potash  and  ammonia. 
Mromuadn  is  easily  formed.  The  change  which  if^atin  and  its  chlorinated 
and  brominated  congeuers  undergo  when  submitted  to  the  action  of  fusing 
potaseiuui  hydrate  has  been  already  considered  in  the  section  on  the  Or- 
ganic Bttsea  {p.  74Qj. 

Kiposed  to  the  action  of  hydrogen  and  ammoniura  «u^phide,  isatin  yields 
aeveral  new  com[)ounds^  as  i*athyde,  xufphUttthftdf^  &0. 

A  hot  solution  of  i«utin,  treated  with  amtnoniutn  sulphide,  gives  rise  to  % 
depcait  of  aulpliur,  a  white  crystalliied  suhntnnce  being  produced  at  the 
name  time:  it  has  received  the  name  of  hoffti/de^  and  contains  Cjff^NOj, 
It  bears  to  iaatin  I  he  aniue  relation  as  white  lo  blue  indigo.  If  the  nm» 
inonium  sulphide  be  replaced  by  hydrogen  sulphide^  6j>w/;>A*>/;r^Ay(/^  t^lI^NOH, 
18  produecd,  which  is  derived  from  the  former  by  Pubntilution  of  one  atom 
of  sulphur  for  oxygen.  An  alcoholic  solution  of  potash  converts  this  last 
compouml  into  nutphiAathyde,  C,,H|^N,0,8,  or  a  doulde  molecule  of  isathyde 
in  which  one  quarter  of  the  oxygen  is  replaced  by  su\\>Wt.  \aTAfe\  \Jek^*vi\- 
fluence  of  cold  rtf/ticous  solution  of  potasli,  VisuLV^jkVfeaXXvj^^  Y^%^^*  vtxAw^ 
CgH^'Of  which  ia  pifl^meric  with  white  indigo*     ^j^wiV-x^^^J^^^-^^^'^'^'^ 
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«C  wmm  ftnlfciile  of  water,  m,.  ....,.,.»»  . 
«f  wkiek  rerns  tee  btaek  ii««lUi. 
•f  — onti   ri«ld  wiUi  isai la  &  •rrir«  nf 
li#  altrofen  oC  ikm  amnisftja  kn  «4diiJofi 


i^ct««s  m  Cmumam  mm  Ummc. » In  tke  ^  Haft  ebUHiie  Ium  im  sof Us 
wiMewr  «tt  M^pa^  €■▼««  al  lk«  t««y«ntm  of  100^.     la  ronmri  wuh 
tee.  1^  Mm  —lar  b  'mmmmkf  ^eaa^j^  aad  <mf»iiot   ttpim    he  rcti^rij 
TW  —  ihi^C  iappffx  wuli  Uk  yii» Kim ;  »uti     VUfl 

cftJarsM  it  fMiMi  ial#  a  musw*  of  powilt  rr  unuJ  I 

>alir  Jidfpftm,  aad  iW  prwioet  ia  tktm  4As*ni^i  un'»  a  r.  i  «.t  i 
laiaif  %yjrRek)«ra  ac>4  aaii  »  mixisre  of  two  vgbiiU<»  UttWr - 
iliftt,  €^^/\5,  attd  triekloroybcaal,  C^^^UJ    i>»i<>.  .  \  rr    i  i. 
wluW  1^  raiiftBO  ia  i^  r«u>ri  is  fova^  i<»  -. 

tloM4,  oaA  lirMiriiMfw,  tVB/V^  w>«^  ^ 

frvclj  ootey*  »  akolioL    Both  them  bodit*  ^v  ^  ui  iw^L^ti  wtU» 

botlia,^  aolBiion  of  poUs^  lij  •saMlaua^  llio  vi  .  waier. 

Iltt  ntumm  of  kroouBO  oa  tadigo  it  Tcry  similftr. 

Avnje  AXi»  Picuc  Antra, — AaDIe  or  laJifoti^*  nciJ  Ta  t>rrrittr<«(^  l.r  «34. 
tag  pvw«l«re4  iB4li|:o  lo  »  boiling  luiitur  ;0 

p«ft«  of  ^aler,  uittif  iht  dts^rogagemeiit  of  ^  k- 

colorod  liquid,  ood  AUowing  it  to  Mond.     The  iuiiHii^L  il 

It  voBfertcd  into  iht  kad-saVu  which  i^  |vurifirtl  hj  <  >« 

tu«  of  oaimftl   chmrcooL,  and  then  dt: 
oeid  forma  fine  while  or  jclloi»i*h  m- 
and  m  Tcry  fjuLriDg  defTce  of  sohtbiliri   m.  ..    .^^  <^.*iii.      ^i 
akohvl  it  dissolves  eafiilj.     ll  melia  i^hrn  litaied.  and  on. 
a  crystalline  ^truelure.     B/  carrfitl  friatiiigcmrnt  it  may 
cbaitged.     Anaic  acid  contains  C^II^KU^  =  CJ(j;NO,ili^     Th* 
readilr  prepared  from  saticjrlic  acid  {p,  (>oo^.     Hence  ii  ia  i. 
prialeij  called  mtnualieylic  acid. 

Icteric,  €arlMiot%e^  or  nitrophtnit^  aad^  (^n,i50,),0,  already  described 
among  ihe  deriralives  of  phenol  (p.  6^2),  is  alao  one  of  li^e  ullLBiate  pro4oci4 
of  the  action  of  nlLrio  aeid  upon  indigo, 

PiioPt^cTt  or  THM  Action  or  PciTA»»nTif  Htdbatie  vtov  l%i*t<io,  — One 
of  tti«  most  remarkable  of  ibefle,  aniline,  baa  been  already  dfacribed  i  p, 
739).     When  powdered  indigo  ts  boiled  with  a  very  conc<  i  ■    .    -       ^ 

of  eauatic  potasbf  it  la  graduallj  diasoWed,  with  the  er> 
browniah  flocculent  matter,  and  the  liquid  on  cooling  de}M 
taU  of  the  pota? sium-salt  of  chrytaniiic  acid,  which  can  be  pr  t 

alale  by  disoolving  the  crjAtala  in  wafer,  lillcring  frow  r*^ 
and  ndding  a  slight  excels  of  mineral  acid.  Chry%anilj' 
tained  in  indistinct  crystals  from  weak  alcohol ;  it  is  iiu\>\  ^^ 

'^w^^zj'^VV:  but  it  is  Tory  probably  a  mixture  of  scTeral  eubbUiiicej,  mf 
c tally  ittatio  acid. 

When  ihiH  substance  is  boiled  with  mineral  acid?,  it  h  r^ 
iinthrtmiltc^    or  phrfi^t-curhamtc  nfid,    C^H-NOj    (p.    770),    ^\ 

Kohiliuii,  find  a  blue  inaoluble  matter  reeembting  indigo:  a 

aloivly  produced  by  the  action  of  the  air  upon  an  alcohiiHc  sohittim  ofrbr^ 
anilic  acid.  Antbranilic  aeid  is  colorless,  sparingly  ftoluble  in  culd  W3t« 
easily  utiluble  in  alcohol,  ll  tuelts  when  heated,  aublimes  under  favorah 
oirciimFttuncc^,  but  decomposeii  eurirely  when  heated  in  a  narrow  tube  rnl^ 
tjarhim  dioxide  iiud atiiViue.  Ti^  VTttkVm^Ti.VvivvVi.'wiitcinB  acid,  it  h  eonverte 
into  Miltcvlio  ftcuL 

According  to  CaliO^^Tft,  p^irii  vtwiiA?,^  tiwa.  is2aw4  \s*  twv^^xvsi^  \BM«k  tMduM^NMt. 
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acid  bj  fusion  with  potash :  a  pafticiilar  temperature  is  required,  some- 
what above  299^  C.  (670°  F.),  and  the  operation  is  by  no  means  always  sue- 
cessfuL 

Lieheni.«-Xt^tM  is  used  by  the  dyer  as  a  red  coloring  matter;  the 
chemist  employs  it  in  the  blue  state  as  a  test  for  the  presence  of  acid,  by 
which  it  is  instantly  reddened. 

In  preparing  test-papers  for  chemical  use  with  infusion  of  litmus,  good 
writing  or  drawing  paper,  free  from  alum  and  other  acid  salts,  should  be 
chosen.  Those  sheets  which  after  drying  exhibit  red  spots,  or  patches, 
may  be  reddened  completely  by  a  little  dilute  acetic  acid,  and  used,  with 
much  greater  advantage  than  tumeric-paper,  to  discoyer  the  presence  of 
free  alkali,  which  restores  the  blue  color. 

Many  liquids,  when  exposed  in  a  moistened  state  to  the  action  of  ammo- 
nia, yield  purple  or  blue  coloring  principles,  which,  like  indigo,  do  not 
pre-exist  in  the  plant  itself.  Thus,  the  Roecella  tineioria,  the  Variol^ria  or- 
eina^  the  Lecanora  tartarea,  &c.,  when  ground  to  paste  with  water,  mixed 
with  putrid  urine  or  solution  of  ammonium  carbonate,  and  left  for  some 
time  freely  exposed  to  the  air,  fUrnish  the  archil,  lUmiUy  and  cudbtfir  of  com- 
merce,  very  similar  substances,  differing  chiefly  in  the  details  of  the  pre- 
paration. From  these  the  coloring  matter  is  easily  extracted  by  water  or 
Tery  dilute  solution  of  ammonia. 

The  lichens  have  been  extensively  examined  by  Schunck,  Stenhonse, 
and  several  other  chemists.  The  whole  subject  has  been  lately  revised  by 
Strecker,  whose  formulas  have  been  adopted  v^  the  following  succinct  ac- 
count: 

Ertthrio  Acid. — The  lichen  RocctUa  tinctoria,  f^om  which  the  finest 
kind  of  archil  is  prepared,  is  boiled  with  milk  of  lime;  the  filtered  solu- 
tion is  precipitated  by  hydrochloric  acid,  and  the  precipitate  dried  and  dis- 
0olve<l  in  warm,  not  boiling  alcohol,  from  which  on  cooling  crystals  of  cry- 
thrio  acid  are  deposited.  This  is  a  very  feeble  acid,  colorless,  inodorous, 
difficultly  soluble  in  cold  and  even  in  boiling  water,  readily  soluble  in  ether. 
Its  solution,  when  mixed  with  chloride  of  lime,  assumes  a  blood-red  color. 
Boiled  with  water  for  some  time,  erythris  acid  absorbs  one  molecule  and 
yields  picro-erffthrirk,  a  crystallizable,  hitter  principle,  and  orsrUinic  aeid.  If 
the  ebullition  be  continued,  the  orsellinic  acid  undergoes  a  further  change, 
being  converted  into  orcin  (p.  552). 

Picro-erythrin,  boiled  with  baryta- water,  is  decomposed  into  orcin,  ery- 
thrite  (p.  571),  and  carbon  dioxide. 

The  composition  of  these  various  substances  is  expressed  by  the  follow- 
ing formulae : 

Erythricncid ^J^rPio^ 

Orsellinic  acid ^8W8^4- 

Picro-erythrin C^AiJi>y 

Orcin C^llfir 

And  the  successive  changes  which  occur  by  ebullition  are  represented  by 
the  following  equations : 

„c.Hp0.o    +     H,o    =    c,npO,      +      c„n,.o,.. 

Erythric  acid.  Orsellinic  acid.       Picro-erythrin. 

C^H^O^        =        C,H,0,       -\-        CO,. 
Orsellinic  acid.  Orcin. 

C„H^O,     -f     H,0    =    C,H,0,    4-     0,H,oO,     +     CO^. 
Picro-erythrin.  Orciu.  ¥*t^'W\To- 

luainnvve. 
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Lec.^koric  or  AtPHA-ORAfiLLio  Af!iD  i»  oblaincd  from  thu  Hoiith  AoirH* 
can  variety  of  Roerflla  tmcfona.  The  preparation  ftcid  ihi?  propei-iies  <>f 
tida  aiifiMtaiJcc  are  perfectly  analogous  to  iliose  of  erythric  ne'uL  It  con- 
iniiiH  C,0li^|Up  aoil  likewifie  yields  orsellinic  acid  by  boiling  wtlh  buryU- 
wattjr: 

Lccununt;  actd.  QrseUiiilc  acid* 

If  tli«  ebullilion  be  too  long  couimued^  m  grent  portion  of  the  ortellinic 
acid  is  converted  into  orcin. 

OasGLLiNic  Actu,  whetLer  prepared  from  erytliric  or  Iccanorie  wild, 
fugruii!!i  cry8lab{  wiiicb  are  tar  mare  soluble  in  water  thati  (filhcr  of  ibe  acid^ 
frwm  wiiicli  it  bus  been  prepttred.  Its  la^te  ia  somewhat  bitter.  Boiled 
with  water  it  yields  or^iti ;  under  ibe  intluenoe  of  air  and  amiDOiiia^  it  tt»- 
sumeM  a  beauiiful  fiiirple  color. 

If  the  lichens,  iti^lcad  of  being  treated  with  milk  of  lime,  nrr*  ♦■->.-. .^t^ 
witb  boiling  nlcoUol,  the  eryfbric  and  lecauoric  acids  are  lil\  m- 

posecf;  but    inatcad    of  orstellintc   iieid,   the  etbcr  of  tbi&  8ul--  Ji^ 

.(CjjH^)U^»  18  formed,  Thia  cthtr  was  formerly  described  undt^r  ibe  namt 
pumdo-cri/ihrin,  imtil  Ur.  Schunck  pointed  out  its  true  nature.  Etbyl  oreel- 
linate  may  be  likewise  produced  by  boiling  pure  orfellinie  acid  witb  tlco* 
bol,  It  crvBtalliies  in  cclorleBs  lustrous  platef*.  wbicb  are  readily  eolublQ 
in  bailing  waLer^  alcohol,  and  ether* 

Ri;ta-orselM€  Acid  is  found  in  Eotetlla  tmeforia  grown  tl  tlicCape:  ft 
is  obtriined  like  crytbric  und  aIpba-orE<ellic  acid,  which  it  resemblen  in  pro- 
pertie*.  Beta-oraellic  acid  conlnina  Cj^Hjj-O.,;  by  boiling  wiib  water  it 
lilcewise  yields  orsellinic  acid,  together  witli  tmir-like  cryslaJts  of  n  silrerj 
luitre,  of  a  jiubstauce  called  rocttUtntn,  wbich  b»s  tbe  composilioti  C|^||0{. 

BetJU-orffelltc  acid.      Orsellinic  aoid»  RoccclUnin. 

The  decomposition  of  beln-orsellic  acid  Is  obviously  analogous  to  that  of 
erythric  acid,  the  roccellinio  reprcweiiting  the  piero-erytbriu. 

EvFiiMtr?  Acrn  is  extracted  by  inilk  of  lime  from  Frntim  prmnf*trf^  ifbich 
wftf*  formerly  believed  to  contain  lecanoric  acid»  Evernie  acid  i?  very  dtJR* 
cultly  Folubfc  even  in  boiling  T^otcr :  it  a.«sume9  n  yellow  color  with  cbbmde 
of  lime.  When  boiled  with  an  nikali,  it  yields  another  crys^talline  ae»<l» 
fVffninic  aciti,  diffpring  from  the  preceding  by  it»  free  uohibiliiy  in  boiling 
water.  The  composition  of  cvernic  acid  is  represented  by  Ibe  formnli 
C,,I!,^n.,  that  of  cverninic  acid  by  r-H^jO^.  Evernic  acid,  when  boiled  for 
a  coil  i>it  if  arable  time  with  baryta,  yields  orcin :  everninic  acid  doe«  not  gife 
a  Irnee  of  Ihia  Fubstance.  It  is  therefore  probable  that  evernic  acid,  under 
the  influence  of  alkalies,  yields,  in  addilion  to  everninic  acid,  Itkewitie 
orselliuic  acid,  from  vrbich  the  orcin  is  derived,  and  that  ihis  »l.ronij»o*i- 
tion  in  represented  by  the  cquafioQ : 


r„H„o,  +   H,o  =  c,n,o.    +    c,h.,o. 

Evernic  acid,  Orsellintc  acid^    Kvernmic  acid. 


pABicLLic  Ann. — L^eanora  parrll^s  Qnninins  an  acid  probabl;          '  «tj« 

to  ery (hric,  alpha-orsellic,  beta-orsellic,  and  evernic  acids,  tbe  u 
of  which  is,  huwevfr,  still  unknown.  By  boiling  witb  baryta  it  j  iL-i.jB  ui-vi- 
Jfnic  acid  and  purtUic  ttcid,  t\H^O^. 

Orcin,  C,H^0^  k  tbe  ^eiveT%\  v^^xiCiV  q^  'l^toin^oaiiion  of  tin         '  r*^ 

VI  oil  sly  described,  under  \\»e  "ui^wew^ii  t\K  \w*V  v>v  ^(l^V1^^\\».  •"^^  a 

cJiafomic  phenul,  and  has  ik\Tc%*\^  ^ttu  ^*ewitv\iis^^^^\tt  nX^^vuv^.  .  .^  ...^. 
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In  coaUct  with  ammonia  and  nxjgen  it  is  converted  inlo  tb  deep^red  color- 
iug  matter  Galled  orcein^  C,H,NOj. 

Other  substauces  are  occasionallj  present  in  liclie-iis:  thus,  the  Ctnea 
harhata  and  several  other  lichens  eontairi  usnic  acid,  a  substiince  crjatalUztiig 
from  nloohul  in  fine  yellowish-white  uvvdles  with  metallic  luatre,  having 
the  form  Ilia  C,jU,gO^.  It  give**  no  orein  hj  distillation,  but  a  8iib»tiuice 
aimilftr  to  it,  which  probably  contnins  t_*gKnjOj,  and  has  been  designated  by 
the  n&me  of  beta-orcin.  The  ParmcUa  pnTirtina  furniehcs  unolher  new  snb- 
stanoo,  chrifmphank  atid,  cryHtalliziug  in  fine  golden-yellow  gcaleg,  and  eon* 
tttining  C,^Hg*\  It  i»  a  very  stable  substJinee,  and  may  bu  sublimed 
wifhout  iimcS  decomposition.  The  same  body  is  presem  in  rhubarb,  to- 
gether with  emodifif  a  principle  closely  resembling  ehryaophanie  acid* 

Coohineal.  — This  is>  a  little  inaect,  the  Cocats  cacth  which  Uvea  on  several 
species  of  eaetwt,  ftiiind  in  warm  climates,  and  euUivated  for  the  purpose, 
as  in  Cenlral  America.  Th«  dried  body  of  the  insect  yields  to  wtiter  and 
alcohol  a  roagniUcent  red  coloring  mutter,  preeipitable  by  alumina  and 
oiide  of  tin:  earminf  is  a  prepwraiion  of  this  kind*  In  cochineal  the  color- 
ing matter  is  associated  with  several  inorganic  ajilt^,  especially  ph<«HpLate» 
and  niirogenona  aubst-ances.  Mr,  Warren  De  La  Rue,  who  has  published 
a  very  pUborale' investigation  of  cochineal,*  has  separated  the  pure  color- 
ing mutter,  which  he  calls  curmtnic  acid,  by  the  following  process:  The 
aqueous  decoction  of  the  insect  is  jirccipitated  by  lead  acetate,  and  the  itu- 
pure  lead  carioinate  washed  and  decomposed  by  hydrogen  sulphide:  the 
coloring  mailer  ihtts  sepArnted  is  submitted  agttin  to  the  Rnme  tri'uUnpTit. 
A  solution  of  cnrmiuic  acid  is  tlius  obtained,  which  is  evaporated  to  dry- 
neeiij,  redissolved  in  absolute  alcohol,  and  digested  with  crude  lead  car- 
bonate, whereby  a  small  quantity  of  phosphoric  no  id  is  separated,  and, 
lastly,  mixed  with  ether,  which  separates  a  trace  of  a  nitrogenous  substance. 
The  residue  now  obtained  on  evaporation  is  pure  carminic  acid.  It  is  a 
purple-brown  ni^s,  yielding  a  fine  red  powder,  soluble  in  water  and  alco- 
hol in  all  proportions,  sligbdy  soluble  in  ether.  It  is  soluble  wiihont  de- 
composition in  concentrated  sulphuric  acid,  but  readily  attacked  by  chlorine, 
bromine,  and  iodine,  which  change  its  color  to  yellow.  Ft  resisis  a  tem- 
peraiure  of  ISti**  C»  (277°  F/),  but  ts  charred  when  heated  more  »*trougIy. 
Cartninic  acid  \%  a  feeble  acid.  The  composition  of  the  substance,  dried 
at  VliP  C:  (.:48°  F,),  is  represented  by  C,^il.^l\,  which  formula  is  corrobo- 
rated by  the  analysis  of  a  copper  compound.  l^C,^lIj/>g.  CuO. 

By  the  riction  of  nil  He  acid  upon  carmioic  acid,  there  is  formed,  together 
with  oxalic  acid,  a  splendid  nitrogenetted  apid»  crystnlliiLing  in  yellow 
rhombic  platus*  This  substance,  to  which  the  name  nitrocorctmc  </ci>/ was 
given,  is  bibasic:  it  contains  OgtIjNjO,,  If  is  soluble  in  cold,  more  so  in 
boiling  water,  and  readily  solublo  in  alcohol  and  ether.  Nilrococcnsio 
acid  is  evidtmtly  derived  from  a  non-nitrogenous  compound  in  which  part 
of  thu  hydrogen  is  replaced  by  NOj.  Like  all  substances  of  this  clasSf  it 
explodes  when  heated. 

In  the  nioiher-liquor,  from  which  thecarminic  oeid  has  been  pepTir«ted, 
De  La  Rue  discovered  a  white,  crystalline,  nitrogenous  substance,  for  which 
he  established  the  fortuula  rgH,,NO,.  This  substance  is  identical  with 
tjfrosifif^  which  will  be  mentioned  m  tlio  section  on  Animal  Chemistry^ 

Madder  —The  root  of  the  Ruhift  tittctorum,  cultivated  in  southern  France, 
the  Levant,  &c.»  Is  the  most  permanent  and  valuable  of  the  red  dye-stuffs. 
In  a<idition  ro  several  yellow  coloring  matters,  which  are  of  liltlc  impor- 
tance for  the  purpo^'es  of  the  dyer,  madder  contains  two  red  pigments, 
which  arc  called  ati^^inn  and  purpttrin.     These  ftivh6ta.tv<i<ia  Ws^Vi'twa.  >3q& 

•  afemoiri  of  Ibe  Ctieinicul  tkn:1«i),  XMVAiV.  V>  *^- 


lM)l!!tig^  tli«  pr#«ipltftl#  with  »  e4»ao«iitr» 

a  pun*  cornpountl  of  &luDUii&  uid  aiixAri 
is  Sfj'anited  by  b^fdrochltirio  acid  and 
alizuriD  crjtaUlUzeg  in  splendid  r«d  pris 
but  .sligUtly  soluble  in  water  and  in  alc< 
Hulphuric  acid  with  adcf?p  red  color.  On 
ter  is  rcprecipitated  uncbauged.  It  is iilao 
it  imparti  a  ningui6ei?nt  purple  color, 
fklnm.  AUzjiriu  is  tbc  chief  coloring  tnf 
0| .  2H,0,*  iiod  is  a  feeblv  acid:  m  few 
Qxidca  bihve  been  prepared^  among  vfh 
SCftlljO,,  nmy  be  mentioned.  The  actio 
ri8«>  to  the  rornialiou  of  oxalic  acid  and 

C  oH.O,    4-     H,0     +     O,     = 
Alizarin. 

PunrrinN.  —  Madder  isi  allowed  to  fen 
fiolntion  of  alntn.  The  solution,  when  B 
red  precipitate,  which  h  ptirified  by  re-i 
purin  thus  obtained  cryttlallizei*  in  red  m 
f.  «?,»  one  atom  of  carbon  lesa  than  alisari 
piirpurin,  like  alixariu,  fumi^ihes  oxalJ 
likevi^ise  eootrlhutcs  to  the  tinctorial  prof 
aliuirin.  Together  with  alixarin  and  pi 
occur  in  madder,  among  which  may  bo  m 
convertible  by  oxidiEing  agents  iato  ft  pfi 
pigment,  ranthm,  a  bitter  principle,  rahm 
resins,  Ac. 

Gnriinein  ia  a  coloring  miit«ria1,  which  i 
phuric  acid  upon  madder.     This  subi 
power  than  madder  itself. 

The  beautiful  Turkrif-red  of  cotton 
by  a  Tcry  complicated  process,  the 
elucidated. 

iaJBovor.  —  This  substance  contains  i 
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In  the  1tf|uid,  nnd  aectio  acid  gradualljr  added.  The  dried  cotton  is  then 
digested  in  u  fre»li  quantity  of  the  alkaline  solution,  and  thf  liquid  supersatu- 
rated with  citric  ucid, which  Ibrowsdown  Ihecarthamin  in  carmine-rud  Sacks. 
It  forms,  when  pure  and  dry,  an  amorphous*  brilliaut,  greiMi  powder,  nearly 
insoluble  in  water,  but  soluble  in  alcohol  with  t^pli^udid  purple  color.  It 
contains  Ci^H,gO^. 

Brniil'Wood  and  Loffwoodi  give  red  and  pnrplc  infusions,  which  are  largely 
uiied  in  dyeing:  the  coloring  priuciplc  o('  logwood  ts  termed  hcmafori/Unt 
nd  has  been  obtained  in  crystals.  This  substance  oontaina  r,0H,^U#.  AoiUfi 
ghten  iheac  colors,  and  alkalies  render  them  purple  or  blue. 
Among  yellow  dyes,  quercitron  barky  /u^fic-fcvoti,  and  »affrott  may  be  men- 
oned,  and  aho  turmeric:  the^e  all  giye  yellow  infusions  to  waler^  and  fur- 
nish more  or  less  permanent  colors* 

Purree  or  Indian  yelloWi  a  body  of  unknown  origin,  used  in  water-color 
painting,  is*  according  lo  the  researches  of  St«;nhnu>e  nud  Erdmann,  a 
coiopcmnd  of  mugnc^^ia  with  a  subiilance  termed  jmrrdc  or  tuxanthk  acid. 
The  lalier,  when  pure,  orystalliies  in  nearly  colorless  needles,  sparingly 
soluble  in  coM  water,  and  of  sweetish -hitter  taste.  It  forms  yellow  com- 
pounds with  ihe  ftlkHlies  and  earlh»,  and  is  dccumposed  by  heal,  with  pro* 
ductjiin  of  a  nenlral  crystalline  sublimate,  purrmone  or  euznnthotti.  Purrclc 
C„il,^Oi|,  purrenone  €'jpH,/V     By   the  action  of  chlorine, 

'omine,  and  nitric  acid,  a  scries  of  substiuition-products  arc  formed. 

Franpilin,  <''^H/»^,  from  Rharmmt  /ranffUkit  baa  been  already  mentioned 
as  a  tnatoutic  phenol  (p.  571). 

Morindiu,  C^Hj/ljj,  is  a  yellow  crystalline  coloring  matter,  occurring  in 
the  root  of  Motimin  eitri/uiia,  called  Sorui^/te  in  the  East  Indies,  When 
heated  it  is  converted  into  a  beautiful  crystalline  body,  monndone^  contain- 

Aloei — tVrtain  of  the  produeta  of  the  action  of  nitric  acid  upon  ah^t^ 
▼ery  much  resemble  some  of  the  derivatives  of  indigo,  without,  however, 
it  ieem.H,  being  identical  with  ihem.  Powdennt  nloei*,  heated  for  a  consid- 
l^rable  time  with  eiceaa  of  nioderiitely  laitrong  nitric  ncid,  yields  a  deep-red 
solution,  which,  on  cooling,  deposits  a  yellow  orystalline  nin^s.  This,  puri- 
fied by  suitable  means,  coui^titutes  ehrf/^amtnie  arki:  itoryfttnlliiea  in  goldenr 
yellow  scales,  which  have  a  bitter  taste,  and  are  but  sparingly  soluble  in 
water.  Its  potassium-salt  has  a  carmtnc-red  tint,  and  cihibits  a  green  me- 
tallic lustre,  like  that  of  murexide.  The  formnla  of  chrvsrimniic  acid  is 
not  perfectly  efftablished.  It  is  probably  r,HjNj<\or  t",  H",!  NOj)^©,.  Like 
picric  acid,  it  yields,  with  chloride  of  lime,  ehtoropkrjti  The  mother- 
Uqttor*  from  which  the  chrysauifnic  acid  has  been  deposited,  contains  a 
second  acid,  the  chrifmlrpir^  which  also  forms  golden-yellow,  sparingly  sol- 
uble, scaly  cryftlals.  The  potassiuin-pfilt  forms  small,  yellow  prisms,  of 
Utile  solubility.  It  explodes  hy  heat.  Chrysolepic  acid  contains  C^HgNgO,: 
It  is  Biaid  to  be  identical  with  picric  acid. 

To  those  may  be  added  the  iUjphme^  or  oxypkrie  aciti^  described  by  Bott- 
ger  and  Will,  produced  by  the  action  of  nitric  acid  of  »p.  gr,  1-2  upon  <t##o* 
fertidu  and  several  other  gum-resins  and  extracts,  Brazil- wood  and  purree, 
when  treated  with  excess  of  nitric  acid,  likewise  yield  styphnic  ncid.  It 
Ory0taliit««,  when  pure,  in  blender,  yellowish- white  pri^Jims,  sparingly  sol- 
uble in  water,  readily  disf*oWed  in  alcohol  and  ether.  It  has  a  purely 
astringeut  taste,  ami  stains  the  skin  yellow.  By  a  gentle  heat  it  melts, 
»nd  on  cooling  becomes  crystalline:  suddenly  ami  strongly  heated  it  burns 
like  gun-pow^ler.  It  nUo  yields  chloropicrin.  The  wvU*  <^t  vV\\*i  -%\\\\'frVvkWSA 
mostly  crystrtllijEc  in  orange-yellow  needles,  aTi\d  ei.\>W\^  'w\\\v  ^v.^\  V\^«vsia^ 
bjkeau     8tfphmc  add  contains  C*U,^,0„  i,  c.,  mew  ^^vii  ^\i»Xftm-" 
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RESINS  AND  BALSAMS. 

Gomizion  resin,  or  colophonjf,  furnishea  perhaps  tli«  be«t  example  of  Uxt 
c\h8s.  It  is  the  resinous  aubstaTic^  wiiich  rem&izifl  when  turpenline  <*t  ptne 
rcBin  h  heated  titl  the  water  and  Tolalile  oil  are  expelled,  aud  is  a  mlxiure 
of  two  dii)tinct  bodies  havings  aoid  properllee :  viz.,  abietic  acid^  ^u^^tPy 
which  19  crystallixiible^  and  pmic  acidy  C^H^O^  which  is  Amorphotiff.  These 
acids  may  be  separated  from  each  other  by  their  diffureuce  of  solubility  in 
cold  and  isuuiewhat  diluie  alcoholf  the  latter  being  by  far  the  more  «olub)e 
of  the  two.  Pure  abietic  acid  crystallixes  In  Hmall^  colorless,  rhombic 
prisms,  insoluble  in  watert  t^oluble  in  hot  atrong  alcohol,  in  volatile  oila, 
and  in  ethur.  Il  muha  when  hcAted,  but  cannot  be  distillled  without  de- 
composition. An  alcoholic  solution  of  abietic  acid,  precipitated  l»j  miJ- 
phuric  aoid,  yields  another  orystaliinc  acid  called  gylvic  arid,  isomeric  with 
piiijc  acid.  A  fourth  resin-acid,  cn\lQ<\  pimaric  acid,  aI»o  isomeric  wilh  pinie 
acid,  baa  been  found  in  the  turpentine  of  the  PniuM  maritnna  of  Bordeaux 

Lfie  is  a  very  valuable  resin,  much  harder  than  colophony,  and  eauily 
soluble  in  alcohol:  three  varieties  are  known  in  commerce  —  vix,,  sfirk-he^ 
sted  LtiCy  and  ghdlae.  It  is  nsed  in  varnishes,  and  in  the  manufacture  of 
hwls,  and  very  largely  in  the  preparation  of  sealing-wax,  of  which  it  forma 
the  chief  ingredient.  Crude  lac  contains  a  red  dye  called  lat-dye,  which  ii 
pnrtly  soluble  in  water.  Lac  dissolves  in  considerable  quantity  in  a  hot 
solution  of  borax;  Indian  inkf  rubbed  up  with  this  liquid,  forms  a  most 
excellent  hbtl-ink  for  the  Inboralory,  as  it  is  unaffected  by  acid  vapors,  and, 
when  once  dry,  becomes  nearly  insoluble  in  water. 

Mti«tiCy  da/nmar-rcain,  and  Manrfarae  are  resins  largely  nsed  by  the  Tarnish" 
maker.  Draffont  hhod  is  a  resin  of  deep- red  color.  Copal  is  also  a  rery 
valuable  substance  ;  it  differs  from  the  other  resins  in  being  but  slowly  dis- 
solvod  by  alcohol  and  essentia!  oils.  It  is  miscible,  however,  in  the  melted 
Btate  with  oils,  and  is  thus  rnatle  into  varnish.  Amber  appears  to  be  a  fo«sil 
resin ;  it  is  found  accoinpanying  brown-coal  or  lignite.  Caouickove  lad 
ffutttt prreha  have  been  already  described  as  tcrpenes  (p.  492). 

Must  of  the  resiufl,  when  exposed  to  destructive  distillation,  jield  oily 
pyro-products,  usually  of  hydrocarbons,  which  have  been  studied  with 
plirliiil  success.  Great  difficulties  occur  in  ihese  investigations:  the  task 
of  separating  from  each  other,  and  isolating  bodies  which  scarcely  dii«7 
but  in  their  boiling  points,  is  exceedingly  troublesome. 

Biihftm*  are  natural  mixtures  of  resins  with  volatile  oils.  They  differ 
very  greatly  in  consistence,  some  being  quite  fluid,  others  solid  and  brittle* 
By  keeping,  the  softer  kinds  often  become  bard.  Balsams  may  be  con- 
veniently divided  into  two  classes  —  vise.,  those  which,  like  tfommoa  and 
Vftit€f>  turpentine,  Canada  baham^  Copaiba  baUam^  &c,,  arc  nearly  natural 
varnishes,  or  solutions  of  resins  in  volatile  oils,  and  those  which  contain 
benioic  or  cinnamic  acid  in  addition,  as  /*er«  and  Tolu  baUafn*^  and  ths 
solid  resinous  benzoin^  commonly  called  ffum-bttizoin, 

Tolu-balsam,  by  distillation  with  water,  yields  three  producta— namolj, 
benxoic  acid,  cinnamein.  or  styracin,  Cn,H^^O„  (p.  641),  and  fittmr^  a  vola- 
tile, colmlesB  hydrocarbon,  boiling  lU  170°  C;  (338°  F.),  and  containiof 
(^,,jH„.  or,  according  to  some  anthorities,  Ci^ll|e-  The  balsam  freed  in  this 
manner  from  esyential  oiK«,  and  exposed  to  destructive  distillation,  yields 
in  succpsi^ion  a  viscous  liquid,  which  cryslallixes  in  the  receiver,  and  a  tbto 
hV|uid  heavier  than  water  ;  carbon  dioxide  and  carbon  monoxide  are  largely 
evolved,  and  ihereVorl  \»  ft^etv«avds  found  to  contain  a  residue  of  charcoal 
The  "lolid  product  is  cV\oU^  a  \avi.Vvvtfe  gI  \>siwu<i\t  M^d  cinnamic  acids:  the 
rofatile  oil  contains  at  \ea%l  iv?o  ^uWt:ici^*  vW™^v^s^^^xx\^v\sx^^  ^ints^ 
ftnd  lire  eaiiily  separat^i^-i^^i^^^l^  ^^^^*^  ^^  ^^^^^  ^^  ^  '^^^  '^^^ 
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beayier  than  water,  of  high  boiling  point,  and  having  the  composition  and 
oharaotera  of  benxoio  ether. 

Liquid  storaZf  distilled  with  water  holding  in  solution  a  little  sodium  car- 
bonate, jields  a  small  and  variable  quantity  of  volatile  oil,  not  homogeneous, 
but  from  which,  by  careful  distillation,  pure  oinnamene  or  styrolene,  Cgllg 
(p.  501),  may  be  eztraoted. 

Storax,  from  which  the  styrol  has  been  separated  by  distillation,  when 
treated  with  sodium  carbonate,  yields  a  considerable  quantitv  of  sodium 
einnamate.  The  residue  consists  of  resinous  bodies,  associated  with  styra- 
oin  or  cinnyl  einnamate  (p.  641). 


PART  IV, 

ANIMAL   CHEMISTRY. 


INTBOBUCTION. 

ANTMAL  CHEMTSTRY,  for  the  puri^ose  of  dewtioBS,  may  he  di\ 
intu  tilt  ohetnislry  of  sep&rnte  Bubstaoces  entering  into  the  comf  

tion  of  the  fluids  and  solids  of  imimalfl}  the  ohemistrj  of  the  complex  ini- 
ntal  fiuida  mid  textures,  and  the  chemifitry  of  the  procesaes  which  take 
place  in  the  animal  body. 

This  clii»(<ifi<3Htion  has  a  great  many  adTantafes,  and  in  the  following 
brit-f  abstract  the  subject  will  be  considered  undi^r  lhe§e  different  heada. 

Many  animal  substances  bave  been  already  fully  nieniione^l  rn  the  inof- 
ganic  part  of  this  work:  for  example,  water,  carbonic  acid,  axid  calciiilB 
phosphate;  the  other  animal  eubetauccg,  aa  uren,  forniic,  and  hippuric 
acid,  ha?e  been  phiced  iti  the  organic  part,  bccaufie^  from  their  compoan 
tron»  relations,  and  properties^  tlicy  could  not  be  separated  from  many 
bodies  which  are  not  connected  with  animal  chemietry.  As  the  chemieal 
knowledge  of  other  animal  Bubdtances  ia  perfected,  these  also  will  be  placed 
under  the  head  of  organic  chemiatry  ;  and  thus  animal  chemistry  will  ulti* 
ninthly  embrace  the  knowledge  of  the  composition  and  properties  of  the 
complex  fluids  and  textures  of  the  body,  and  of  the  chemical  actions  re- 
auking  from  the  air  and  food  which  are  requisite  for  the  support  of  ani- 
mal tife« 

Although  animal  chemietry  has  hitherto  occupied  the  aftention  of  iietr^ 
every  great  chemist,  yel  comparattTcly  much  remains  to  be  done  and  to  W 
undune.     For  example,  the  rery  different  substances  wbkh  are  tnclutiid 
under  the  term  protein-principles,  that  is,  of  which  protein  is  the  first  prtv* 
duct  of  decomposition  and  ammonia  carbonate  the  last,  can  scarcely  yet  b« 
arranged  according  to  their  percentage-composition,  mueb  less  bo  rtprt- 
ficnted  truly  by  any  forraulie.     The  chemical  composition  of  ihe  dilfrrrat 
organs  and  textures  of  the    body,  of  the  brain  or  blood,  for  instaiicf.  ff 
even  of  the  hones,  is  differently  given,  according  as  this  or  that  in 
analysis  is  followed.     The  same  may  be  said  of  the  secretion?^  a*i  : 
lions ;  and  theac  vary  so  much  at  different  times,  in  different   ^ 
in  different  classes  of  animals*  that  no  single  standard  of  co: 
bo  adopted ;  but  the  highci*l  and  lowest  limits  of  crimposititni   j.  ; 
and  disease  must  bo  regarded,  and  not  the  mean  of  a  number  of  w 

A  still  more  difficult  problem  is  presented  to  the  chemist  in  ibe    ... 
gataon  of  the  processes  which  take  place  in  the  bodies  of  animals  and  itft-   I 
tables.     The  solution  of  the  food  by  the  action  of  alkalies,  acids,  and  ff^ 
nients;  the  nutrition  of  the  organs  by  the  blood;  the  production  of  a&ittil  I 
heat  by  the  action  of  in!«pired  oxygen;  and  the  remo?al  from  tha  htif  I 

of  ihe  substances  thiit  have  been  used  or  are  useless  or  injur ioua ; thai  i 

are  questions  wbich  in  future  years  will  form  the  chief  subjects  of  iani^  I 
gut  ion  in  atiima\  cVienu^U-j,  ^'\\\\%V  \w  xe^e table  chemistry  the  influeootif  1 
f^uiitigbt  in  pTomoVvn^  \\i<i  lckTma\\o\i  ^l  W<bv\^Ni'(£LKtakUe  oompouxida  of  i^l 
bon  will  haYC  to  be  <LUl«Tiumc^l^  I 
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OF  THE  FLUIDS  AND  SOLIDS  OF  ANIMALS. 


ALBUMINOUS  PBINCIPLE8. 

Althovob,  in  the  present  state  of  our  knowledge,  no  chemical  dis- 
tinction exists  between  yegetable  and  animal  substances,  and  although 
many  mineral  substances  always  exist  in  the  fluids  and  solids  of  ani- 
mals and  Tegetables,  yet  there  is  a  class  of  substances  which  formerly 
were  considered  as  exclusively  animal,  and  of  these  we  still  know  so  little 
that  it  is  most  conTcnient  still  to  keep  them  distinct  from  other  organic 
substances.  They  form  the  chief  part  of  the  solid  constituents  of  the 
blood,  muscles,  nerres,  glands,  and  other  organs  of  animals,  and  they  occur 
in  small  ouantities  in  almost  every  part  of  vegetables.  Their  atomic 
weight  and  constitution  are  still  unknown,  and  only  slight  differences  exist 
in  the  percentage  composition ;  thus : 
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They  are  amorphous,  more  or  less  soluble  in  water,  soluble  in  excess  of 
acetic  acid,  more  soluble  in  alkalies,  almost  insoluble  in  alcohol,  and  quite 
80  in  ether.  Strong  mineral  acids  dissolve  all  albuminous  substances.  The 
hydrochloric  acid  solution  is  first  blue,  then  violet,  then  brown.  The  nitric 
aoid  solution  is  yellow,  and  gives  rise  to  xanihoproine  acid,  which  dissolves 
in  alkalies  and  ammonia  with  orange-red  color.  Caustic  alkalies  decom- 
pose albuminous  substances  according  to  the  temperature,  giving  rise  to 
leucine,  tyrosine,  oxalic  acid,  carbonic  acid,  and  ammonia. 

Albuminous  substances  are  precipitated  from  solutions:  1.  By  excess  of 
mineral  acids.  2.  By  potassium  ferrocyanide  with  acetic  acid  or  a  little 
hydrochloric  acid.  3.  By  acetic  acid,  with  a  considerable  quantity  orcon- 
centrated  solutions  of  neutral  salts  of  alkalies  and  alkaline  earths,  gum 
arable,  or  dextrin.  When  examined  for  circular  polarization,  they  rotate 
the  light  more  or  less  to  the  left. 

Sbruk  Albumin  is  the  most  abundant  albuminous  substance  in  animal 
bodies.  It  can  be  obtained  tolerably  pure  from  blood-serum  by  precipita- 
tion with  lead  acetate,  washing  with  water,  suspending  the  precipitated 
lead  compound  in  water,  and  decomposing  it  with  carbonic  acid ;  then,  by 
filtration,  a  very  cloudy  solution  of  albumin  is  obtained.  It  forms  a  yel- 
low, elastic,  transparent  substance,  which  when  perfectly  dry  can  be  heated 
to  100^  without  change.  It  is  soluble  in  water  and  procipitable  by  alcohol ; 
long  continued  action  of  alcohol  changes  it  into  coagulated  albumin.  Se- 
rum albumin  is  not  precipitated  by  carbonic,  acetic,  tartaric,  or  phos- 
phoric acid ;  when  mixed  with  a  very  small  q\XAU\,\V\  ot  ^i\\i^\  n^\^  >*sv:v^ 
67  \'^h, 
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minorftl  acifis,  it  is  not  precipitated;  by  large  quantities  of  acid  it  is  im- 
mediately prt'cipitatpJ ;  nitric  acid  acta  most  strongly  The  precipitate 
with  Hfrong  hydrocbloric  acid  dispolves  in  an  cnc<?i«i«  of  acid;  and  on  add* 
tug  water  to  this  solution,  a  prct'ipitnie  forms,  which»  after  filtration  iind 
f<|iiee«ing,  di^^tulTei^  in  water  and  ha?  all  the  renctious  of  liyilrocbloridc  of 
yyiituniM  ;  catisti<?  potash  and  »oda-9o1utioa  change  tbc  serum  albumin  into 
compounds  of  albumin  with  the  alkali. 

'  When  heated  to  T2^  or  73**  C.  (!fi8*  F.)t  blood-serum  eoagulatcJ  into  i 
'coujpact  mass.  The  fluid  begins  to  be  cloudy  at  00°  C.  (140*  F  ),  CoagU" 
lation  occurs  at  a  lower  temf>erftture  when  very  dilute  pho5pborie  or 
acetic  acid  is  added,  or  neutral  »alltf  in  small  quantity,  and  at  a  bightr 
tempernHire  with  a  very  lillle  sodiura  carbonate. 

^^l>^um  iillnnnin  In  precipituled  from  il»  solutions  by  moM  of  the  salts  of 
the  heavy  metals.     When  agitated  with  ether  it  does  not  coagulate, 

Eoa  Albumin  differs  from  serum  albumin  by  gradually  giving  a  precipi- 
tate when  agitated  with  ether;  oil  of  turpentine  abto  congiilate^  this  kind 
of  alhumiri.  Serum  albumin  diesohet<  easily  in  strnng  nitric  ftcid»  whilst 
egg  albumin  .Hcaroely  dii^Holven  at  all.  When  a  solution  of  egg  albunuD  is 
injected  into  the  veius  or  under  the  Mn  of  dogs  or  rabbits,  the  egg  aibn* 
niin  patines  unchanged  into  the  urine,  wbikt  aerum  albumiii,  injected  in  the 
»ame  way>  does  not  pu88  into  the  untie  at  ulL 

When  white  of  egg  1j^  thinly  spread  upon  a  plale  and  fjcpoeisd  to  eripo- 
ration  in  a  warm  pfaoe,  it  dries  up  to  a  pale-yellow,  bnlliarit,  guio-Uke 
HubHtauoo  destitute  of  all  truces  of  erysttaltine  fitructiire,  In  this  state  it 
mi^y  bo  prem-rved  uuebnQged  for  any  length  of  lime»  the  preseiicc  of  wntcr 
being  in  all  oases  necessary  to  putrefactive  decoTnp^.aiiiun.  The  watery 
sidutiona  of  egg  albumin  and  serum  alliumin  coagulate  iit  the  same  temperi' 
lure  under  sitnilnr  circumstances.  The  existence  of  unoxidired  sulphur  in 
albuuiin  is  easily  shown;  a  boiled  egg  blackens  a  silver  spoon,  from  a  trflee 
of  alkaline  sulphide  formed  or  separated  during  the  coagulation  ;  and  i 
fiohiliou  of  albuuiin  in  excess  of  caustic  potash  mixed  willi  a  little  acetati 
of  lead,  gives,  on  boilLug,  a  black  precipitate  containing  sulphide  of  lead. 

CASKtM  ;  ANi>  Ai.BFMJVATK  OH  PtcoTKiN.  —  Alhuminous  sub^^taiicc^,  wli^fi 
treated  with  solution  of  potash,  undergti  more  or  less  clango  uccordisg  to 
the  streuglh  of  the  potash  tind  the  temperature  at  which  the  action  taken 
place.  Sometime!!  bodies  can  be  jiroduced  which  agree  well  »  '  und 
cannot  be  distinguished  from  the  casein  of  milk,  nithougti  n  i-lj- 

casein  i»  not  identical  with  artificial  albuiatnate,  and  (he  t'-'i  ir« 

pmduced  by  the  action  of  potash  on  dllTerent  albunnur  ny 

differ  slightly  one  from  tlie  otber,  as  is  evident  iu  thv  «i  hcir 

rotatory  action  on  pohirixed  light. 

CaHcio  occurs  mo^t  plentiftilly  in  the  milk  of  animal  feeders.  In  th* 
fluids  of  the  textures  it  has  certainly  not  been  found.  In  the  blood  It  ii 
enttrely  absent,  and  it  is  rarely  present  in  the  fluid  of  cysts. 

It  In  best  obtained  froia  milk  by  precipitating  it  with  ( <    '»*-      ^     -^,^ 

sinm  sulphate,  filtering  and  wasliini^  with  a  concentrntetl  si 

salt,  then  dissolving  the  precipitnte  in  water;  tbc  butlei  ._  L:  ,,     ,  iwl 

the  clear  solution  precipitated  by  dilute  acetic  acid. 

For  preparing  protein  or  potaBJ*ium  albominate,  any  albuminons  #tib- 
stance  may  be  used.  Lieberkillin  directs  egg  albumin  to  be  fittrrvd  witk 
an  equal  volume  of  water  and  filiered;  fhe  {iUrate  to  be  reduced  to  on** 
hiilf  in  ^liullow  vessels  at  40*'  C,  (104**  F  ).  and,  after  cooling,  to  be  mist4 
Wjfli  cimceiit rated  pntnwh  drop  by  drop  until  the  whole  8ub»tancv  seta  lo  ■ 
Strong  tratisparent  y^^^-  t\v\ft  \%  cut  into  pieces  of  the  siie  of  tk  hri-  -■  ' 
f  brown  inio  mueU  »V^¥^^\\^eA  ^tfcUrT\  iv^Vf^T  W\tv^  ^\\rTv^,  Ihe  water  i- 
off  frorti  Hie  a\bv.  lotnu^      'tVe  vJ^%\v\tv%\^T<t^vii.V'fe'\^\w\^ns.^,«,-^ 
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reaction  r«nmina»  The  purified  albumltiate  h  then  dlfisolTcd  in  boiling 
wiit<»r  or  Bpirits  of  wioPi  in  which  it  ought  to  give  ii  clear  solution. 

An  albuminate  is  more  mni|ily  ohtiiined  by  fthakiug  milk  w  ilh  caiiBtlo 
scMla  and  eilier»  pouring  off  the  clear  alkaline  lower  layer  of  fluid*  precipi- 
tating it  with  acetic  acid,  and  wai^biug  it  with  wuter. 

The  drifnl  casein  and  albuminate  are  yellcw^  transparent^  and  hjgro- 
ficopic,  swelling  up  in  water,  hui  not  dissolving.  Whco  precipitated  in  a 
floeky  »tate,  they  dissolve  eamly  in  water  if  it  coutntnij  a  little  alkali.  The 
precipitate  which  forms  on  neutralizing  the  alkaline  ifolution,  dissolve«i 
easily  in  an  excess  of  acetic  acid  or  dilute  hydrochloric  acid.  On  tbe  ad* 
dition  of  an  excess  of  mineral  acid,  or  by  aeutraliKing  with  an  alkali,  these 
sohilionj)  give  a  precipitate. 

The  neutral  or  feebly  ulkalin©  albuminate  and  casein  in  alkaline  aolutitin, 
are  precipitated  in  the  cold  by  aleohol:  when  hot  they  are  dissolved*  Al- 
buminates are  preotpitated  by  copper  sulphate,  silver  nitrate*  and  barium 
chloride.  Lieberkuhn  gires  as  their  form ulii  r,jU,,jH.,N,jO^>5,  li  denoting 
an  atom  of  univalent  metaL  According  (o  him,  potassiuui  albuminote  had 
the  same  composition.  MeisAner  sayii  that  by  boiling  casein  contiDuoust/, 
lactic  acid  and  crcatin  are  formed* 

If  J  fusion  with  potassium  hydrate,  casein  yields  Yalerio  and  butyric  acids, 
benides  other  products. 

The  most  striking  properly  of  casein  in  its  coagulability  by  certain  animal 
membraues.  This  is  well  seen,  in  the  process  of  cheesemaking,  in  prepar- 
ing  the  curcL  A  piece  of  the  sloniach  of  the  oalf,  with  itii  uiucniis  iiiembninej 
IB  slightly  washed,  put  into  a  largo  quantity  of  milk,  jind  the  whole  slowly 
heated  to  about  6;P  t:.  (124*'  F.).  In  a  short  lime  alter  Ihie  temikratiira 
has  been  atttiined,  the  milk  is  observed  to  separate  into  a  solid,  white  co- 
agulum,  or  mass  of  curd,  and  a  yellowish,  Iranslucenf  liquid  called  wVy. 
The  curd  contain.^!  all  the  casein  of  the  milk,  much  of  the  fat,  and  much  of 
the  inorganic  matter:  the  whey  rclnins  tlio  milk-sugar  and  the  soluWe 
8altfl«  It  is  just  possible  that  this  niystcrious  change  may  be  really  due  to 
the  formation  of  a  little  lactic  acid  from  the  milk-sugar,  under  the  joint 
influence  of  a  slowly  decompoaing  membrane  and  ihc  ukvaicd  temperature, 
and  that  this  acid  may  be  suflicient  in  quantity  to  withdraw  the  alkali 
which  holds  the  casein  in  solution^  and  thus  occasion  its  prrripiiaiiou  in 
the  luHoluble  state.  The  loss  of  weight  rhe  membrane  itsidf  aufff^rM  in  this 
operation  is  very  small :  it  has  been  fuund  not  to  exceed  j^^j^  part. 

PAHALnuMiN  has  as  yet  been  found  only  in  ovarian  cysts,  aud  it  rarely 
occurs  alone.  It  is  precipitated  by  alcohol,  but  still  contains  t«ome  alkali. 
It  is  coagulated  by  boiling,  but  cannot  bo  tillered.  When  it  is  dissolved  in 
much  water,  and  carbonic  acid  gas  is  passed  through  it,  a  plentiful  fliicky 
precipitate  falls;  acetic  acid  carefully  added  acts  still  better.  The  pre< 
cipjtate  is  easily  soluble  in  an  excess  of  acetic  acid,  or  in  a  very  weak  solu- 
tion of  alkali.  By  tbe  addition  of  magnesium  sulphate  it  in  noi  precipitated 
from  a  feeble  alkaline  solution.  It  giTea  a  precipitate  with  acetic  acid  and 
potassium  ferrocyanide,  lead  acetate,  alum,  and  copper  sulphate.  The 
composition  of  this  albuminous  substance  ts  staled  by  Haerlin  to  be  51 '8 
carbon,  0^1  hydrogen,  VIE  nitrogen,  2tj  8  oxygen,  and  1-7  stdphur 

Stntonin  or  rABAPBPTONK,  —  As  by  the  action  of  alkalies  on  albuminous 
inutlers  the  albuminates  arc  produced,  so  by  treating  these  wilh  Htrong 
hydrochloric  acid,  syutonin  i»  formed  among  other  products  of  dcconiposi- 
tion.  I'robably  the  shorter  the  time  the  o^Mtl  is  in  action,  the  more  nynlo- 
nUi  i^  formed.  It  is  also  formed  from  other  albuminous  substniiees,  mo»t 
e?isily  from  myosin,  as  in  the  first  iictiun  of  the  gri>*trtc  jutctt  iu  the  ^^t^isvMcVw. 
For  preparing  syntonin,  fresh-cut  meat  is  IrimVwA  >w\\\\  Q.<i>VV  ^WNV*tT,^\v\'^^^ 
residue  ia  mixed  with  water  coniaiuing  ^^^^  \iyiVToc\\\»t\c  ^«iv^\  ».>>siv^ 


796  ANIMAL   8UB5TANCKS. 

iflh  solution  ia  thus  obtained  which  cikn  be  filtered.     The  cl«ar  liquid  is«t 

fully  neutmlized  with  sodium  carboD&te^  which  gives  a  g«Liitt»ou«  precili 

late  of  syntoiiin  ;  this  is  purified  by  washing  with  water,  alcoh©U  a»'i  elber* 
U  conUtns  much  utialtercd  tujosiu.  From  fibrim  B«ruai  Albiijuin,  or  tiny 
other  111  bu  mi  nous  matter,  except  UQooagulated  egg  albutaiii,  ty  "<\j 

be  obtained  by  disisoh'ing  them  in  fuming  hydrochloric  acid,  )i  nd 

precipitating  the  filtrate  with  twice  its  volume  of  water;  the  piei.i^ML«ir  ii 
filtered  off,  dissolved  in  water,  and  precipitated  by  eareful  QentraUaaUoii 
with  sodium  Ciirbonate. 

The  composition  of  Byntotiin  is  54'1  carbOD»  7*3  hydrogen.  16-1  nitrogen, 
21 '5  oxygetif  and  1-1  sulphur.  It  ia  iuaoluble  in  solution  of  eodiuiu  ciilo- 
ride,  whatever  itit  coiicentratioD;  easily  soluble  in  dilute  hydrochloric  aci(J« 
and  in  feebly  alkaline  liquids.  The  solution  in  lime-water  ih  p&riiallj 
coagulati^d  by  boiling.  When  the  solution  U  boiled,  sodium  c1i>  '  ■v^- 
ne^iudi  piilphatei  or  calcium  chloride^  gives  a  precipitate  a.-  ly 

other  albutninouB  subeitanceB.     Syntouin,  like  casein,  w1>>  "  m 

very  dilute  hydrochloric  acid,  gives  a  precipitate  with  uv  u- 

salts  at  ordimiry  leniperaturea.     By  the  aeiion  of  strong  li  «•! 

on  uncoagiilated  albumin,  an  albuoiinous  subi^tance  ia  first  uUiti^ued,  wiiich 
is  scarcely  soluble  in  water^  and  ia  also  very  alighily  soluble  iu  diluic  hydru* 
chloric  acid. 

Myosin  was  first  separated  by  KUbne  from  other  albuminous  matters  oc- 
curring in  the  protop1a«ma  or  contractile  mui^cular  substance  that  cautsti 
the  rifformortit.  To  prepare  it  well,  cut-up  fiesih  is  carffany  w?i>ht'd  with 
water,  and  the  mass  is  then  placed  in  a  mixture  of  one  volume  of  concen- 
trated solution  of  comtnou  salt  to  two  volumes  of  water j  these  are  contin- 
ually rubbed  together  iind  filtered  through  liuen :  the  slimy  filtrate  is 
allowed  to  drop  into  much  distilled  water.  The  myosin  is  re^diafolved  in 
solution  of  aodiuni  chlniride,  and  re*precipi(fttod  by  much  water.  It  is  in- 
soluble in  water,  soluble  in  solution  of  common  salt  nnder  10*,  soluble  In 
very  dilute  hydrochloric  acid,  but  in  thia  solution  it  passes  by  degrees  into 
eyntonin;  in  dilute  iilkali,  myosin,  like  other  albuminous  matter.  issoUibte, 
being  changed  into  albuminate.  By  heat  it  is  changed  into  coagulated  al- 
bumin. It  is  also  coagulated  by  alcohol.  The  substances  which  occur  in 
yolk  of  egg,  the  crystalline  lens,  and  the  fiuld  from  some  cysts,  soluble  ia 
concentrated  solutions  of  common  salt,  but  not  soluble  in  water,  have  bees 
considered  by  Denis  as  identical  with  myosin^  called  by  him  globulin. 

FiBKiKo-PLAsTic  Substance  and  Fjbrinoork,  or  Paraulouclik,  or  Pai^ 
AOLOJjiN.— Alexander  Schmidt  has  found  that  fibrin  is  formed  by  the  eon* 
tact  of  two  albuminous  matters.  One  be  calls  fibrinoplastic  and  the  other 
fibrinogenous  subsunce.  The  first  is  especiitlly  plentiful  in  the  red  blo4»tJ- 
glohules,  in  the  serum  of  the  blood,  the  cellular  tissue,  and  the  eortits. 
The  second  is  found  in  exudations,  specially  in  the  pericardium  and  fluid 
of  hydrocele,  in  lymph  and  chyle.  In  their  reactions  they  nearly  rcaenhle 
myosin,  being  soluble  in  a  solution  of  common  salt,  and  preclpitable  by  Aa 
excess  of  it.  They  dissolve  in  very  dilole  hydrochloric  acid,  and,  by  keep- 
ing, change  into  a  syntonin-Ilke  substance;  soluble  also  in  very  feeble 
alkaline  solutions,  from  which  ihc  fibrinoplastic  substance  is  more  casilj 
precipitated  than  the  fibrinogenic  by  carbonic  acid.  When  these  two  sub- 
aUncea  come  into  contact  in  any  tluid,  they  combine,  quickly  or  slowl;, 
according  to  the  greater  or  leas  quantity  of  each  substance  in  the  fluid,  t4» 
form  Fibrin.  The  fluid  cofigulates  either  to  a  masa  of  jelly,  or.  when  very 
iitde  is  present,  lh«  fibrin  forms  in  separate  flocks  The  coagulation  lakes 
J>lftce  nnor©  quickly  at  a  V\\;^\iA«i\a^^Ta\.v\t*, -axOTit  slowly  at  a  low  tempera- 
ture*    The  ietuperaiure  ot  vVi^  \i\*><A  a^^*tw%  i^ttt\3^\*xVj  ^ik^^^^iii.  Cot  <^uiclE 
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the  Mood  ooaga1at«8  slowly ;  by  contact  with  foreign  bodies  coagulation  oc- 
curs quickly.  Carbonic  acid  protracts  or  prevents  coagulation  ;  passing  air 
through  the  liquid,  or  any  other  agitation,  hastens  it.  Free  acids,  for  ex- 
ample, acetic,  lactic,  phosphoric,  and  also  free  alkalies  and  their  carbon- 
ates, stop  coagulation.  When  brought  into  a  solution  of  sodium  nitrate  or 
chloride,  fibrin  swells  to  a  slimy  jelly-like  mass,  and  partially  dissolves: 
sodium  sulphate  also  hinders  the  coagulation  of  fibrin.  Thus  fibrin  may 
be  prepared  by  allowing  the  blood  to  flow  from  a  vein  into  a  vessel  con- 
taining much  concentrated  solution  of  sodium  sulphate  whilst  it  is  briskly 
stirred.  The  whole  is  left  to  stand  until  the  blood-globules  are  completely 
separated.  The  clear  fluid  is  then  thrown  into  ten  times  its  bulk  of  water, 
on  which  the  coagulation  of  the  liquid  takes  place.  When  washed  fibrin 
in  a  neutral  liquid  is  heated  to  72^,  it  becomes  white  and  loses  its  trans- 
parency, like  coagulated  albumin.  If  the  liquid  has  an  acid  reaction,  the 
coagulation  takes  place  even  at  a  lower  temperature.  Fibrin  is  usually 
procured  by  washing  the  coagulum  of  blood  in  a  cloth  until  all  the  soluble 
portions  {ire  removed,  or  by  agitating  fresh  blood  with  a  bundle  of  twign, 
when  the  fibrin  attaches  itself  to  the  latter,  and  is  easily  removed  and 
cleansed  by  repeated  washing  with  water,  after  which  the  fat  is  extracted 
by  ether.  On  an  average,  fibrin  has  the  composition  520  carbon,  7*0  hy- 
drogen, 17 '4  nitrogen,  21-8  oxygen,  and  1*2  sulphur. 

CoAQULATBD  ALBUMINOUS  SUBSTANCES.  —  Coag^latcd  albumin  is  formed 
from  albumin,  syntonin,  fibrin,  myosin,  &c.,  by  heating  their  neutral  solu- 
tions to  boiling,  or  by  the  action  of  alcohol.  £gg  albumin  is  also  changed 
into  coagulated  albumin  by  strong  hydrochloric  acid  and  by  ether.  The 
albuminates,  and  also  casein,  when  precipitated  by  neutralization,  pass 
into  coagulatei  albumin  when  heated.  The  coagulated  albuminous  sub- 
stances are  insoluble  in  water,  alcohul,  and  other  indifferent  fluids,  scarcely 
soluble  in  dilute  potash,  soluble  with  great  difficulty  in  ammonia.  In  acetic 
acid  they  swell  up,  and  by  degrees  dissolve.  They  arc  mostly  insoluble  in 
dilute  hydrochloric  acid;  but  when  pepsin  is  alno  present  at  blood  heat, 
they  change  first  into  syntonin,  and  then  into  peptone.  They  are  dissolved 
by  strong  hydrochloric  acid,  and  by  caustic  potash  they  are  changed  into 
albuminates. 

Amyloid  Substance. — According  to  C.  Schmidt,  Friedreich,  and  Kekul^, 
it  is  composed  of  53-6  carbon,  7-10  hydrogen,  15  0  nitrogen,  and  14-4  oxy- 
gen and  sulphur.  It  differs  only  from  coagulated  albumin  in  being  colored 
reddish  by  iodine,  and  violet  by  sulphuric  acid  and  iodine.  It  gives  no 
trace  of  sugar  when  boiled  with  dilute  sulphuric  acid,  but  with  cnustic 
potash  and  acid  it  behaves  exactly  like  an  albuminous  substance.  Concen- 
trated hydrochloric  acid  dissolves  it,  and  the  solution  diluted  with  water 
gives  a  precipitate  which  has  all  the  properties  of  syntonin  hydrochlorate. 
By  solution  in  caustic  potash,  a  potassium  albuminate  is  obtained.  It  may 
be  formed  at  will  by  treating  fibrin  with  very  dilute  hydrochloric  acid,  and 
evaporating  the  solution  to  dryness  in  a  water-bath.  An  impure  amyloTd 
substance  may  be  obtained  from  any  gland  much  infiltrated  with  the  sub- 
stance, as,  for  example,  the  liver,  by  dividing  it  and  removing  the  ve.ssels, 
and  extracting  the  bile  substances  with  cold  water.  It  is  then  boiled  for 
some  time  with  water  to  remove  the  cellular  tissue,  and  the  residue  is 
treated  with  boiling  alcohol  and  ether  to  dissolve  the  fat  and  cho1of<tprin. 
The  residual  mass  consista  chiefly  of  amyloid  substance  characterized  by 
the  iodine  reaction. 

Prptohb.  — By  the  aefion  of  the  add  jcasW\c  jmc,^,  ^\  iOlV\vwv\tv<s\w  v^v^n- 
BtmnoeB  are  obutged  into  bodies  called  peplone«.     'YVi^tft^  ^x^i  IvwluvV  v»v\^  ^^>' 
67* 
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the  Rtomnoli  uml  conlenla  of  the  fimiiU  intestines.  They  can  no  longer  W 
delected  in  the  cbyle.  They  are  easilj  8oluble  in  water,  itisuliible  in  alti>- 
hol  or  ether  ;  but  alcohol  (fepttftttea  lUera  with  difficulty  from  ih«  fvaiery 
suluiioQ ;  when  precipitated  they  remain  unchanged  even  afti^r  bntling. 


They  are  not  precipitated  cither  by  acids  or  by  alkalies.     A*'^ 
poUsBium  ferrocyanide  give  no  precipitate;  but  corronvo  h 
lead  acetate  with  ammonia  give  precipitates.     The  substatiee  >( 
MeiBBncr  as  mttaptpdmf  docs  not  certainly  belonp  to  the  peptoi 
of  these  there  are  many  different  kinds,  whose  properties  are  •^. 
Giently  made  out  to  euabto  ihem  to  bo  accurately  distinguiahed. 


I  fid 


MsTALBUMiN  was  foynd  by  Schercr  in  a  slimy,  ropy,  dropsical  liquid 
taincd  by  tapping.  In  the  dilute  liquid  neither  acetic  nor  hydroohl 
acid  caosed  a  precipitate.  It  became  elouiiy  when  boiled,  and  after 
acetic  acid  rn-iised  no  precipitate.  Acetic  acid  and  poiasaium  ferrocyai 
also  caused  no  precipitate.  Alcohol  caused  a  precipitate,  which  rediMot' 
in  water. 


I 


H^SMOOLOBiN,  54-2  carbon,  7-2  hydrogen,  0*42  iron,  16  0  nitrogen,  21^ 
oxygen,  and  t>'7  sulfihur;  also  colled  Unmatoijlobulin  and  H^maturr^ttatl^, 
This  subatance  forma  the  chief  pnrt  of  rhe  red  globules  of  the  btoud  of 
vertebraia;  usufllly  it  is  obtained  in  an  amorphous  condition,  but  from  (be 
blood  of  Home  animals  —  a*,  for  example,  doga,  cats,  rats,  mice,  and  many 
tish  — it  can  be  »eparated  in  the  cryslalLino  form.  Red  cryatals  can  be  oh- 
tuinnl  from  dog's  blood  by  mixing  the  defibrinatcd  blood  with  an  eijiial 
quanlily  of  water  and  adding  one  volume  of  alcohol  to  four  volumei?  of  the 
diluted  bloof]  and  leaving  it  to  Btand  at  0^  C  ,  or  lower.  After  twenty-four 
hours  the  crysiaU  are  filtered  off,  ^queei^ed,  and  diEmolved  in  the  lea^l  )>oi- 
Bible  quantity  of  water  at  25'=>  to  3(r  Q,  (77'*^^t3'>  F.).  This  etdiition  It 
again  mixed  with  one-fourth  its  volume  of  alcohol,  and  the  re-crys1aUiia* 
tion  la  repeated  many  time^.  In  different  animals  ditfercntly  formed  ery*- 
tala  are  found.  In  the  guinea-pig  they  are  tetrahedrons;  in  the  pqutrrel, 
e^iX'Sided  table»;  in  the  goo.*«e,  rhombic  four-pided  or  six-6*ided  (ahleit;  ta 
dogs  and  cat  a,  long  fuur-Hided  prisms.  In  a  vacuum  oTter  Hulpburic  aci<t 
Ihey  lose  water  of  erystalliiation  and  change  into  a  bright  briek-red  maM 
The  crystals  which  form  when  the  air  has  accop?  to  them  also  coniatu  o; 
gen  loosely  combined;  the  more  moi^t  they  are  the  more  oxygen  ihty 
tain.  This  X\wy  lose  when  warmed  in  a  vacuum:  by  expo-ure  over  «ul'_  ^_ 
ric  acid  a  portion  of  the  oxygen  escapes.  The  crys'luts  dis»ylve  in  w'alcr 
with  diiUctiliy;  the  suturHted  solution  at  5*  C*  (41**  F.),  contnins  !f  pcf 
cent,  hiemoglobin,  but  by  increase  of  temperature  the  solubiUty  is  can- 
fiiderably  increasc'd.  In  feebly  alkaline  liquids,  as  iu  blood-seruro,  Uht 
cryMtals  are  much  more  soluble. 

Theee  solutions  have  a  very  beautiful  blood-red  color  nnd  ab*orb  the 
light  from  the  commenoement  of  the  red  to  tbree-fourlhif  of  the  »i.'cttoa  of 
the  spectrum  between  the  linew  C  and  D  in  the  solar  spectrum.  The  part 
of  the  Hpectrum  lying  about,  the  line  D  of  this  space  betwm*n  C  and  0u 
much  more  strongly  absorbed  thun  the  rest.  If  the  oxygen  is  expelled 
from  the  itolution  by  carbonic  acid  or  hydrogen,  the  liquiil  theu  ab!»orh» 
the  light  most  beyond  U;  the  resit  of  the  light  is  more  strongly  aUaorbei 
than  it  is  by  t;he  htcMnoglobin  solution  which  contains  oxygen ;  nnd  cvru 
tlie  light  hi-iwc'on  A  nod  B  is*  more  ^^trongly  absorbed  by  solutions  which 
contain  no  oxygen  than  by  thoBc  which  contain  it*  The  change  of  colaf 
and  Irau^parency  of  tUc  blooii  and  blood-solutions  when  they  pasts  fr*iia 
the  venoilft  con4U\on  uvIq  ot\v  tov\VW\w\v\^  ^wwj.th  oxygen,  ami  nV^  rrr#rf,  d»» 
pel  id,  without  dimV^l,  o\\  V\\e*e  t%\A\t*\  ^^tt^i^^Vvt*,  '^VvsVx^tsXv  Mood  laken 
from  A  vein  ol*  tiu  amms\  ftWN«a  ftV^x\^  %i^^wi|,  liSa^xvCvst^ ^t ^\^s.  Vx^% 
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to  beyond  C  in  the  speotnim,  and  this  disappears  when  the  blood  is  agi- 
Uted  with  air. 

When  a  oonoentrated  solution  of  heamoglobin  is  diluted  with  water,  it 
rapidly  increases  in  transparency  up  to  the  line  D;  by  further  dilution  the 
spectrum  extends  beyond  F,  whilst  at  the  same  time  between  D  and  £  a 
green-yellow  streak  appears.  The  band  lying  nearest  to  D  is  darker  and 
more  sharply  bounded  than  the  other,  and  ultimately  disappears  by  con- 
tinued dilution  a  little  later  than  the  other  band ;  the  appearance  of  these 
bands  is  influenced  by  the  combination  of  oxygen  with  the  haemoglobin. 
For  if  a  tolerably  dilute  blood  solution  is  allowed  to  stand  some  time,  or 
if  such  a  solution  is  warmed  in  a  water-bath  above  50®  C.  (122*'  F.),  or  if 
to  a  blood  solution,  or  a  pure  solution  of  haemoglobin,  a  few  drops  of  am- 
monium sulphide,  or  of  an  ammoniacal  solution  of  zinc  tartrate,  be  added, 
the  arterial  color  of  the  solution  gradually  vanishes,  and  by  examination 
in  the  spectrum,  in  the  place  between  these  two  bands,  there  is  seen  a 
broader  ill-defined  absorption-band,  about  in  the  middle  between  D  and  E; 
at  the  same  time  the  blue  shows  that  it  is  less  absorbed  than  by  blood  con- 
taining oxygen.  The  venous  blood  of  animals  does  not  show  this  property 
clearly  when  it  is  taken  from  the  animal;  but  animals  that  have  died  as- 
phyxiated do  show  this  change  in  the  blood.  If  a  solution  of  htomoglobin, 
or  of  blood,  from  which  the  oxygen  has  been  taken  away,  is  shaken  with 
atmospheric  air,  the  two  absorption-bands  of  the  hcemoglobin  containing 
oxygen  again  appear,  and  the  oxygen  must  be  chemically  combined  with 
the  haemoglobin,  for  it  is  not  removed  by  nitric  oxide  gas. 

Dilute  solutions  of  haemoglobin  may  be  heated  to  70°  or  80®  C.  (158®- 
176®  F.)  for  a  short  time  without  marked  change,  but  when  the  heat  is  con- 
tinued, the  haemoglobin  splits  into  haematin  and  coagulated  albumin,  with 
marked  change  of  color  and  coagulation.  Alcohol  causes  the  same  decom- 
position. Generally  no  substance  is  known  which  can  precipitate  haemo- 
globin without  at  the  same  time  destroying  it ;  alkalies,  and  more  readily 
aoids,  cause  it  to  split  without  first  precipitating  it;  this  occurs  the  more 
readily  the  more  concentrated  the  alkali  or  acid  is,  or  the  greater  the  quan- 
tity of  it  used,  and  the  more  concentrated  the  solution  of  haemoglobin,  or 
the  higher  the  temperature.  Haemoglobin,  in  a  dilute  solution  at  ordinary 
temperature,  is  not  decomposed  by  carbonated  alkalies.  A  feebly  alkaline 
solution  is  more  permanent  than  a  neutral  solution ;  the  feeblest  acids,  even 
carbonio  acid,  decompose  haemoglobin;  hydrogen  sulphide  does  not  act  on 
haemoglobin  when  it  contains  no  oxygen,  but  on  oxyhaemoglobin  it  acts, 
causing  the  separation  of  sulphur  and  of  an  albuminous  substance.  Car- 
bon monoxide  passed  into  a  solution  of  oxyhaemoglobin  drives  the  oxygen 
out  and  forms  a  compound  of  carbon  monoxide  and  hasmoglobin.  It  also 
combines  with  haemoglobin  free  from  oxygen. 

Mfiahmmoglohin^  so  named  by  Iloppe.  may  be  a  mixture  of  haematin  and  an 
easily  soluble  albuminous  matter.  It  has  been  found  in  old  extravasations 
of  blood,  in  the  brown  fluid  from  the  ovaric»,  in  strumous  cysts,  hydrocele, 
&c.,  or  when  a  solution  of  haemoglobin  is  long  kept.  Even  when  a  solution 
of  haemoglobin  is  filtered,  that  which  is  sucked  up  by  the  edge  of  the  filter 
passes  into  metahaemoglobin.  Ozone  has  the  same  action.  A  solution  of 
metahaemoglobin  has  a  manifestly  acid  reaction  arising  from  volatile  acids 
(butyric  and  formic),  produced  by  changes  in  the  hasmoglobin.  The  optical 
properties  of  metahaemoglobin  are  similar  to  those  of  solutions  of  hwmatin 
m  acids,  alcohol,  and  ether. 

HiVMATiN,  C,jn,^^„Fe|On,  occurs  in  the  body  as  a  product  of  the  decom- 
position of  hflemoglobin  in  old  extravasation.s;  after  haemorrhage  into  the 
stomach  it  may  be  found  in  the  faeces.     It  is  obtaiuc<l  ^vlt^  V\^  vKWvsWvcv^ 
the  vompound  with  hydrochloric  acid  in  anunouva,  ^N^^^^t^Vlvn^  Vq  ^x^jx^ww^^ 
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and  heating  the  residue  to  130^  G.  (266^  F.).  The  ammoniam  chloride  it 
extracted  with  water,  and  the  residue  dried  at  180^.  It  gires  12-8  |cr  cent 
of  iron  oxide  as  a  residue  when  burnt,  and  is  insolnble  in  water,  alcohol, 
ether,  and  chloroform.  In  ammoniacal  solutions  it  ia  soluble.  It  eonbinei 
with  alkalies  and  acids:  by  boiling  with  dilute  nitric  acid  it  loaea  its  color, 
and  is  decomposed.  Chlorine  passed  into  an  alkaline  aolaUon  deoompoMt 
it  very  rapidly. 

Hxmatin  combined  with  Ifydrocklorie  Add,  C|gH,,,N,gFegO„.  2HC1,  ia  ob- 
tained in  regular  crystals  by  treating  hsemoglobin  or  metahnmoglobin  with 
common  salt  and  stroug  acetic  acid.  The  defibrinated  blood  of  some  aninsl 
is  diluted  with  once  or  twice  its  Tolume  of  water,  and  lead  acetate  is  added 
as  long  as  a  precipitate  falls.  The  blood  is  then  filtered,  and  the  ezcecs  of 
lead  removed  from  the  filtrate  by  sodium  carbonate,  again  filtered,  and  the 
clear  solution  is  evaporated  over  sulphuric  acid.  The  residue  is  powdered 
and  rubbed  with  from  15  to  20  times  its  weight  of  commercial  glacial  acetic 
acid,  to  which  a  little  common  salt  is  added.  The  brown  mixture  in  heated 
in  n  water-bath,  and  frequently  shaken  for  an  hour  or  two  until  all  is  dis- 
solved. About  five  times  the  volume  of  pure  water  is  then  added,  and  it  is 
left  to  stand  for  a  week  in  an  even  temperature.  The  liquid  ia  then  poured 
otf  from  the  crystals;  these  are  again  boiled  with  glacial  acetic  acid;  a 
great  mass  of  water  is  then  added,  and  the  precipitate  is  allowed  to  settle, 
separated,  well  washed,  again  allowed  to  deftosit,  and  then  dried  in  a  water- 
bath.  The  crystals  are  mostly  thin  rhombic  plates  of  dark-blue  color,  and 
dirty-brown  by  transmitted  light.  From  the  name  of  their  dfscoTerer  they 
arc  called  Teiehmann^s  Htrmm  cryttah.  They  are  perfectly  insoluble  in  water, 
alcohol,  and  ether.  They  are  soluble  in  acids  and  alknlies,  but  only  in  acetic 
and  hydrochloric  acids  without  decomposition.  They  may  be  heated  to 
i:^^  C.  (2t)43°  F.).  without  decomposition:  at  red  heat  they  do  not  swell  up, 
but  burn,  leaving  pure  oxide  of  iron. 

Mrrix,  containing  r>2-2  carbon,  7-0  hydrogen,  12-6  nitrogen,  and  28-2 
oxygen,  usually  calliMl  mucus,  maj'  be  prepared  from  filtered  ox-gall  hy 
]>recipitating  it  with  alcohol,  washing  with  dilute  alcohol,  dissolving  in  wa- 
ter, and  precipitating  hy  acetic  acid.  It  cannot  he  perfectly  purified  from 
biliary  coloring  uiatlcr.  It  may  be  obtained  more  ]iure  from  the  snlivary 
glands  by  solution  in  water  and  precipitation  by  acetic  aci<i.  Mucin  swells 
up  in  water,  and  by  sufficient  dilution  it  can  he  filtered.  It  is  precipitable 
by  alcohol  in  excess :  also  by  acetic  acid,  and  it  is  not  soluble  in  an  excess 
of  the  precipitant;  also  by  nitric,  hydrochloric,  anil  sulphuric  ncids,  and 
it  is  soluble  in  an  excess  of  these  acids.  It  is  not  precipitateil  by  mercuric 
chloride,  lead  acetate^  or  potassium  ferrocyanide.  It  is  not  coagiilable  by 
boiling;   when  thoroughly  dried,  it  merely  swells  in  water  to  a  thick  mass. 

Ptin  is  said  often  to  occur  in  pus:  but  normal  pus  contains  neither  pyin 
nor  mucin.  It.  is  precipitable  by  acetic  acid,  and  this  precipitate  is  not 
soluble  in  an  exceirs  of  acid,  while  the  precipitates  with  nitric  and  hydro- 
chloric acids  arc  so;  a  solution  of  pyin  in  hydrochloric  acid  is  not  precipi- 
tnh1(>  by  a  solution  of  potassium  ferrocyanide.  It  is  distinguishable  from 
mucin  only  by  being  precipitable  by  mercuric  chloride  and  lead  acetate. 
The  precipitate  which  forms  in  the  scrum  of  healthy  pus  on  the  addition 
of  acetic  acid  is  soluble  in  a  solution  of  common  salt,  and  consists  of  al- 
bumin. 

Pfpsin  has  not  yet  been  perfectly  isolated;  it  resembles  mucin,  and  is 
precipitated  by  lead  acetate  and   by  alcohol ;  acconling  to  Briicke's  dis- 
covery it  is  also  carried  Ao-wu  ^twu  \\*  ^c\\vition  when  any  fine  granular  pre- 
cipir.Vtc   is   produced.     'RT\icV.«>'^  \\\v\V\vo^  \\k^  v\'?.^^\itfe^\\  \v«v«i\^wT  Wvdating 
orher  i^uh.Mtunccs  rcseiaUiug  v^V*^^-    ^^^  v\i\%  \jx«\|^^  ^xit^-\w^^^  .^- 
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litira  plKWpliate  or  clioleHtcrin  is  dissolved  in  4  piirtfl  alooho^l  and  1  ether, 
or  OTCU  nmtunl  cburcoul  or  tnilk  of  Bulphur  may  be  uHcd.  TUo  |)epsin  iii«y 
►  lib  tain  ed  thus  dUeolved  iu  water,  iiud  ihis,  when  mixed  with  very  dilute 
hydrochloric  iLcid,  changes  iLlbumin  iiitu  pi:piotie. 

SlTQAB-FOBMlNQ    FtKMKNTS    IN    8aLIVA    AND  PaS€REAT1C   FlUID    httVO  alsO 

pen  separated  by  addition  of  dJkite  phoHplioric  acid,  and  i4iibi^ec|i]i*iit  nvti- 

traliifttioti  afterwards  by  Ume- water  and  by  elh*?rt?Hl  solutions  of  cholesterin. 

iThey  can  be  diaaoived  in  water  and  preoipituted  hy  HhsululQ  alcohob     Tliey 

tn  be  dried  at  ordinary  temperatures  without  decomposition.     If  heated 

]())}*,  they  lose  their  power  of  acting  upon  Btarch.     When  boilrd  with 

Ditric  acid,  and  mixed  with  an  excess  of  ammonia^'  tho  aoluiion  rumaios 

eel  or  less. 

Gblati!?  Ajrn  CaoriDEtit. — Atiiroal  membranes,  skin^  tendons,  and  eren 
bones,  dissolve  in  water  at  a  high  tempt^nilure  more  or  less  c<iitiplctely,  bot 
%vith  v^Ty  different  degrees  of  fucility,  giving  *iolutioii8  whirh  nn  cooling 
acquire  a  soft-solid,  tremulou»  oonsislenee.  The  Kubstanoe  so  produced  ia 
cMed  t^elatin:  it  does  not  pre-exist  in  the  animal  .^yi^lem,  but  is  peneriited 
fk'otn  the  rnemliranous  liaaue  by  tlie  action  of  Lot  water.  The  jelly  of 
calves^  feet»  auJ  common  sixe  and  glue,  are  familiar  esouiples  of  gelfitin  in 
different  eoiiditiouH  of  purity.  I»ingliiHs,  the  dried  ^wintmiug  bladder  of 
the  sturgeon,  diijeolyes  in  water  riieroly  warm*  nnd  yields  a  beiiuti fully  pure 
gelatin.  In  this  estate  it  is  white  and  opaleat^eiit,  or  translucent,  quite  iti- 
aipid  and  inodorous,  insoluble  in  cold  water,  hut  readily  dibwolviiig  by  a 
slight  elevation  of  temperiiLure.  Tut  into  sliees  and  exposed  to  a  current 
of  dry  air,  it  shrinks  prodigiously  in  volume,  und  becomes  n  tran««parent, 
glaaay,  britlle  mass,  whicli  is  soluble  in  warm  wiiter^  but  iiiHoluhle  iti  Hlrri- 
l»ol  and  ether.  Ry  dry  distillation  a  walery  fluid  is  produced,  eoiilninlng 
mueh  carbonate  of  ammonia,  and  a  thick  brown  oil,  in  which,  besides  am- 
monium carbonate,  ammoniuni  sulphide,  ununonium  cyanide,  and  ueiilnil 
Oily  bodies,  various  basic  substancca  exist,  as  aniline,  picoUne,  me*byl* 
uuiine,  trimethylamine,  butylamine,  and  probably  many  others.  In  the 
dry  state,  gelatin  may  be  kept  indetiniiely :  in  contact  with  witter,  it 
becomes  acid,  loses  the  property  of  gelatinising,  and  putrefies  Lonj^-con- 
tinued  boiliufr  fEradually  alters  it,  and  the  ftolution  bises  the  power  of  form- 
ing a  jelly  on  cooling  1  part  of  dry  gelatin  or  isinglass  dissolved  tt»  100 
parts  of  water  solidities  on  cooling. 

An  aqueous  solution  of  gelatin  is  precipitnlcd  by  aleofiol^  which  with- 
draws thtj  water:  corrosive  sublimate  in  exce«s!  gives  a  white  fliijcculent 
precipitate,  and  the  same  happens  with  solution  of  mercurous  and  m^r- 
curic  nitrate;  neither  alum,  neutral  lead  acetate,  nor  bnsic  lead  ace- 
tate nffecta  a  solution  of  (gelatin.  Wiih  lannic  acid  oriufuslfin  of  gall'!, 
gelatin  gives  a  copious^  whilish,  curdy  precipitate,  which  rolierrs  on 
stirring  to  an  elastic  mat^i,  quite  insoluble  in  water,  and  incapable  of  pu- 
trefaction. 

Tannic  acid  is  the  only  acid  that  gives  a  precipitate  with  a  solution  of 
gclatifj.      It  df»es  so  even  when  the  solution  is  exceedingly  dilute. 

riiliirine  passed  into  a  solution  of  gelatin  oecfti*ionM  ii  dvui*t"  white  pre- 
cipitate of  r/ihritr  o/*  ffeifjtiu,  which  envelops  each  gas-luibble.  and  nlti- 
utately  forms  a  tiiugh.  elastic,  pearly  mass,  somewlmt  resrmblirjjjj  fibrin. 
UoiUug  with  strong  alkalies  converts  gelatin,  wilh  evolution  of  ammonia, 
into  leucine,  and  glycocine.  This  last-menlioru-d  subi^lance,  nlso  enJled 
^t^fotol^  was  first  formed  by  the  action  of  cold  concentrated  sulphuric  acid 
upon  gelatin,  and  has  lately  been  obtained  by  the  action  of  acids  upon  hip- 
purie  acid,  which  is  thereby  resolved  into  benioic  aoid  and  glycoeino  (see 
page  m^, 

A  dilute  SQluiion  of  gelatin,  distilled  with  &  m\^l\it^  <il  '^^>\A!M£«flik>stf3iix'Si^ 
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Biftt*  and  Bulpharie  wsid*  yielde  RC^tie,  T»lcno. 
acidfl,  and  two  volalil©  oily  piinoiples  termed  » 
trtttetontthie,  C-Hj^NiO*.     The  former  ia  a  tluD  c 


*  _  r  ^      -■■,-*     *   . 


otlor.  like  tlmt  o!  TiBlicylol;  it  is  lighter  thun  water,  and  brttls  lit  l?5*C. 
(257'^  F  ).  Tlio  lAiier  much  resembles  the  first,  but  boils  «t  70^  C.  ( 16^**  f .). 
AtkiHofl  convert  Taleronitrile  into  Talerio  acid  iind  ftnitnoniA,  And  Talrrmce* 
tonitrilG  into  ralerie  acid,  acetic  acid,  and  ammonia.  TftlerAcet^niinlt 
contains  the  clemunts  of  4  molecules  of  Taleronitrile  and  8  molecules  ol 
iiceiic  acid: 

••Dry  g^elatjn,  subjected  to  analj«ia,  has  bewi  fonnd  to  contaiji  in  100  parti, 
1*05  carbon,  6--I7  hydrogen,  18-85  nitrogen,  and  25]  3  oiygpn. 

The  cArl'duge  of  the  ribs  and  Joints  yields  a  gelatin  differing  in  sotne  re- 
spects from  the  preceding:  it  is  called,  by  way  of  distinrf'-  -^  -*  -^rm.  It 
is  less  soluble  in  boiling  water  than   gelatin.     It  is  prtr  rom  iU 

Bolution  by  acetic  acid,  and  is  not  solul>le  in  an  excess  of  n  I'.^addi 

in  very  small  quantity  precipitate  chondrin,  but  the  slightest  excess  rcdJJh 
solves  the  precipitate.  Acetate  of  lead  and  solution  of  alum  also  predpi* 
t ate  this  subatnnce.  These  reactions  distinguish  ohondHu  from  gelallft. 
Soberer  givea  fiO  75  carbon,  6-90  hydrogen,  14-70  nilrogen,  and  27  66  oi|^ 
gen.  The  doubtful  formulic  Cj^U^N^O,  and  C^iT^N^OjQ,  hare  been  attlgncd 
to  chondrin. 

If  a  solution  of  gelatin,  albumin,  fibrin,  casein,  or  prob">'i'-  „,,^  «„«  f,f 
the  more  complei  aKoMKcd  animal  principles,  bo  mixe«i  jf 

cuprlo  Bulpliate,  and  then  a  large  excess  of  caustic  potash  ;  ,         ^      a- 

ish  precipitate  fire^t  formed  io  rediflnolTcd,  and  the  liquid  acqutrcn  m  dec| 
and  beautiful  ptirplu  tint. 

Qeliilln  is  largely  employed  aj;  an  article  of  food,  as  in  eottps,  &c. ;  but 
its  viiluc  in  this  respect  has  been  perhaps  overrated.  In  the  useful  arls*  un 
and  glue  are  consumed  in  great  quantities.  Thej«e  are  prepared  from  the* 
clippings  of  hides,  rmd  other  i^imilar  matters,  enclosed  in  a  net,  and  boiled 
with  water  in  a  large  caldron.  The  strained  solution  gelaiinites  on  cool- 
ing, and  constitutes  9ue.  Glue  Is  the  same  substance  in  a  slate  of  desicea- 
tiou,  the  sijLc  being  cut  into  slices  and  placed  upon  nettings  freely  exposed 
io  a  current  of  air.  Gelatin  is  cxlrncted  from  bones  with  much  greater 
difficulty:  the  best  method  of  proceeding  is  said  to  be  to  enclose  the  b<»n«^ 
previously  crushed,  in  strong  metallic  cylinders,  and  admit   li  ire 

steam,  whleh  attacks  and  dissolves  the  animal  matter  much  ]j 

than  boiling  water;  or,  lo  steep  the  bones  in  dilute  liydroi  ii»oMr  \rid, 
thereby  removing  I  he  earthy  phosphate,  and  then  dissolve  the  soft  and 
fleiiblo  rcaidue  by  boiling. 

There  is  an  important  economical  application  of  gelatin,  or  rather  of  tin 
material  which  produces  it,  which  dcscrTCS  notice  —  vli.,  to  the  clarify  log 
of  wines  and  beer  from  the  finely  divided  and  suspended  matter  which 
ofU'n  renders  these  liquids  muddy  and  unsightly*  When  isinglass  is  di- 
gested in  very  dilute  cold  acetic  acid,  as  sour  wine  and  beer,  it  eoft<»oa, 
swells,  and  sssuwies  the  aspect  of  a  very  light  transparent  jelly,  ii  hich, 
although  quite  inaolublo  in  the  cold,  maybe  readily  mixed  '^  •♦  •  *t^9 
quiiuttty  of  wotcry  liquid.      Such  a  preparation,  technically  •  r«^ 

is  sometimes  used  by  brewers  and  wine-mcrobants  for  the   p»»i ;  r* 

nivritioned:  its  action  on  the  liquor  with  which  it  is  mixed  fre4'nia  to  b« 
purely  mechanical,  the  gehitinous  cuatter  slowly  subsiding  to  the  butt om  of 
the  cask,  and  carrying  with  it  the  insoluble  substance  t*»  wluch  tJi«  tur- 
bidity was  due, 

HoBNT  Matter;  Ta-k^tv^  K%hh  cw:\>c>tv,*vAV3^v^^*xvA^v';  TkUroftn,  utd 
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or  OiiUii~wiib  &lcol)ol»  ellier,  walcr,  concept rfttcd  acciic  acid,  and  dilute 
caustic  sodft.  IL  has  a  ytllow  color  when  luoitst,  ib  t-iteiisihle,  but  beconiea 
Itrlttlo  lifter  drying*  It  is  perfectly  iustduble  iu  cold  or  boiling  Wflter»  ni^o 
in  :imnioniu,  jit:«lic  ftcid*  or  tilcolioL  In  a  conceiitmled  *iolnlion  of  putABli 
]i  la  di.vMdlvcd,  and  ut  (be  same  time  decunipej!^i*d.  The  i^uhition  i»  not  prb- 
ipitcktcd  by  ucids,  only  wiili  tannic  ucdI  the  neutral  ^oluiiou  ^ivv»  a  prc- 
pil&te.  When  bulled  wiili  Huilphuric  ucid  it  it»  deeuiiip<jHi;dT  with  fovmiition 
leumnc. 

Keratin.  —  ITair,  nails^  horn,  featberf,  epidermis,  and  epitbellum,  tioiled 
witb  ether,  alcohol,  water,  and  ililute  acid,  yield  rcE<idual  siibstanee.H  which 
lu  not  agree  wdl  in  their  analysis,  and  thivrefore  probably  are  not  rightly 
tl»i3sed  under  one  nume.  Thc»<e  bodie»  Hwell  but  little  in  water;  biiL  when 
y  are  very  hyj^roKcopic.  By  continual  boiling  in  water  at  15t>°  U  {'ii02° 
).  they  parti^klly  decompose.  A  milky  liquid  fornj^,  and  uiilphnrettccl 
lydrogen  Cijcapiis.  If  the  solution  la  evaporated  to  drynesa,  a  residue,  in- 
ftnbible  in  waier,  rcmiiins.  In  acetic  acid  these  anbHtances  awcdl  up  more 
than  in  water,  without  ixiateriully  altering  in  texture;  in  concentraled 
acetic  ucid  they  dissolve  when  boiled;  and  when  boiled  with  aulphurio 
acid,  they  give  leueiue,  and  about  4  per  cent,  of  lyroaine.  In  cnustic  pol- 
ftab,  and  with  difficulty  in  a  solution  of  potassium  carbonate,  ihey  ^well 
up,  and  when  heated  dissolve.  The  alkaline  aoiutiona  evolTe  ttulphurctted 
hydrogen  on  addition  of  acids. 

FinnuiN,  48*6  carhon,  fi -5  hydrogen,  17  Z  nitrogen,  and  27  fi  oiygen. — 
This  suhsfancc  die?olv?8  in  concentrated  acids  and  alkalies  and  in  arnino- 
niacal  cupric  aolution,  but  not  in  ammonia:  when  neutralized,  the  Bolntlona 
give  precipitates;  by  boiling  with  dilute  sulphuric  acid  it  yioMfl  leucine 
and  5  per  cent,  of  tyroaino. 

Sponoin  is  obtained  from  aponge  by  I  reading  it  with  ether,  alcohol,  hy- 
drochioric  acid^  antl  5  per  cent,  jtoda-lye.  It  closely  agrees  in  composition 
with  fibroin,  bui  when  boiled  with  aulphuric  acid  does  not  yield  lyroaiDe^ 
but  glyoooino  and  leucine. 

CoNCHioLiN  forms  the  greater  part  of  the  organic  baaist  of  musiel-ahelK 
It  18  insoluble  in  water,  alcohnl,  acetic  acid»  dilute  mineral  acid,  and  pot- 
a.*h-lye.  It  eontoins  1*;  or  17  per  cent,  of  nitrogen,  and  givea  by  boiling 
with  sulphuric  add,  only  leucinei  and  no  tyrosine^  glycoctne,  or  sugar. 

CniTiN,  from  the  skeleton  of  insects  and  erufttacea,  C^H,JIOj.  It  it*  beal 
prepared  by  hoiling  the  elytra  of  the  oockehafer  with  alkHlie**,  water,  acelie 
acid,  alcohol,  and  etber.    It  yields  glucose  when  dissolved  in  t^ulphuric  acid. 

Protahon  AXD  EiRiKE. — Protagon,  first  prepared  and  investigated  by 
Llehreich,  was  forfuerly  kno\vn  in  an  impure  at  ate  as  cerebrin,  cerehric 
*ftcid,  lecithin,  and  Avhen  swollen  in  water,  as  myelin.  It  forms  the  chief 
con«lilueut  of  the  nervous  puhrttnnce  in  the  nervous  centren  and  peripbiTal 
nerves.  It  al*io  most  likely  occurs  in  oil  of  eggs,  in  pus-cells,  in  white 
blood'cella,  and  in  semen;  but  at  present  it  haa  only  been  obtained  pure 
from  the  brnin,  which  must  he  freed  as  much  as  possible  from  blood  and 
extraneous  tissues.  The  emulsion  is  agitated  with  water,  and  poured  inio 
a  flank:  much  ether  is  poured  on  it,  and  after  constant  shaking  at  20**  C. 
(84°  F, ),  it  is  allowed  to  stand  for  «ome  time  and  at  (he  same  temperature. 
The  ether  is  poured  off.  filtered,  and  the  solution  is  cooled  from  0**  to 
— 10**  C!:  (14*  F.),  filtered  at  this  low  temperature,  and  washed  out  with 
cold  ciber  until  no  more  eholcslerin  ia  eniracted  t^y  the  ether.  The  resi- 
due is  drieiJ  over  sulphuric  acid,  dissolved  in  alcohol  of  80  per  cent,  at 
40^  C.  (101°  F.),  to  form  a  not  loo  eoucei\lrat«i  *t>\\iV\<K>TL^  *.i\^  'CSx'ctw  vV  \* 
allow tfd  to  <rotd  ait»wJy  in  a  water-baLk.     TUft  ptova^^^u  <at^*\J^Ca%«^  V3>saN.^sw 
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bundles  of  fine  needles.  It  is  colorless  mad  witboiii  smell,  seareely  sokUe 
in  pure  ether,  easilj  in  warm  spirit  of  wine*  rery  easUj  in  lattj  and  etberesl 
oils,  and  very  easily  also  in  warm  ethereal  soialioBs  of  fht.  Ib  water  it 
swells  up  to  an  opalescent  white  mass  like  a  decoction  of  starch,  sad  ia 
concentrated  solution  forms  a  firm  paste.  When  heated  in  alcohcd,  more 
especially  in  absolute  alcohol,  above  60"  to  6(r  C.  (122^-140°  F.),  it  decom- 
poses with  separation  of  oily  drops.  When  boiled  with  strong  baryta-wa- 
ter, the  protagon  by  degrees  decomposes  into  glycerin,  phosphoric  add, 
stearic  acid,  and  a  third  crystalline  non-nitrogenous  acid  not  thoroughly 
ioTestigated ;  but  its  lead-salts  are  soluble  ia  ether ;  ia  addition  to  ttese 
acids,  neurine  is  formed,  which  is  a  strong  base. 

Nbubixb,  CgH^NO,  or  C,HmN(OH),  was  obUined  by  Liebr^eh  by  boil- 
ing protagon  continuously  with  baryta-water,  precipitating  the  baryta  with 
carbonic  acid,  eraporating  the  filtrate  to  a  very  small  Tolnme,  preeipitatiBg 
with  absolute  alcohol,  eraporating  the  filtered  alcoholic  eztraiet  to  a  syrup, 
again  dissolring  it  in  absolute  alcohol,  and  precipitating  the  eoaeentnled 
solution  in  alcohol  with  platinic  chloride.  The  double  platinum  sslt. 
(C|Hj4NCl), .  PtCl4,  is  easily  soluble  in  water,  and  crystallisea  in  thla  large 
rhombic  tables  of  a  yellow  color.  It  is  not  altogether  inaolnbla  ia  aloohoL 
Solutions  of  neurine  react  rery  strongly  alkaline,  even  after  carbeaie  add 
has  long  been  passed  into  them.  The  solution  of  the  base  ia  abaohrte  alco- 
hol becomes  thick  by  passing  carbonic  acid  into  it;  carboaate  of  aeariaf 
with  an  alkaline  reaction  then  forma.  This  is  decomposed  with  eleiies 
cence  by  strong  acids.  The  neurine  forms  out  of  protagon  by  ainply  splits 
ting  into  glycerin,  phosphoric  acid,  &o.  By  its  formation  no  evolntioa  of 
ammonia  takes  place,  and  the  neurine  takes  all  the  nitrogen  of  the  prota- 
gon. Bauer  has  lately  shown  that  this  substance  is  the  hydrate  of  tri- 
methyl-ethyl-ammonium,  and  Wurti  has  actually  produced  this  complex 
organic  substance  synthetically. 

Ingsinic  Acid,  C^HgN,0«  (?),  found  by  Liebig  in  the  flesh  of  some  warm- 
blooded animals.  It  has  not  yet  been  obtained  in  crystals,  but  as  a  syrup 
which  becomes  solid  in  alcohol.  It  dissolves  easily  in  water,  reddens  lit- 
mus strongly,  tastes  pleasantly  like  soup,  and  partly  decomposes  by  boil- 
ing. Its  salts,  even  those  of  the  alkalies,  are  crystalline.  The  alkaline 
salts  are  soluble  in  water.  The  copper  and  silver-salts  form  amorphous, 
insoluble,  or  almost  insoluble  precipitates.  In  alcohol  and  ether  the  ino- 
sinio  salts  arc  not  soluble. 

Chlobohodic  Acid,  obtained  by  Bcedecker  from  pus  by  extraction  with 
ether,  alcohol,  and  water,  precipitation  with  lead  acetate,  decomposition 
by  hydrogen  sulphide,  and  extraction  with  absolute  alcohol,  forms  fine  mi- 
croscopic needles.  The  acid  dissolves  easily  in  water  or  alcohol,  but  not 
in  ether.  It  will  not  sublime,  melts  when  heated,  and  bums,  with  the 
Rmell  of  horn.  In  its  watery  solutions,  chloride  of  mercury  and  tin  and 
nitrate  of  mercury  cause  a  white  precipitate.  So  also  doe«  tannin.  Iodine 
gives  a  light  yellow  precipitate.  Chlorine  water  in  dilute  solutions  gives  s 
rose-red  color ;  dark-red  in  concentrated  solutions. 

ExcRETiN,  C^HigfOjS,  according  to  Marcct.  Alcoholic  extract  of  human 
fccccH  is  precipitated  with  lime,  and  extracted  with  alcohol  and  ether,  and 
the  solution  left  at  a  sufficiently  low  temperature  to  crystallise.  It  melts 
at  yU°  to  90°  C.  (198°-2(Kio  F.),  is  soluble  in  water,  and  in  warm  alcohol  or 
ether,  almost  insoluble  in  cold  alcohol.  The  solutions  have  a  neutral  reac- 
tion. Neither  boiling  caustic  potash  nor  dilute  acids  attack  it.  Nitrio 
acid  easily  dccompo^ea  W,. 

Ezcretolic  acid  ia  tV\<i  naiu^i  ^nxctv  "^i^  'SXKt^^X.  V^i  xxsvxtJcw^  <!kf  fatty  acid^ 
&0    which  we  precipitaUOi  ttom  W^  i^R^si^Xvi  ^^vtviV.  ^1  «v^^xs»£B^\s^\a&!t. 
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BLOOD,  UBOri,  SWEAT,  BAUTA,  GASTRIC  JUICS,  BILK,  CHYLB,  MUOUS,  PUSk 


CoMPOSiTioir  or  thb  Blood.  — The  blood  is  the  general  ciroulsUng  fluid 
of  the  animal  body,  the  Booroe  of  all  nutriment  and  growth,  and  the  gen- 
eral material  Arom  which  all  the  secretions,  howerer  much  they  may  differ  in 
properties  and  composition,  are  deriyed.  Food  or  nourishment  from  with- 
oat  ean  only  be  made  arailable  by  first  passing  through  the  blood.  It 
•erres  also  the  scarcely  less  important  office  of  remoTing  and  carrying  off 
from  the  body  principles  which  are  hurtfiil,  or  no  longer  required. 

In  all  Tertebrated  animals  the  blood  has  a  red  color,  and  probably  in  all 
eases  a  tenq>erature  above  that  of  the  medium  in  which  the  creature  lives. 
In  the  mammalia  this  is  very  apparent,  and  in  the  birds  still  more  so.  The 
heat  of  the  blood  is  directly  connected  with  the  degree  of  activity  of  the 
respiratory  process.  In  man  the  temperature  of  the  blood  seldom  varies 
much  from  36*6**  G.  (98^  F.),  when  in  a  state  of  health,  even  under  great 
Ticiasitudes  of  climate:  in  birds  it  is  sometimes  as  high  as  42*8®  C.  (109° 
F.).  To  these  two  highest  classes  of  the  animal  kingdom,  the  mammifers  and 
the  birds,  the  observations  about  to  be  made  are  intended  especially  to  apply. 

In  every  creature  of  this  description  two  kinds  of  blood  are  met  with, 
which  differ  very  considerably  in  their  appearance,  vix.,  that  contained  in 
the  left  side  of  the  heart  and  ih  the  arteries  generally,  and  that  contained 
in  the  right  side  of  the  heart  and  in  the  veins :  the  former,  or  arterial  blood, 
has  a  bright-red  color;  the  latter,  the  vmou4  blood,  is  blackish-purple.  The 
conversion  of  the  dark  into  the  florid  blood  may  be  traced  to  what  takes 
place  during  its  exposure  to  the  air  in  the  lungs ;  and  the  opposite  change, 
to  what  takes  place  in  the  capillaries  of  the  general  vascular  system,  or 
the  minute  tubes  or  passages,  distributed  in  countless  numbers  throughout 
the  whole  body,  which  connect  the  extremities  of  the  arteries  and  veins. 
When  compared  together,  little  difference  of  properties  or  composition  can 
be  found  in  the  two  kinds  of  blood :  the  hflsmoglobin  of  arterial  blood  is 
found  by  spectrum  analysis  to  differ  fr<mi  the  hsBmoglobin  of  venous  blood. 
The  difference  in  the  interference  banas  is  caused  by  the  combination  of 
oxygen  with  hsemoglobin  in  the  arteries  and  its  deoxidation  in  the  veins. 
The  fibrin  varies  a  little,  that  from  venous  blood  being,  as  already  men- 
tioned, soluble  in  a  solution  of  potassium  nitrate,  which  is  not  the  case 
with  arterial  fibrin.  It  is,  besides,  very  prone  to  absorb  oxygen,  and  to 
become,  in  all  probability,  partly  changed  to  a  higher  oxygen-compound  of 
fibrin.  The  only  other  notable  point  of  difference  is  in  the  gaseous  matter 
the  blood  holds  in  solution,  carbonic  acid  predominating  in  the  venous,  and 
free  oxygen  in  the  arterial  variety. 

In  its  ordinary  state  the  blood  has  a  slimy  feel,  a  density  varying  from 
I'Od.'ito  1  067,  and  a  decidedly  alkaline  reaction,  partly  from  soda  com- 
bined with  albumin,  and  partly  from  sodium  carbonate  and  phosphate :  it 
has  a  saline  and  disagreeable  taste,  and,  when  quite  recent,  a  peculiar  odor 
or  haiifui,  which  almost  Immediately  diBappe«kX«.  Kxi^^'c  mvs^^^'w^^^^^ 
€8  ^^ 
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afterwards  be  developed  by  addition  of  sulphuric  acid,  which  ia  by  i 

considered  cliaracteristio  of  the  animal  from  which  the  blood  was  obtained. 

The  coagulation  of  blood  in  repose  has  brca 

Fig.  197.  already  noticed,  and  its  cause  traced  to  the  Ba- 

8tual  action  of  the  fibrino-plastic  and  fibrino-genou 
Q  substances,  which  together  constitute  fibrin :  (he 

Q  @  Q>  ^  effect  is  best  seen  when  the  blood  Is  received  in  • 

^P^  shallow  Tcssel,  and  left  to  itself  acme  time.    No 

4^^     ^^    O        cTolution  of  gas  or  absorption  of  oxygen  takei 
r€^  plftce  in  this  process.     By  strong  agitaUon  coaga- 

(^  C>^  CjQ  iation  may  be  prevented ;  the  fibrin  in  this  ease 

^      ^  /TV  ^O^       separates  in  cohering  filaments. 
<^0  ^         ^M&  '^^  ^^^  naked  eye  the  blood  appears  a  homo- 

i:sO  ©I     ^         geneous  fluid ;  but  it  is  not  so  in  reality.    Whea 

©  ®^i^  examined  by  a  good  microscope,  it  is  seen  tocon- 

Qr^O  ®         sist  of  a  transparent  and  nearly  colorless  Kq aid, 

^^^  O  ^   ^  in  which  float  about  a  countleas  multitude  of  little 

Q)    Qr'   ^^  round  red  bodies  to  which  the  color  la  due;  these 

are  the  blood-disa  or  blood^eorputcUw  of  micro- 
scopic obseryers.  They  are  accompanied  by  colorless  globules,  fewer  and 
larger,  the  white  corputdes  of  the  blood. 

The  blood-discs  are  found  to  present  different  appearances  in  the  blood 
of  different  animals :  in  the  mammifers  they  look  like  little  round  red  or 
yellowish  discs,  thiu  when  compared  with  their  diameter,  belnr  flattraed 
or  depressed  on  opposite  sides.  In  birds,  lisards,  frogs,  and  fish,  the  cor- 
pu:*cle8  are  elliptical.  In  magnitude  they  seem  to  be  pretty  constant  in  sH 
the  members  of  a  species,  but  differ  with  the  genus  and  order.  In  man 
they  are  very  small,  varying  from  ^^^  to  j-^jj  of  an  inch  in  breadth,  while 
in  the  frog  the  long  diameter  of  the  ellipse  measures  at  least  four  times  ss 
much.  The  corpuscles  consist  of  an  envelope  containing  a  fluid  in  whicb 
the  rod  coloring  matter  of  the  blood  is  dissolved. 

The  coagulation  of  blood  effects  a  kind  of  natural  proximate  analysis; 
the  clear,  pale  serum,  or  fluid  part,  is  an  alkaline  solutittn  of  albumin,  con- 
taining various  soluble  salts ;  the  clot  is  a  mechanical  mixture  of  fibrin  and 
blood-globules,  swollen  and  distended  with  serum,  of  which  it  absorbs  s 
large  but  variable  quantity. 

The  following  table  represents  the  composition  of  healthy  human  blood 
as  a  whole ;  it  is  on  the  authority  of  M.  Leeanu :  * 

(1.)  (2.) 

Water 78015  785  58 

Fibrin 210  3-57 

Albumin 65-09  69-41 

Coloring  matter           ....  18300  119C3 

Crystallizable  fat 2-48  4-30 

Fluid  fat 1-31  2-27 

Extractive  matter  of  uncertain  nature, ")  j.yg  -  ^go 

soluble  in  both  water  and  alcohol    .  / 

Albumin  in  combination  with  soda          .  1*26  2*01 

Sodium  and  potassium  chlorides,  car-  "I  g.oy  ^.oq 

bonates,  phosphates,  and  sulphates.  / 
Calcium  aud  magnesium  carbonates ;  \ 

phosphates  of  calcium,  magnesium,  >  2*10  1-42 

and  iron ;  ferric  oxide     .         .         .J 

Loss 2-40  2-59 
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In  healthr  indWiduals  of  different  sexes  these  proportions  are  found  to 
YMTj :  tbe  nbrin  and  coloring  matter  are  usually  more  abundant  in  the 
male  than  in  the  female :  in  disease,  rarlations  of  a  far  wider  extent  are 
often  apparent. 

It  appears  singular  that  the  red  corpuscles,  which  are  so  easilj  dissoWed 
by  water,  should  remain  uniigured  in  the  fluid  portion  of  the  blood.  This 
seems  partly  due  to  the  presence  of  saline  matter,  and  partly  to  that  of  al- 
bumin, the  corpuscles  being  alike  insoluble  in  a  strong  solution  of  salt  and 
in  a  highly  albuminous  liquid.  In  the  blood  the  limit  of  dilution  within 
which  the  corpuscles  retain  their  integrity  appears  to  be  nearly  reached, 
for  when  water  is  added  they  immediately  become  attacked. 

UBiirx. — The  urine  is  the  great  channel  by  which  the  azotiied  matter  of 
those  portions  of  the  body  which  have  been  taken  up  by  the  absorbents, 
and  by  which  the  ^cess  of  nitrogenous  food  is  conveyed  away  and  rejected 
from  the  system  in  the  form  of  urea.  It  serves  also  to  remove  superfluous 
water  and  foreign  soluble  matters  which  get  introduced  into  the  blood. 

The  two  most  remarkable  and  characteristic  constituents  of  urine,  urea, 
and  uric  acid,  have  already  been  fully  described ;  in  addition  to  these,  it 
contains  lactic  and  hippurio  acids,  creatin,  creatinine,  and  traces  of  glucose 
and  indiean,  calcium  and  magnesium  sulphates,  chlorides,  and  phosphates, 
alkaline  salts,  and  certain  yet  imperfectly  known  principles,  including  an 
odoriferous  and  a  coloring  substance. 

Healthy  human  urine  is  a  transparent,  light  amber-colored  liquid,  which, 
while  warm,  emits  a  peculiar,  aromatic,  and  not  disagreeable  odor.  This 
is  lost  on  cooling,  while  the  urine  at  the  same  time  occasionally  becomes 
turbid,  from  a  deposition  of  urates,  which  rcdissolve  with  slight  elevation 
of  temperature.  It  is  very  decidedly  acid  to  test-paper;  this  acidity, 
which  continually  varies  in  amount,  has  been  ascribed  to  acid  sodium  phos- 

Ehate,  to  free  uric  acid,  and  to  free  lactic  acid ;  lactic  acid  can,  however, 
ardly  co-exist  with  alkaline  urates,  and  the  amorphous  buff-colored  de- 
posit obtained  from  fresh  urine  by  spontaneous  evaporation  in  a  vacuum, 
18  not  uric  acid,  but  mixed  acid  urates,  modified  as  to  crystalline  form  by 
the  presence  of  minute  quantities  of  sodium  chloride.  That  a  free  acid  is 
sometimes  present  in  the  urine  is  certain  :  in  this  case  the  reaction  to  test- 
paper  is  far  stronger,  and  the  liquid  deposits  on  standing,  little,  red,  hard 
crystals  of  uric  acid  ;  but  this  is  no  longer  a  normal  secretion. 

An  alkaline  condition  of  the  urine  from  fixed  alkali  is  sometimes  met 
with.  Such  alkalinity  can  always  be  induced  by  the  administration  of  neu- 
tral potassium  or  sodium-salts  of  a  vegetable  acid,  as  tartaric  or  acetic 
acid :  the  acid  of  the  salt  is  burned  in  the  blood  in  the  process  of  respira- 
tion, and  a  portion  of  the  base  appears  in  the  urine  in  the  state  of  car- 
bonate. The  urine  is  often  alkaline  in  c&ses  of  retention,  from  ammonium 
carbonate  produced  by  putrefaction  in  the  bladder  itself;  but  this  is  easily 
distinguished  from  alkalinity  from  fixed  alkali,  in  which  it  is  secreted  in  that 
condition. 

The  density  of  the  urine  varies  from  1005  to  1»080:  about  1-020  to  1'025 
may  be  taken  as  the  average  specific  gravity.  A  high  degree  of  density  in 
urine  may  arise  from  an  unusually  large  proportion  of  urea :  in  such  a 
case,  the  addition  of  nitric  acid  will  occasion  an  almost  immediate  produc- 
tion of  crystals  of  urea  nitrate;  whereas  with  urine  of  the  usual  degree 
of  concentration,  very  many  hours  will  elapse  before  the  nitrate  begins  to 
separate.  The  quantity  of  urine  passed  depends  much  upon  circumstances, 
as  upon  the  activity  of  the  skin.  It  is  usually  more  deficient  in  quantity 
and  of  higher  density  in  summer  than  in  winter.  Perhaps  about  82  ounces 
in  the  24  hours  may  be  assumed  as  a  mean. 

When  kept  at  a  moderate  temperature,  urine  aiV«t  e^m^  <V%.^%  \i^^e»A  Nj^ 
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decompose :  it  exlmlos  an  off©n?iTe  odor,  becomes  iilltftliiie  f^ftm  tk©  piro- 
ductioD  of  ftmmonium  c&rbonate,  and  turbid  from  the  deposit  Ion  of  e&ttbf 
phosphates.  The  Ammonium  carbonate  in  due  to  the  putrcraccive  decoa- 
position  of  the  urea,  which  ^adually  di«app«»ar»,  the  frrmmt^  or  icttTt 
agent  of  the  change^  being  a  peculiar  nitrogcnoua  8ub«tane«  mrhieh  is 
always  Toidcd  with  the  urine.  It  has  been  found  also  that  tb«  yellow  ad> 
hcslTe  deposit  containing  infusoria  from  stale  urine  is  a  most  poweH^  ter- 
ment  to  the  fresh  secretion.  In  this  putrefied  i^tate  urine  ia  used  tnp#niil 
of  the  arts,  as  in  dyeing,  and  forms  perhaps  the  most  raluable  mannrt  far 
land  known  to  exist. 

Putrid  urine  always  oontainft  a  considerable  qaaotity  of  ammoiiiiixB  iid* 
phide:  this  ie  formed  by  the  deoxtdation  of  sulphates  by  ibe  organic  mat- 
ter. The  highly  offensive  odor  and  extreme  pungency  of  Lh«  decompoeisg 
liquid  may  be  prevented  by  previously  mixing  the  urine,  as  Liebig  wag- 
gestft,  with  sulphuric  or  hydrochloric  acid,  in  sufficient  Quantity  io  falnrsta 

tall  the  ntiimouia  that  can  be  formed. 
The  following  ia  an  analysis  of  human  urine  by  BerzeUusu     1000  parta 
contained-^ 


Water 

933  02 

Urea 

.     aO  10 

Lactates  and  extractiye  matted    . 

17-14 

Uric  acid 

.       1<M) 

Potassium  and  sodium  iulpbates 

»5'87 

Sodium  pbu.«pliiilc   .... 

2'v*2 

Ammonium  phusphnto 

T-tis 

Calcium  and  luiiguesium  phosphates 

1*00 

Sodium  chloride  ..... 

4  15 

Sal-ammoniac           .... 

.       1  50 

Silica 

003 

Mucufl  of  bladder    .... 

.       032 

1000  00 


In  certain  states  of  disorder  and  disease,  substances  appear  in  llie  nrbt 
which  are  never  present  in  the  normal  secretion:  of  these  the  moat  eom- 
mon  is  alhumiu.  This  is  easily  detected  by  the  addition  of  nitric  ■eid  ia 
excess,  which  then  causes  a  white  cloud  or  turbidity,  which  is  pennaftiti 
when  boiled,  or  by  corrosive  aubliraate,  the  urine  being  previously  aeidl* 
fied  with  a  Utile  acetic  acid;  boiling  usually  causes  a  precipff-  •  —^  -b  if 
not  dissolved  by  a  drop  or  two  of  acid,     Were  turbidity  by  ti* 

proof  of  albumin,  the  earthy  phosphates  being  often  thrown  -  _  ..  iiott 
nearly  neutral  urine  under  such  circumstances  ;  the  phospbatic  preeipittU 
is,  however,  instantly  dissotvcd  by  a  drop  of  any  acid. 

In  diitbetcji  the  uriue  contains  grape-sugar,  ibe  quantity  of  which  variti 
Willi  I  he  intenstty  of  the  disease;  sometimes  it  is  enormous,  lliv  urine  •«• 
quiring;  a  density  of  1040  ftnd  beyond.  It  docs  not  appear  thiit  the  iir« 
is  deficient  Qh^ohtteltf^  allhough  more  difficult  lo  discover  from  being  nuie4 
wiib  such  a  mass  of  syrup.  Very  pmall  Iraccs  of  sugar  may  be  diseoterwl 
in  urine  by  Trommer's  test,  fortnerly  mentioned  (p.  670)  :  a  few  drops  of 
solution  of  copric  sulphate  are  added  to  the  urine,  and  attorwards  an  ex- 
cess of  caustic  potash;  if  9ugiir  be  present,  a  deep  blue  liquid  retoliJ^ 
which,  on  boiling,  deposits  reil  cuprous  oxide.  With  proper  nianag^uteiil 
this  test  is  very  valuable.  Urine  containing  sugar,  when  mixed  with  • 
little  yeast,  and  put  in  a  warm  place,  readily  undergoes  vinous*  f**rmfui4- 
Iron,  and  nfterwatrds  ^\eld«s  on  distillation,  weak  alcohol  contaminated  wiik 
uinmonia. 

The  urine  of  cVkW^t^n  \a  «^v^  ^Qm^xivrnt^  W  tw^.^\a.  \i*«ii*>>s.  %fcvvlv  Uuj  ii 
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• 
produced  by  the  deoomposition  of  hipporic  aoid,  which  constantly  occurs 
in  the  urine  of  healthy  persons.    When  benzoic  acid  is  taken,  the  urine 
after  a  few  hours  yields  on  concentration,  and  the  addition  of  hydrochloric 
acid,  needles  of  hippnric  acid,  soiled  by  adhering  uric  acid. 

The  deposit  of  buff-colored  or  pinkish  amorphous  sediment,  which  so 
frequently  occurs  in  urine  upon  cooling,  after  unusual  exercise  or  slight 
derangements  of  health,  consists  of  a  yariable  mixture  of  colored  acid 
urates  uncrystallized :  it  may  be  at  once  distinguished  from  a  deposit  of 
ammonio-magnesian  phosphate  by  its  instant  disappearance  on  the  appli- 
cation of  heat.  The  earthy  phosphates,  besides,  are  hardly  oyer  deposited 
from  urine  which  has  an  acid  reaction. 

The  coloring  matters  of  the  urine  haTC  been  carefully  examined  by  Dr. 
Schunck.  He  finds  that  most  of  the  substances  hitherto  described  as  col- 
oring healthy  urine  are  products  of  the  change  of  one,  or  at  most  two, 
coloring  matters,  which  are  always  present.  The  first  and  most  important 
of  these,  Dr.  Schunck  has  obtained  as  a  dark-yellow  extract,  amorphous 
and  deliquescent,  with  a  peculiar  odor.  It  is  soluble  in  alcohol  and  ether, 
as  well  as  in  water,  and  has  the  composition  C^^H^iNO,!.  It  is  decomposed 
at  a  boiling  temperature,  yielding  a  large  quantity  of  a  brown  resin  and 
Tolatile  organic  acid.  A  second  extractive  matter,  soluble  in  water  and  al- 
cohol, but  not  in  ether,  he  found  had  the  formula  Cj^H^NO,^.  This  is  cer- 
tainly produced  in  the  process  of  preparing  the  nrst  extractive  matter, 
and,  perhaps,  does  not  pre-exist  in  healthy  urine.  Heat  and  all  strong 
alkalies  and  acids  decompose  these  extractive  matters,  and  give  rise  to 
most  of  the  coloring  matters  which  have  hitherto  been  described  as  exist- 
ing in  healthy  urine.  The  reddish-pink  coloring  matter,  called  purpurin 
or  uro-erythrin,  which  adheres  so  tenaciously  to  the  urates,  is  not  an  ordi- 
nary constituent  of  healthy  urine,  but  is  formed  more  especially  when  the 
secretion  of  bile  is  diminished.  With  regard  to  the  presence  of  indican  in 
healthy  urine,  see  p.  583. 

The  yellow  principle  of  bile  may  be  observed  in  urine  in  cases  of  jaun- 
dice. 

The  urine  of  the  carnivorous  mammifera  is  small  in  quantity  and  highly 
acid.  It  has  a  very  offensive  odor,  and  quickly  putrefies.  In  composition 
it  resembles  that  of  man,  and  is  rich  in  urea.  In  birds  and  serpents,  the 
urine  is  a  white  pasty  substance,  consisting  almost  entirely  of  urate  of  am- 
monia. In  herbivorous  animals  it  is  alkaline  and  often  turbid  from  earthy 
carbonates  and  phosphates:  urea  is  still  the  characteristic  ingredient, 
while  of  uric  acid  there  is  scarcely  a  trace:  hippnric  acid  is  usually,  irnot 
always,  present,  sometimes  to  a  very  large  extent.  When  the  urine  putre- 
fies, this  hippnric  acid,  as  already  noticed,  becomes  changed  to  benzoic  acid. 

Ubinabt  Calculi.  —  Stony  concretions,  differing  much  in  physical  char- 
acters and  in  chemical  composition,  are  unhappily  but  too  frequently 
formed  in  the  bladder  itself,  and  give  rise  to  one  of  the  most  distressing 
complaints  to  which  humanity  is  subject.  Although  many  endeavors  have 
been  made  to  find  some  solvent  or  solvents  for  these  calculi,  and  thus  su- 
persede the  necessity  of  a  formidable  surgical  operation  for  their  removal, 
success  has  been  but  very  partial  and  limited. 

Urinary  calculi  are  generally  composed  of  concentric  layers  of  crystal- 
line or  amorphous  matter,  of  various  degrees  of  hardness.  Very  frequent- 
ly the  central  point  or  nucleus  is  a  small  foreign  body:  curious  illustrations 
of  this  will  be  seen  in  any  large  collection.  Calculi  are  not  confined  to 
man:  the  lower  animals  are  subject  to  the  same  affliction ;  they  have  been 
found  in  horses,  oxen,  sheep,  pigs,  and  almost  constantly  in  rats. 

The  following  is  a  sketch  of  the  principal  cVitwc^kCV^x^  ^1  VV^  ^v^'st^'tX. 
TBrieiiea  of  calculi:  — 
68* 
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1.  Uric  Aeid,  — These  are  among  the  meat  oommon :  aziemally  Xhrj  are 
smooth  or  warty,  of  yellowish  or  brownish  tint :  they  have  an  imperfedlj 
crystalline,  distinctly  concentric  structure,  and  are  tolerably  hard.  Be- 
fore the  blowpipe  the  uric  acid  calculus  boms  away,  leaving  no  adi.  It  ii 
insoluble  in  water,  but  dissolves  with  facility  in  caustic  potash,  with  bol 
little  ammoniacal  odor:  the  solution  mixed  with  acid  giTes  a  copious  while 
curdy  precipitate  of  uric  acid,  which  speedily  becomes  dense  and  crystsl- 
line.  Cautiously  heated  with  nitric  acid,  and  then  mixed  with  a  little  sb- 
monia,  it  gives  the  characteristic  reaction  of  uric  acid,  Tix.,  deep  purple- 
red  murcxide. 

2.  Ammonium  Urate.  —  Calculi  of  ammonium  urate  mnoh  reaemble  tht 
preceding ;  they  are  easily  distinguished,  however.  The  powder  boiled  ii 
wuter  dissolves,  and  the  solution  gives  a  precipitate  of  nric  acid  whes 
mixed  with  hydrochloric  acid.  It  dissolves  also  in  hot  potassinm  carbo- 
nate with  copious  evolution  of  ammonia. 

3.  FimbU  Calculus;  Calcium  Pkosphait  %ritk  Ammomo-Magnttian  JPkch 
phate, — This  is  one  of  the  most  common  kinds.  The  stones  are  usnallj 
white  or  pale-colored,  smooth,  earthy,  and  soft;  they  often  attain  a  Isrga 
size.  Before  tbe  blowpipe  this  substance  blackens  from  animal  matter. 
which  calculi  always  contain ;  then  becomes  white,  and  melts  to  a  betd 
with  comparative  facility.  It  is  insoluble  in  caustic  alkali,  bnt  readily  sol- 
uble in  dilute  acids,  and  the  solution  is  precipitated  by  ammonia.  Calculi 
of  unmixed  calcium  phosphate  are  rare,  as  also  those  of  magnesium  aid 
ammonium  phosphate ;  the  latter  salt  is  sometimes  seen,  forming  small  bril- 
liant crystals,  in  cavities  in  the  fusible  calculus. 

4.  Calcium  Ozalnte  Calculus;  Mulberry  Calculut.  —  The  latter  name  is  de- 
rived from  the  rough,  warty  character,  and  dark  blood-stained  aspect  of 
thiH  variety :  it  is  perhaps  the  worst  form  of  calculus.  It  is  exceedingly 
hurd:  tbe  layers  arc  thick  and  imperfectly  crystalline.  Before  the  blov- 
pipe  the  calcium  oxalate  burns  to  a  carbonate  by  a  moderate  red  heat,  and, 
when  the  flame  is  strongly  urged,  to  quicklime.  It  is  soluble  in  moderately 
strong  hydrochloric  acid  by  heat,  and  very  easily  in  nitric  acid.  When 
finely  poM-dcred  and  long  boiled  in  a  solution  of  potassium  carbonate, 
potassium  oxalate  may  be  discovered  in  tbe  filtered  liquor  when  carefully 
neutralized  by  nitric  acid,  by  white  precipitates  with  solutions  of  lime, 
lead,  and  silver.  A  sediment  of  calcium  oxalate  in  very  minute,  transpar- 
ent, octohedral  crystals,  only  to  be  seen  by  the  microscope,  is  of  common 
occurrence  in  urine,  in  which  a  tendency  to  deposits  of  urates  exists. 

5.  Cyttine  and  Xanthine.  —  These  calculi  are  very  rare,  especially  the 
latter.  Calculi  of  cystine  or  cystic  oxide  are  very  crystalline,  and  often 
present  a  waxy  appearance  externally :  sediments  of  cystic  oxide  are  soDic- 
times  met  with.  This  substance  is  a  definite  crystallizable  organic  prin- 
ciple, containing  sulphur  to  a  large  amount,  its  formula  being  C^H^NSOj- 
The  powdered  calculus  dissolves  in  great  part,  without  efTervesccnce,  in 
dilute  acids  and  alkalies,  including  ammonia:  the  ammoniacal  solution  de- 
posits, by  spontaneous  evaporation,  small  but  beautiful  colorless  cryeitals, 
which  have  the  form  of  six-sided  prisms  and  tables.  It  forms  a  saline 
compound  with  hydrochloric  acid.  Caustic  alkalies  disengage  ammonia 
from  this  substance  by  continued  ebullition.  When  the  solution  in  nitric 
acid  is  evaporated  to  dryness,  it  blackens:  when  it  is  dissolved  in  large 
quantity  of  caustic  potash,  a  drop  of  solution  of  lead  acetate  added,  and  the 
whole  boiled,  a  black  precipitate  containing  lead  sulphide  makes  its  appear- 
ance.    By  these  characters  cystine  is  easily  recognized. 

Xanthine  or  xanfhic  oxide^  also  a  definite  organic  principle,  C^II^N.Oj.  is 
distinguished  by  the  peculiar  deep-yellow  color  proiiuccd  when  i\t*  ^oluiittn 
in  nitric  iicid  is  evapoxMuvWo  O^T^juwi^*.  \\.\^%Q\M.Vi\ft  \a  alkalies  and  in  boil- 
ings, strong  hydrocbiloric  a^ivOi, 
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Very  many  calculi  are  of  a  composite  nature,  the  composition  of  the  dif- 
ferent layers  being  occasionally  changed,  or  alternating:  thus,  mixed 
urates  and  calcium  oxalate  are  not  unfrequently  associated  in  the  same 
stone. 

SwsAT.  —  The  watery  fluid  poured  out  by  the  skin  contains  from  )^  to  2 
per  cent,  of  solid  matter :  the  acidity  of  the  secretion  depends  on  organic 
acids,  chiefly  formic :  acetic  and  butyric  acids  also  exist  in  it.  Lactic  acid 
has  been  stated  to  be  absent,  eyen  in  rheumatism :  a  new  acid  named  tudorie 
aeidy  and  somewhat  resembling  uric  acid  in  composition,  is  said  to  be  al- 
ways present  In  disease,  and  in  health,  small  quantities  of  urea  also  exist 
in  sweat.  The  salts  in  the  sweat  are  chlorides  of  sodium  and  potassium. 
Phosphoric  acid,  lime,  magnesia,  and  iron  oxide  haTc  been  found. 

Saliya  is  a  mixture  of  seyeral  fluids  secreted  by  different  glands  of  the 
mouth.  Its  specific  gravity  is  from  1  •002  to  1  -009.  It  is  usually  alkaline :  dur- 
ing and  after  eating,  the  alkaline  reaction  increases,  while  it  decreases  by 
fasting.  It  contains  an  albuminous  substance,  ptyalin,  which  acts  on  starch, 
rapidly  changing  it  into  sugar.  The  secretion  of  the  submaxillary  gland, 
with  the  mucus  of  the  mouth,  chiefly  produces  this  effect.  On  the  passage 
of  the  food  into  the  acid  gastric  juice,  this  conyersion  of  starch  into  sugar 
ceases.  The  second  remarkable  substance  in  saliya  is  potassium  sulpho- 
oyanate,  which  exists  in  yery  small  quantities,  but  is  yery  easily  detected. 
The  solid  constituents  of  the  saliva  are  about  1  per  cent.,  and  in  100  parts 
of  solid  constituents  from  7  to  21  parts  are  fixed  salts,  chiefly  chlorides, 
with  calcium  carbonate  and  phosphate. 

Gastric  Juice  is  a  clear,  colorless,  transparent  fluid,  of  sp.  gr.  1-002, 
containing  1  to  2  per  cent,  of  solid  constituents,  chiefly  sodium  chloride  and 
lactate.  It  has  an  acid  reaction,  and  contains  hydrochloric,  lactic,  butyric, 
propionic,  and  acetic  acids.  It  is  slightly,  or  not  at  all,  coagulable  by 
boiling,  though  it  contains  two  albuminous  substances,  one  insoluble  in  wa- 
ter and  absolute  alcohol,  the  osmazome  of  older  authors ;  the  other  soluble 
in  water,  but  precipitated  by  alcohol,  tannin,  mercuric  chloride,  and  lead- 
salts.  This  is  pepsin.  In  the  gastric  juice  of  man  it  exists  to  the  amount 
of  0-819  per  cent.  When  the  gastric  juice  has  the  greatest  solvent  power, 
100  parts  of  fluid  are  saturated  by  1*25  parts  of  potash.  The  gastric  juice 
dissolves  the  albuminous  substances  taken  as  food,  and  slightly  changes 
their  reactions.  Thus  albumin,  fibrin,  casein,  legumin,  gluten,  and  chon- 
drin  give  rise  to  as  many  different  peptones.     (See  pepsin,  p.  801.) 

Bilk.  —  This  is  a  secretion  of  a  very  different  character  from  the  pre- 
ceding :  the  largest  internal  organ  of  the  body,  the  liver,  is  devoted  to  its 
preparation,  which  takes  place  from  venous,  instead  of  arterial  blood.  Ac- 
cording to  Qorup-Besanez,  human  bile  contains  in  1000  parts  — 

Water 828—908 

SoUd  matter     .         .        .         177—  92 


Bile  acids  with  alkali  .         .     108—  66 

Fat  and  cholesterin  .         .  47 —  40 

Mucus  and  coloring  matter      24 —  15 

Ash 11—    6 

In  its  ordinary  state,  bile  is  a  very  deep-yellow,  or  greenish,  viscid,  trans- 
parent liquid,  which  darkens  by  exposure  to  the  air,  and  undergoes  changes 
which  have  been  yet  imperfectly  studied.  It  has  a  disagreeable  odor,  a 
most  nauseous,  bitter  taste,  a  distinctly  alkaline  reaction,  and  is  misciblo 
with  water  in  all  proportions.  When  evaporated  V.o  dx-^xv^^^  VkX  \^^S:f^  >  •^'^^ 
treated   with  alcohol,  the  greater  part  diaaoVvea,  \^aiVvTv^  \i^\\\A  ^Vk.  vsv- 
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Bolublo  jelly  cif  mtiGiis  of  the  ^all-bladder.  This  alcoliolio  solution  oontftin 
coloring  matter  and  cbolcsterin:  from  tJie  former  it  may  be  freed  hj  i 
gealioii  vfith  aiiLuial  cliikreo&U  urid  from  the  latter  by  a  Urge  ftdtnixiure  of 
ether»  in  wbich  the  bile  is  iuaolublo,  and  geparHtes  Jiii  a  thick*  sjrupy^  unci 
nearly  colorleati  lii^uid.  The  coloring  matter  luay  also  be  prectpiutcd  bj 
baryltt-water. 

Pure  bile  I  bus  obtained,  when  craporated  to  dryness  by  a  gentle  beat, 
forms  a  f^liglitly  yellouiah  britile  mass,  resembling gum-arabie.  It  iii  cr>m» 
pletely  buluble  in  water  and  absolute  alcohol.  The  solution  ia  not  affected 
by  Ihe  vegetable  acids;  hydrochloric  aud  sulphuric  acidjs,  on  the  eonlrory, 
give  n«e  to  turbidity »  either  immediately  or  after  a  short  intenraL  Lead 
acetate  partly  precipitates  it;  tribaaie  acetate  precipitates  it  complelcly: 
the  precipitate  is  readily  soluble  in  acetic  acid,  in  alcohol,  and  to  a  cer- 
tain extent  in  excels  of  lead  acetafe.  VVhcn  carbotiixcd  by  bent,  and  in- 
cinerated, bdc  leaves  between  11  and  12  percent,  of  a^h,  eonsisltng  chiefly 
of  sodium  carbonate,  with  a  lirile  common  salt  and  alkaline  pbo«^phat«. 
The  beautiful  researches  of  Strecker  show  that  bile  is  essentially  a  mia- 
lure  of  the  sodium-sails  of  two  peculiar  acids,  resembling  ibc  resinoov 
anil  fatly  acid^^.  One  of  these  contains  nitrogen,  but  no  sulphur,  and  is 
termed  fjlycockolk  itcid,  being  a  conjugated  contpound"*  of  a  nnn-niirtM^moiua 
aciti,  choUc  uad^  with  the  azotised  gu bstu nee  y/yconW  (p.  C14);  the  otUi^r* 
containing  nitrogen  and  sulphur,  is  called  taurocholtc  acid,  being  a  conjugaird 
oompMUud  of  the  same  cholic  acid  with  a  body  to  be  presently  rle»cribed 
under  the  name  of  taurin^  eoutaiuing  both  nitrogen  and  suJphur.  The  rela- 
tive proportion  in  which  these  aoida  occur  in  bile,  remains  pretty  constant 
with  (he  same  amnial,  but  Yarlea  considerably  with  different  classes  of 
animal  El. 

Glvcocholic  Acid  may  be  thus  obtained; — When  ojt-bilo  is  perfeeily 
dried  and  extracted  with  cold  absolute  alcohol,  and  after  filtration  is  mixed 
with  ether,  it  first  dcpoiiilsa  brownish  tough  resinous  mass,  and  after  9nins 
tiine>  slelbite  crystals,  couaif^ling  of  tiie  glycocholates  ofsodintn  and  potaa- 
sium.  These  mixed  crystJils  were  Arst  obtained  by  Plattner,  and  Ui«y  com* 
pose  his  so-eolled  erystuUized  bile. 

Glycoeholic  acid  may  be  (jbiuincd  by  decomposing  sodium  glycocholal  " 
with  sulphuric  acid:    it   crystnlliyes  in   fim*  white  nvedlt**  of  n  bitlcriw 
sweet  tante,  is  soluble  in  water  nnd  alcohol,  but  only  slightly  in  cthiT. 
bjis  a  strong  acid  reaction.     It  is  represented  by  the   formula  •'j,H^NtH_ 
When  boiled  with  a  solution  of  potash,  the  acid  divides  into  cholic  .icid  utM 
glycocine : 

c^n^NO,  + 

GlycoL'holic 
acid. 


H,0    =    C^H^O^    +    C,H»NO, 
Choli©  acid. 


Glyeo^ine. 


Boiled  with  concentrated  sulphuric  or  hydrochloric  acid,  it  likewise  yields 
glycoelne,  but  instead  of  cholic  acid,  another  white  amorphous  acid,  rJiW/>- 
ItHc  acid  (Cj|Hj^04  =  cholic  acid  minus  1  molecule  of  water),  or,  if  the  ebul- 
lition baa  continued  for  some  time,  a  resinous  substance,  from  ii^s  insolu- 
bility in  water  called  dt/tly^in  i^^n^sc^s  "^  cholic  acid  minus  2  molecules 
ot  ^vater). 

TAirnocnoLic  7\€n>  is  thus  procured :  — Ox-bile  Is  freed  as  far  as  pruaitili. 
from  glycoeholio  acid  by  means  of  neutral  lead  acetate,  and  ts  then  pii 
CTpitated  by  basic  li»ad  acetate,  to  which  a  little  ammonia  is  abided.  Tli 
precipitate  is  decomposed  by  podium  carbonate,  whereby  tolerably  pii^ 
ffodiitni  tfiurocboiftlt^  i%  obtained.  By  deeompofping  the  taurocholar*  ^ 
lOHd  with  8ulphuTetle<i  U^Atq^tx,  lfcxrt^V^\V\«^  acid  is  liberated.     This  w% 

^trm^aU  oV  ll«*#*  two  W\» »,  taii^^  ««  ^\«'«m.%m  -A^%«, 
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stance,  howeT«r,  which  was  preTiously  called  choUc  acid  and  biUnj  hat 
nerer  been  obtained  in  the  pure  state ;  its  formula,  as  inferred  from  the 
study  of  its  products  of  decomposition,  appears  to  be  C^H^SOy.  When 
boiled  with  alkalies,  it  divides  into  cholio  acid  and  taurin  : 

C^H^NSOt    +    H,0    =    C^H^Og    +    C.H^NSO, 
Taurocholic  acid.  Cholio  acid.         Q^cocine. 

With  boiling  acids  it  likewise  gives  taurin,  but  instead  of  cholic  acid 
either  choloidic  acid  or  dyslysin,  according  to  the  duration  of  the  ebullition. 

Taurik,  C^HyNSO,,  crystallises  in  colorless  regular  hexagonal  prisms, 
which  have  no  odor  and  very  little  taste.  It  is  neutral  to  test-paper,  and 
permanent  in  the  air.  When  burnt,  it  gives  rise  to  much  sulphurous  acid. 
It  contains  upwards  of  25  per  cent,  of  sulphur.  It  is  easily  prepared  by 
boiling  purified  bile  for  some  hours  with  hydrochloric  acid.  After  filtra- 
tion and  evaporation,  the  acid  residue  is  treated  with  five  or  six  times  its 
bulk  of  boiling  alcohol,  from  which  the  taurin  separates  on  cooling.  Strecker 
made  many  attempts  to  prepare  taurin  artificially.  Ultimately  he  found 
that  when  ammonium  isethionate  fp.  627),  which  melts  at  180^,  is  heated 
to  210®  or  220*  C.  (410*-428®  P.),  it  loses  1  molecule  of  water,  and  becomes 
taurin.  The  substance  is  dissolved  in  water,  and  on  the  addition  of  alco- 
hol, gives  crystals  having  all  the  properties  of  taurin.  Kolbe  has  recently 
observed  the  formation  of  taurin  under  very  interesting  circumstances. 
The  treatment  of  potassium  isethionate  with  phosphorus  pentachloride 
gives  rise  to  a  heavy  oily  liquid,  with  simultaneous  formation  of  hydro- 
chloric acid  and  phosphorus  oxychloride.  This  oily  liquid,  the  so-called 
chloride  of  chlorethylsulphuric  acid,  C^H^ClSOjCl,  when  mixed  with  water, 
yields  the  corresponding  acid,  chlorethylsulphuric  acid,  C^H^CISO,,  which 
on  digestion  with  an  excess  of  ammonia  at  100*',  produces  taurin :  C,ll. 
ClSOg  -f  2NII,  ss  NH^Cl  +  CjH^NSO,. 

Chomc  Acid,  C^H^O^,  crystallizes  in  tetrahedrons.  It  is  soluble  in  sul- 
phuric acid,  and  on  the  addition  of  a  drop  of  this  acid  and  a  solution  of 
sugar  (1  part  of  sugar  to  4  parts  of  water),  a  purple-violet  color  is  pro- 
duced, which  constitutes  Pettenkofer's  test  for  bile.  At  196°  C.  ^888®  F.), 
it  loses  a  molecule  of  water,  and  is  converted  into  choloidic  acid,  which 
change,  as  already  pointed  out,  is  also  produced  by  ebullition  with  acids. 

ChoUc  acid  is  best  obtained  by  boiling  the  resinous  mass  precipitated  by 
ether  from  the  alcoholic  solution  of  the  bile,  with  a  dilute  solution  of  potash 
for  24  or  86  hours,  till  the  amorphous  potassium-salt  that  has  separated 
begins  to  crystallize.  When  the  dark-colored  soft  mass  is  removed  from 
the  alkaline  liquid,  dissolved  in  water,  and  hydrochloric  acid  added,  a  little 
ether  causes  the  deposition  of  the  cholic  acid  in  crystals. 

The  principal  coloring  matter  of  the  bile  has  been  called  cholepyrrhin. 
When  dry  it  is  reddish-brown  and  uncrystallizable,  insoluble  in  water, 
more  soluble  in  alcohol,  which  becomes  yellow,  and  most  soluble  in  caustic 
alkali.  On  the  addition  of  nitric  aeid  to  the  yellow  alkaline  solution,  a 
change  ensues.  It  passes  through  green,  blue,  violet,  and  red :  after  some 
time,  it  a^ain  turns  yellow,  probably  in  consequence  of  a  gradual  process 
of  oxidation. 

Another  coloring  matter  has  been  called  bUwetdin.  It  is  dark-green, 
amorphous  without  taste  or  smell,  insoluble  in  water,  slightly  soluble  in 
alcohol,  but  soluble  in  ether.  Berzelius  considers  it  to  be  identical  with 
chlorophyl,  the  green  coloring  matter  of  leaves. 

According  to  the  researches  of  Strecker  and  Gundelach,  pigs'  bile  differs 
from  the  bile  of  other  animals.  This  bile  contains  an  acid,  to  which  the 
name  of  glyco-hyoeholic  acid  has  been  given.  It  may  b^  i^tv^^x^"^  vol  >>c^Vk 
following  manner:  fresh  pigs*  bile  is  ttaxed  ^\V^i  ^  ^^^axh^^  ^"l  Vi^vMs^^'^- 
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phate,  Mid  th©  precipiUl«  obteined  is  dissolTed  in  «>>-  ^Tt^*-.,  .i^^ti^^g 
decolorticd  hy  animal  charcoal.     From  this  soIuCiqq  ^^H 

ftodiuni'Salt,  which  on  addition  of  sulphuric  acid  j  i  ^  ,  J^^l^ 

aoid  as  a  r«sinouA  mass,  wMoIl  is  dlssoUed  iu  alcohol  &a«1  re^pr«cipiua 
by  water-  ] 

Glyco-hyochoUc  acid  conUins  C„H^NOj.     When  heal*  -^  tiiii«« 

of  the  Alkalies,  it  undergoes  *  decomposition  perfecflj*  a  i  i  j  ife| 

of  {riycocholio  acid,  splitting  up  into  glycocine  and  a  crj^uinini*  mmi,  ^ 
snlubiv  ia  alcohol,  leea  so  in  etbcr«  which  has  been  termed  %«fMirM 
This  substance  contains  C^^U^qO^;  and  the  change  is  represented  bfiti 
following  equation :  * 

Glyco-h)i»choUc  HyochoUc  Qljcooine.  J 

acid.  acid,  \ 

When  boiled  with  scidSt  glyco^bjocbolic  acid  yields  tikewtse  gljeociol 
but  inslvftd  of  hyocbolic  acid,  a  subi^tance  representing  U»*  dyvljitin  of  til 
cirdioiiry  bile,  which  might  be  termed  hyodysl^nn^  The  composition  d 
hyodyslysiu  is  C^jlI^Oj  =  byocfaolic  acid  minus  il,0. 

rigs'  bite  cotituitja  a  very  trifitug  quantity  of  sulphur,  probably  in  (Jm 
form  of  a  fiulphuretted  acid  correfipondiug  to  taurochulic  acid  of  ox-bdl^ 
Strecker  believea  this  acid  to  contain  C^U^NSO^:  it  might  be  called  ttiutp 
hyochiylic  acid;  when  boiled  with  an  alkali,  it  should  yield  taurin  and  hy# 
cholic  acid.  The  tiulphuretted  acid  must  be  present  in  pigs'  bile  in  »«J 
mitiutc  quantity;  it  is  even  les*  known  than  tnurocholic  aciX 

The  once  celebrated  orimtal  bazaar  tlotttt  are  biliary  calculi,  laid  to  1^ 
procured  from  a  species  of  antelope:  lliey  bave  a  brown  tint,  a  concetttiij 
Blructure,  and  a  waxy  appearunce,  and  consist  essentially  of  a  peeuUll 
nnd  definite  crystallizable  principle  called  Hthofellic  acid.  To  pmcure  tbi 
euhstance,  the  calculi  sre  reduced  to  powder  and  ezhausled  with  boili^ 
ulcohol;  the  dark  solution  is  decolorized  by  animal  charcoal,  and  I^H 
i'vuf morale  by  gentle  bent,  whereupon  the  lithofetUc  acid  ia  depoii|^H 
smtill,  culorlcss.  transparent  eiix-eided  prisms.  It  ia  inE>oluble  in  iflH 
and  sparingly  soluble  in  ether.,  but  dissolves  with  case  in  alcohol:  it  totM 
at  iHfi^C.  (202^  F. ),  and  at  a  higher  temperalure  burns  with  n  nadB 
flanie,  leaving  but  little  charcoal.  Liihofellio  acid  dissolves  tttthout  deeafl 
posilion  in  concentrated  aoeric  aoid  and  in  oil  of  vitriol:  it  forms  a  H»lltl4 
eak  wiih  potash,  and  dissolves  abo  in  nmmonin,  but  cryMallizea  onl  tiM 
changed  on  evaporation.     By  snalysis,  lithofellic  acid  is  found  to  conyll 

of  **jo' V*4- 

The  liver  not  only  forms  bile  which  ia  excreted,  bnt  tt  also  effeets  i  i^ 
markable  change  in  the  blood  that  passes  through  U.  M  tu— ..mttI  iti|l 
covered  that  afler  death,  sugar  could  be  delected  in  the  ti  Cbi 

hepatic  vein,  whilst  no  sugar  was  found  in  blood  from  the  \  n      U 

the  progress  of  his  researches  into  the  origin  of  this  sugar,  he  itmnd  ihd 
a  fflt/eo^mie  ttuhntance  was  formed  in  the  substance  of  the  liver  itself*  sal 
tfaia  he  succeeded  in  extracting  and  isolating  (p.  694).  * 

PksvuTATic  FtriB  is  strongly  alkaline,  and  has  a  specific  grmiriiM| 
about  1(K>8  to  imiK  containing  from  9  1o  11  percent,  of  soli«l  eo4^| 
enis:  among  these  «re  art  albuminous  stibstancc  resembling  plyatioPH 
gcther  witli  leucine,  guanine,  zntithinc,  and  inosite,  and  about  J  perceftf.  ^ 
ash,  chiefly  chlorides  and  phosphates.  ^ 

It  liiiH  tliri»e  di.HtincI  action.*?  —  first  on  starch,  iecondly  on  fat.  and  fhirdlj 
on  iilbiiuimons  mntter.  Starch  is  converted  into  sugar  more  enerjreticalfl 
by  the  fumerealVc  ftm^l  \\\aTL  \i^  W<£  %iAvv^,  Fat  ia  changed  info  fatly  ^em 
and  glycerin  at  n  Iftrnpex^iuT^  qI  ^^*  %  »sA\iQ^«\  i^&«v\aVBs.%»A  ^brin  ail 
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qnickly  disBolTed  ai  the  tame  temperature,  wbiUt  the  alkalescence  dia- 
tinctlj  remains. 

Irtkstixal  Jcick  is  a  colorless,  alkaline  fluid,  containing  from  S  to  4 
per  cent,  of  solid  constituents.  It  is  thought  to  be  capable  of  disBoWing 
fibrinous  substances  only. 

Chtlk. — The  fluid  of  the  lacteal  yessels.  This  is  a  yery  yariable  fluid, 
milky,  and  feebly  alkaline.  Its  fibrin  begins  to  coagulate  when  taken  from 
the  yessels,  in  five  to  tweWe  minutes,  and  is  perfectly  coagulated  in  tiro  to 
four  hours.  The  coagulum  is  much  smaller  and  weaker  than  that  of  the 
blood.  That  of  the  horse,  from  a  yellowish  color  changes  in  the  air  to 
light  red. 

The  albuminous  saline  serum  contains  yery  finely  divided  nolecules.  con- 
sisting of  the  minutest  particles  of  fatty  matter,  which  give  rise  to  the 
milkiness;  also  larger  chyle  globules,  and  colorless  bloo<l  glohul^^.  Thus 
the  chyle  approximates  in  composition  and  properties  to  the  blood. 

In  the  chyle  of  the  horse  there  was  found : 

Water 9100  to    96-00  per  cent. 

Fixed  constituents  .        .        .  9  00  4  00  » 

Nuclei  and  cells                   .        .  Variable. 

Fibrin 0-19  07 

Albumin 1-03  4-S4  " 

Fat 1-89  0  58  " 

Extractive  matter  free  from  salts  7-27  8  34  •* 

Soluble  salU       ....  7-49  6-78  " 

Insoluble                 .        .    about  2-00 

J/ntn  is  the  name  given  to  the  fluid  in  the  lymphatic  r«m*^l:  T-  :« 
colorless,  has  an  alkaline  reaction,  and  coagulates  in  from  foqr  tf,  r**^* 'r 
minutes.  It  closely  resembles  the  blood  without  the  hWxi  f\'»\»n,\**.  I*, 
contains  colorless  globules,  resembling  the  white  globules  of  %'z,*:  '.'.:•  *\ 
It  contains  much  less  albumin  and  fat  than  the  serum  of  the  &>»^.  '.^-.t 
more  water,  and  proportionately  more  extractive  matter. 

Closely  resembling  this  fluid  is  that  poured  oat  by  'erouf  mrsJr.rx::*-'  v-  1 
the  cellular  tissue.  It  has  been  called  emdatirm  jtuvi,  ae'l  c;ftT  ':*■.  ;.  t  . .  ; 
into  fibrinous  and  non-fibrinous.  It  may  be  considered  a^  th«;  ^r.:.-.  ,r  -..\«r 
blood  with  or  without  fibrin,  which  is  £sr  Sftore  eoBimoaly  pre^Lt  *.£^^  z.^^ 
been  supposed. 

Mucus  Airn  Pus. — The  slimy  matter  effused  apon  the  •^.t^\/:*  si  '9xr.:r.% 
mucous  membranes,  as  the  lining  of  the  alimentary  canal,  v\k%x  u*  rr.^  '..^:' 
der,  of  the  nose,  lungs,  &c,  to  which  the  general  name  mu<u4  ;•  jr  t^a.  .« 
so  small  in  quantity,  and  so  yariable  in  consequebce  of  sbj  \TT.'xt.\r,  '.f 
the  membranes,  that  it  is  difficult  to  characterize.  It  al  waT>!  I'.u'^.*.*  v. '.  tk 
or  less  epithelium  and  mucous  cells.  It  contains  a  p^criliar  u»:t»i^*:u  .  ^ 
principle  to  which  the  name  of  sNicui  has  been  given  /p.  K/j;. 

Pu«,  the  natural  secretion  of  a  wounded  or  ot'kervsAe  injur*: i  k-.tt^*.*-  '« 
commonly  a  creamy,  white,  or  yellowish  Tujuid.  whi-^h.  niA^'.r  *:.*-  ::.  -  •  -- 
scope,  appears  to  consist  of  mnltitodet  of  minute  glotMlta  t'Aj.:.j:  ..t  ^ 
serum.     It  is  neither  acid  nor  alkaline. 

The  pus  globules  are  distended  by  very  dilute  ml&eral  an-i  orrar..".  t.^-  - '  - 
imperfectly  dissolved  by  alkalies,  leaving  the  me&b.-arie  of  tr^  f.  *  *--' 
hering  in  a  gelatinous  mass.  This  cell  membrane  is  an  xW^uu,  bo  .•-  '  .'^ 
stance,  soluble  in  very  dilute  acids.  The  pus  serum  KtsuttiiM  c:.%r«r  .r  ■^"- 
albumin,  in  all  respects  identical  with  that  of  the  Ur/f/i  ab«l  u  y^A  ...^^t  *.  -*  '^ 
stance,  /yui  (p.  800J. 

The  quMDUtj  of  nuij  inhftoiiM  ia  rcm»rkab\e  m  yxM^  ^«r^\u'f  *.t'.%«  '^ 
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6  per  cent.     Ab  much  as  1  frer  cenC  of  ebolcsteriii  Itas 
present ;  but  neither  by  this  nor  bjf  sny  other  charsctar  cut  thm^ 
\  iulo  pus  be  deiermiuetL 


HlitK. — The  peculiar  special  secretion  destined  for  the  nmt 
the  young  is*  po  fsr  a*  is  known,  very  much  the  «&tDe  in  flesh 
mals  and  in  those  which  live  excluaively  on  vegeUibte  f(»od, 
tions  of  the  conslituenta  may,  however,  sometixue^  differ  to  a 
extent.  The  specific  gravity  varies  from  1  018  to  1  -045.  It  w 
hereafter  that  the  anbstaneea  present  in  milk  are  wonderfully 
the  office  of  providing  material  for  the  rapid  growth  and  derel 
the  animal  frame.  It  coniaina  an  atotised  matter,  caeciii  or  p 
buminate,  fatty  principles,  and  a  peculiar  sugar,  and  laatly^  vi 
among  which  may  be  mentioned  calcium  phoephatet  held  in  ooi 
tion  iu  a  slightly  alkaline  liquid.  This  last  is  MpecinUy  imp 
process  then  in  a^tirity,  the  formation  of  bone. 

The  white,  and  almost  opaque,  appearance  of  milk  is  an  ofiCl 
examined  by  a  microscope  of  even  moderate  power,  it  Is  seen  to 
a  perfectly  transparent  fluid,  in  which  float  abont  numbers  of  U 
globules:  these  consist  or  fat,  surrounded  by  an  albuminous  en ireli 
can  be  broken  mechanically,  as  in  the  churning,  or  di»^otved  by 
eal  action  of  o»nsiie  potash,  after  which,  on  agitating  the  milk 
the  fftt  can  be  dissolred. 

When  milk  is  suffered  to  remain  at  rest  some  hours  at  the  oi 
perature  of  the  air,  a  large  proportion  of  the  fat-globules  eo] 
surface  into  a  layer  of  erntm;  if  this  be  now  removed  and  expose 
time  to  stroug  Agitation,  the  fAt-gtobules  coalesce  into  a  mass,  ail 
mainiug  watery  liquid  is  expelled  from  between  them  and  sepi^ral 
buKer  so  produced  must  be  thoroughly  washed  with  cold  water,  t( 
OS  far  as  posi^ible,  the  last  traces  of  casein,  which  readily  putH 
^ould  in  that  case  spoil  the  whole,  A  little  salt  is  usually  adde<L 
Ordinary  butter  still,  however,  contains  some  butter-milk,  and 
tended  for  keeping  should  bo  clarijkd,  as  it  is  termed,  by  fn4 
iiratery  part  then  subsides,  and  carries  with  it  the  residue  of  th4 
matter.  The  flavor  is  unfortunately  somewhat  impaired  by  thi4 
Tbe  consistence  of  butter,  in  oiber  words,  (he  proportions  of  soil 
ok'iu,  is  dependent  upon  the  season,  or  more  probably  upon  th^ 
food ;  in  summer  tbe  oily  portion  is  always  more  considerable  Ih4 
ter.  The  volatile  odoriferous  principle  of  butter^  bu/yrin^  has  bed 
referred  to. 

The  casein  of  milk,  in  the  state  of  cheese,  is  in  many  countril 
porlant  article  of  food.  The  milk  is  usually  heated  to  about  49** C 
and  coagulated  by  rertaet^  or  an  infu:»ion  of  the  stomneh  of  ihi 
water:  the  curd  is  carefully  separated  by  a  sieve  from  the  wh< 
witli  a  due  proportion  of  salt,  and  sometimes  some  coloring  n 
thrn  j<ubjccted  to  strong  and  increasing  pressure.  The  fresh 
prepared,  being  constantly  kept  cool  and  dry,  undergoes  a  partii 
of  putrefactive  fermentation,  very  little  understood,  by  which 
are  generated  which  communicate  a  particular  taste  and  odor, 
iicfjs  of  cheese,  as  well  as  much  of  the  difl'erence  of  flavor  perci 
different  samples,  depends  in  great  mensure  upon  the  maDipitlal 
best  kinds  contain  a  considerable  quantity  of  fat,  sud  are  made 
milk:   the  inferior  dcsoriplions  are  made  with  ftkiminiMl  milk 

Some  of  the  Tartar  triht's  prepare  a  kind  of  spirit  from  milk  by 
it  lo  ferment,  with  frequent  itgirution.     The  casein  cnnrertd  a  p«J 
milk-sugar  liilo  lactic  acid,  and  another  part  into  grape-sugar, 
turn  l»e4N»uie«  convert ei\  \tvVo  a\co\\^\.    ^%t^^a  milk  is  said  to  aasiii 
for  thijj  purpose  than  iVifcV  ^l  vVi*  ^i^^. 
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In  a  fresh  sUie,  and  taken  Arom  a  healthy  animal,  milk  is  always  feebly 
alkaline.  When  left  to  itself,  it  very  soon  becomes  acid,  and  is  then  found 
to  contain  lactic  acid,  which  cannot  be  discoyered  in  the  Aresh  milk.  The 
alkalinity  is  dae  to  the  soda  which  holds  the  casein  in  solution.  In  this 
soluble  form  casein  possesses  the  power  of  taking  up  and  retainins  a  very 
considerable  quantity  of  calcium  phosphate.  The  density  of  milk  yaries 
exceedingly:  its  quality  usually  bears  an  inyerse  ratio  to  its  quantity. 
From  an  analysis  of  cow-milk  in  the  fresh  state  by  Haidlen,*  the  following 
statement  of  its  composition  in  1000  parts  has  been  deduced : 

Water 87800 

Butter 8000 

Casein 48-20 

Milk-sugar 4890 

Calcium  phosphate         ....  2*81 

Magnesium     **           ....  0*42 

Iron                " 007 

Potassium  chloride     ....  1  *44 

Sodium            « 0-24 

Soda  in  combination  with  casein  0-42 


1000-00 


Human  milk  is  remarkable  for  the  difficulty  with  which  it  coagulates:  it 
generally  contains  a  larger  proportion  of  sugar  than  cow-milk,  but  scarcely 
differs  in  other  respects. 

•  Aonalen  der  Chemie  iind  Pharmade,  ziT.  263. 


ON  THE  AKIMAL  TEXTURES, 
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Niiivot79  SuBSTANCS, — The  brmin  and  nerres  contain  prot»foa  (p»  I 
cholcsterin^  and  albuminous  m&tter.     In  the  watery  estraci  are  foi^i.| 
Arin,  uri<;  acid^  xanthiueT  saroine.,  inoeit^f  lactic  acid :  in  the  a«h,  i 
find  phoiiphorio  sallH,  et^pecially  potassium  salta,   a  Utile  aotiiaBi 
ciilciuin  and  magncfiiuiEi.     The  substance  yields  from  75  to  80  per  i 
wateri  and  3  tu  4  of  ash. 

Contractile  Substance,  — This,  like  nerre  substance,  confists  of  ma 
diflferent  compounds.     It  cautains  74  to  80  per  cent,  water*  and  f*>  to  j 
Bolid   constituetita.     The   moat  remitrkable    of  theae   is   syntonio*  Liehi|| 
fibrin  of  floesti  (soe  pt  795).     Casein,  atbnniin*  oreattn,  hjpoxanthtne, 
acid,  and  fat  are  also  present.     The  solid  constituents  contain  4  to  6  | 
cent,  of  ash.     Potash,  soda,  lime,   magDesia,  sulphuric,  phosphoric, 
hydrochloric  acids  ate  present. 

Elastic  TisstJB  ;  Sictn.  —  The  tendons  and  skin  consist  also  of  many  < 
ferent  subalAncGfl.     Of  these  elastin  (see  p  80l!)  is  one  of  the  nioet  reo 
able.     A  cellular  tissue,  which  yields  gelatin  when  long  boiled*  ia  ano 
oonstituont.      These   two  principlos  combine  with   lannie   mm^g 
leather. 

The  principle  of  tanning,  of  auch  great  practical  value,  is  easily  ( 
plained.  When  the  akiu  of  an  anitcial,  carefully  deprived  of  hair  fat, 
other  impurities,  lh  immersed  in  a  dilute  soluliou  of  tannic  acid,  the  eelli 
lar  and  etikstic  tissues  gradyftlly  combine  with  that  substance  as  it  _ 
tratcs  inwards,  forming  a  perfectly  insoluble  compoujid^  which  resisla  [ 
trefaotioD  completely:  this  is  leather.  In  practice,  lime-water  is  used  fof 
cleansing  and  preparing  the  akin,  and  an  infusion  of  oak-bark,  or  some- 
times catechu,  or  other  astringent  matter^  aa  the  source  of  tannic  aeiil 
The  process  itself  is  necessarily  a  slow  one.  as  dilute  sotuliona  only  can  be 
safely  used.  Of  late  years*  liowcver,  various  contrivances,  some  of  wl»i<| 
sbaiv  great  ingenuity,  have  been  adopt <*d,  w^ilh  more  or  less  success, 
quicketiing  Ihe  operation.  All  leather  is  not  tanned:  glove  leather! 
dressed  with  atuni  and  common  salt,  nnd  sflerwards  treated  with  a 
ration  of  tlie  yolks  of  eggs,  which  contain  an  albuuiinous  matter 
yellow  oiL  Leather  of  this  kind  still  yields  a  size  by  the  atition  of  boi) 
water. 

Bones.  —  At  the  age  of  21  years  the  weight  of  Ihe  skeleton  la  to  Ib^ 
of  the  whMi*  body  as  10  5  to  UK)  in  man,  and  as  8  5  to  100  in  woman,  tk 
weight  of  the  body  being  about  lliri  or  VM)  Ihs.  Pones  are  constructed  i 
organic  matter  called  ojtsnu^  which  yields  gelalin  on  boiling,  and  is 
stiff  by  insoluble  earthy  tta Its,  of  which  calcium  phosphate,  (IH>|)/-WV^ 
the  most  abundant.  The  proportions  of  earthy  and  animal  matter 
very  much  with  ihe  \uni\  ot  "^^u^  a^wi  utith  the  age  of  the  uidividualt  ••' 
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will  be  seen  in  the  following  table,  in  which  the  corresponding  bones  of  an 
adult  and  of  a  still-bom  child  are  compared : 

ADuit.  Chua. 


Inorganie 
matter. 

Organto 
matter. 

Inorganic 
matter. 

Organic 
matter. 

Femur 

Humerus    . 

Radius 

Os  temporum    , 

Costa.      .      . 

62-49 
.      63.02 
60-51 
68-50 
57-49 

8761 
86-98 
89-49 
8650 
42-51 

57-51 
58-08 
56-50 
55-90 
58-75 

42-49 
41-92 
48-60 
4410 
46-25 

The  bones  of  the  adult  are  constantly  richer  in  earthy  salts  than  those  of 
the  infknt. 

The  following  complete  comparatiTe  analysis  of  human  and  ox  bones  is 
doe  to  Bersetins: 


Animal  matter  soluble  by  boiling   . 
Vascular  substanoe    . 
Calcium  phosphate,  with  a  little  \ 
calcium  fluoride  •     j 

Caloium  carbonate 
Magnesium  phosphate    . 
Bo&,  and  a  little  oommon  salt    • 


omanbonei. 

Oxbonei 

82-171 
M8| 

88-80 

58-04 

67-85 

11-80 
116 
1-20 

886 
2-06 
8-46 

100-00 


100-00 


The  teeth  haTO  a  Tery  simiUr  comnoeition,  but  contain  less  organic  mat- 
ter: their  texture  is  much  more  solid  and  compact.  The  eoamel  does  not 
contain  more  than  2  or  8  per  cent  of  animal  matter,  whilst  81  to  88  per 
cent,  of  caldum  phosphate  with  7  or  8  per  cent,  of  carbonate  are  present ; 
and  more  calcium  fluoride  than  in  the  bones. 


ON  CHEMICAL  FTyCTlOXS  IN  ANIMALS. 
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RuPiY^Tiox*  —  The  siiBpleBi  Tiew  thmi  emu  he  taken  of  m 
orgMH  in  &ii  Air-breathing  aniniiil,  i»  that  of  a  little  membraaoiw 
F«i«d  with  moisture,  acid  eonUiBing  air,  gver  the  surface  of  w 

der  minute  blood *Te»»eIs,  whoae  conlenUt  durio|^  the  rannagt 
Rubjected  to  the  obemical  acttoo  of  the  air,  through  the  aubstajiee  of 
membranes,  and  in  Tirtue  of  the  eolubilitj  of  the  gateous  inatter  itself 
ihe  water  with  which  the  membranes  are  imbued.      In  sonae  of  the  k^ 
claases  of  animab,  where  reepiration  is  sluggish  and  inactiTe,  th* 
cells  are  few  and  larger;  but  is  the  higher  kinds  the^  are  ml 
greatlj  multiplied  in  number.  In  order  to  gain  extent  of  ourfaee, 
muoicating  with  the  external  air  by  the  windpipe  and  ita  rami" 

Eeapiration  is  performed  bj  the  agenojr  of  the  museles  which  lit 
and  about  the  ribs,  luid  bj  the  diaphragm.     In  an  ordinary  rtepiratioD, 
from  22  to  43  cubic  iucbes  of  air  are  thrown  out.     It  has  been  said  that 
little  OS  3  and  as  much  as  100  cubic  inches  have  been  expired.    By  a 
^^        eff'ort,  ordinarily  from  oO  to  60  cubic  inches  are  expelled,  and  after  a 
^ft       inspiration  possibly  from  100  to  300  ouhio  inches  may  be  expired.    & 
^P       tboQ  the  lungs  are  not  emptied  of  air.     The  residual  quantity  may  be 
maied  at  from  40  to  2G0  cubic  inches.     After  an  ordinary  expiration  a 
ther  quaniily  of  air,  amounting   to  from  77  to   170  cubic  inchea,  may 
expired,  and  after  an  ordinary  inspiration,  by  the  deepest  sigh,  tram 
to  2rK)  more  cubic  inches  may  be  drawn  into  the  lungs.      Usually  abooA 
respirattuns  ore  made  in  a  minute :  the  number,  hovreTer,  even  in  hi 
TaritfS  from  1}  to  20. 

The  expired  air  is  found  lo  hare  undergone  a  remarkable  ehaiigie:  it  is 
loadod  with  aqueous  vapor,  while  a  very  Urge  prop oirt ion  of  oxygen  hat 
di.«)Mppetfcred.  and  its  pluce  been  supplied  by  carbon  dioxide*  air  oMi 
br«4ihe(l  containing  enough  of  that  gas  to  extinguish  a  taperr  The  qoaiir 
tity  of  lUie  gas  is  very  liable  to  variation;  Ui^ually  from  iS'3  to  6*2  per 
cent,  of  carbon  dioxirlo  is  found  to  be  present;  when  the  respirations  art 
few,  the  carbon  dioiide  is  greatest,  when  manj,  leaet:  thus  wilh  0  reepi- 
ratloTis  per  minute,  5  tj  per  cent,  has  been  found:  with  48  reapiraiion^ 
2  0  per  cent.  A  full  meal,  coM  weather,  and  increased  barometric  pr«f' 
flure,  increase  I  lie  carbon  dioxide.  Heatj  alcohol,  lea,  and  diminished  pre** 
Hiire,  loMi^en  the  carbon  dioxide ;  age  and  sex  produce  definite  effects.  It 
appears  mu»t  probuble  that  nitrogen  in  small  quantities  is  exhaled. 

Whatever  mny  be  the  difSciilttes  attending  the  inTestifation  of  these  rob* 
ject^, — and  UiftlciiltieM  there  are,  as  the  discrepant  results  of  the  expert* 

Inientw  prove,  —  nno  tbitig  is  ofearr  nam**ly,  that  quantities  of  hydrogoa 
nnd  carbon  are  daily  oxidised  tn  (he  body  by  the  free  oxygen  of  the  atmos- 
phere, fltid  their  products  expelled  from  the  system  in  the  shape  of  waltf 
and  carbon  dioxide.  Now,  it  it  be  true  that  the  heat  developed  in  I hu  set 
of  cuiitbi nation  is  a  constant  Qiianlity,  and  no  proposition  appears  mors 
rea»onuMe,  pnti  or  n.\\  ^i  \U(i  U\%U  temperature  of  the  body  must  be  tlia 
result  of  iUis  cxvTivou  tit  ^aWmv^s^Wov^^. 
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The  oxidation  of  oorabustiblo  nmtt(^r  in  Uie  blood  is  effected  in  the  capil- 
larie^  of  the  whole  boily,  not  in  the  lunjp^B,  the  tDmp(?ratiire  of  which  scarcely 
exceeds  that  of  the  other  parts.  The  oxygen  of  the  air  ia  t^ken  up  in  the 
luogs,  and  carried  by  ihc  blood  to  the  distant  capillary  vcsiiels;  by  the  aid 
of  which,  secretionK,  and  all  the  mysterious  functiana  of  animal  life,  are 
undoubtedly  performed;  here  the  comftujftion  takes  place, although  how  iIilh 
happens,  and  wUat  the  exact  nature  of  the  comhustlble  may  h«r,  beyond  the 
■implti  fact  of  its  cofitaining:  carbon  and  hydrogen,  yet  remains  a  matter 
of  conjecture.  The  carbon  dioxide  produced  is  held  in  solution  by  (he  now 
Tenoua  bl(H»d,  and  probably  confers,  in  great  measure,  upon  the  latter  its 
dark  color  and  deleterious  action  upon  the  nervous  system.  Once  nmre 
poured  into  tlic  hearty  and  by  that  organ  driven  into  the  second  set  of  eapil- 
laries  bathed  with  atmoapherio  air,  this  carbon  dioxide  is  conveyed  out- 
ward8«  through  the  wet  membrane,  by  n  kind  of /a/w  diffution^  constantly 
oboerred  under  such  circumstances :  while  at  tho  same  lime  oxygen  is,  by 
■unilar  means,  carried  inwards,  and  the  blood  resumes  its  bright- red  color, 
wad  its  capability  of  supporting  life  Much  of  thii^  oxygen  is,  no  doubt, 
simply  dissolved  in  the  serum.  The  btrmoglobin  of  (he  corpuscles,  bccotn- 
iBg  oxyhiemoglohin  in  the  arteries,  acts  as  a  carrier  of  another  portion 
(p*  7i>8).  MuMer  considers  the  fibrin  to  act  in  the  same  manner,  being 
true  fibrin  in  the  veins,  and,  in  part  at  K>asl,  oxidized  in  the  arteries. 

It  would  be  very  desirable  to  show,  if  possible,  that  the  quantity  of  com- 
bustible matter  daily  burned  in  tbe  body  is  adequate  to  the  production  of 
the  heating  «ff^eets  observed.  Something  has  been  done  with  respect  to 
the  OArbon.  Comparison  of  the  quantiticH  and  oompuaition  of  the  food  eoii- 
aiinud  by  an  individual  in  a  given  lime,  and  of  tlte  exeretions,  shows  an 
exccBS  of  carbon  in  the  former  over  tbe  latter,  amounting,  in  pome  cases, 
ftooording  to  Ltchig's  high  estimate,*  to  t-1  ounces:  the  whole  of  which  ii 
thrown  off  in  the  state  of  carbon  dioxide^  from  the  lungs  and  skin,  in  the 
apace  of  twenty-four  hours.  This  statement  applies  to  the  case  of  healthy, 
rigorous  men,  much  employed  in  the  open  air,  and  supplied  with  abundinco 
of  nutritious  food.  Femules,  and  persona  of  weaker  habits,  who  follow  In-* 
door  pursuits  in  warm  rooiii^,  consume  a  much  smaller  quantity :  their  res- 
piration is  less  energetic,  and  the  heat  geueruteil  less  in  amount.  Those 
who  inhabit  very  oohl  countries  are  well  known  lo  consume  enormous  quan- 
tities of  food  of  a  fatty  naiiire^  the  carbon  and  hydrop-n  of  vibieh  are, 
wiiliout  dnubt,  chiefly  employed  in  Ihc  production  of  aniumi  heal.  These 
people  live  by  hunting:  thi^  muscnlar  exertion  required  quickens  and 
deopens  the  breathing;  while,  from  the  Increased  density  f^f  the  air,  a 
greater  weight  of  oxygen  is  taken  into  the  lungs,  and  absorbed  into  lh« 
blood  at  each  inspiration.  In  this  manner  the  temperature  of  the  body  la 
kept  up,  notwithstanding  the  piercing  external  cold  :  a  most  marvellous 
adjustment  of  the  nature  of  the  foofl,  and  even  of  the  inclinations  and  ap- 
petite oflho  man,  to  (he  circumstances  of  his  existence,  enable  him  to  bear 
with  impunity  an  atmospheric  temperature  which  would  otherwise  injure 
htm. 

The  carbon  consumed  in  respiration  in  one  day,  by  a  horse  moderately 
fed,  amounted,  in  a  valuriHle  experiment  of  M.  Boussingault.f  to  79  otinoet; 
that  consumed  by  a  cow  to  71  ounces.  The  determinniion  was  made  in  the 
manner  just  mentioned,  vii,,  by  comparing  the  quantity  and  compoflition 
of  the  food. 

New  and  very  important  experiments  on  respimtloiB  btTe  been  made  in 
Munich  by  Drs.  Pettenkofer  and  Voit. 

The  apparatus  was  large  enough  to  allow  a  n^an  *o  breathe  and  move  as 
gill  an  ordinary  dwelling-room  for  twenty -four  hours  at  least.     The  air 
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could  be  cbftngfsd  to  f he  exieni  of  from  HfUGik  to  Mveoty-firv  im\»9 

an  hour:  the  cbcDiical  dilferetice  between  the  air  that  weal  in  ftftd 
which  came  out  wn*  deierminod. 

The  King  of  B*Taria  gave  about  $3000  for  the  eonstntetion  of  the  m{ 
ratuSf  and  it  acted  eo  well  that  the  quaiiiity  of  carbon  and  of  hjrdfOftt 
a  Biearin  candle  burnt  in  the  apparatus  could  be  determined 
by  the  quantity  of  carbon  dioxide  and  water  produced  an  by  aa 
atial)!«i0. 

A  dog  nnd  a  man  were  experimented  on.  In  Ibe  dog;  tbe  amonat  of  car- 
bon dioxide  expired  was  least  after  ten  days  of  hunger ;  when  a  f^ill  di*t 
of  flesh  and  fat  wa«  taken,  three  times  nn  much  oarbon  dioxitte  wa«  pro- 
duced. The  urea  was  increoecd  twenty- two  times  ae  much  a^  during  f4ar 
tation. 

In  mnn  not  quite  one-third  more  carbon  dioxide  was  produced  wbca 
diet  was  taken  lh«n  was  found  during  fltarration. 

From  the  amount  of  carbon  dioxide  unvl  urea  formed  when  animal  fi 
u1onc  waa  laken,  tt  appears  that  ^ome  fatty  matter  mutl  be  jiroduoed 
retained  in  ihe  system. 

Starch  and  sugar  dietdo  not  appear  to  cause  a  depoaii  of  fat  4ireetl 
though  I  hey  may  do  ino  indirectly. 

Careful  determination  of  the  amount  nnd  oomposilioa  of  tb«   feed  aail 
oxygen  consumed  led  lo  the  belief  that   hydrogen   and   light  earburoili 
hydrogen  (CH^)  were  giTfon  ofl'  in  rei^ptraliau.     This  is  fully  cunfi 
thci^c  experiment E(.     It  folio W6  from  this  important  fact,  fir»t,  ibat 
bun   dioxide  produced  cannot  be  looked  on  an  the  measure  of  th# 
of  oxygen  taken   from  the  air.  and  secondly,  that  hydrogen  cannoi 
fiumcd  to  be  oxidiied  in  the  body  in  preference  lo  carbon. 

In  a  paper  road  to  the  Academy  of  Sciences  at  Munich,  Not  ember,  l§iM, 
the  authors  give  tbijir  latest  results.  They  find  that  the  proportion  of 
bon  dioxide  exhaled  to  oxygen  inhaled  is  uiuch  greater  in  lh««  day  than 
the  night;  with  perfect  resit  day  and  night,  nearly  twice  aa  much  i 
active  motion  dut-ing  the  duy.  nearly  three  timea  as  much.  The 
of  oxygen  taken  in  during  real  fay  day  is  only  half  as  much  as  is 
in  at  night,  and  after  active  motion  the  Amount  of  oxygen  taken  in 
night  is  f^till  more>  In  dinbeles  the  proportion  of  cartMiu  dioxide  exbAli 
by  day  to  the  oxygen  inhaled  is  less  than  in  health  ;  at  night  the  aai( 
of  oxygen  inhaled  may  be  less  than  half  the  amount  that  would  be  ia! 
in  heallb.  When  one-thir*l  of  the  blood  consisted  of  white  globulea,  t 
proportion  of  ciirhon  dioxide  exhaled  to  oxygen  inhaled  by  day  was  ititielii 
less  than  in  health,  and  the  amount  of  oxygen  taken  in  at  nighl  was  even 
less  than  is  taken  in  during  the  day. 
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Digestion  anl>  NuTRTTtON. —  The  various  substAnce?  of  which  the  f* 
of  man  is  composed  mujjt  become  finely  divided  in  order  to  admit  of  tb 
passage  into  the  blood.  In  the  process  of  fine  division  or  solution  dtftcri 
substances  undergo  different  changes  in  the  alimentary  conaL  Wc  lea) 
nothing  by  saying  that  the  fotid  is  converted  into  chyme,  and  the  rhyme 
changed  into  chylit ;  but  each  aninml  and  vegetable  j^uttstauce  muM  be  ron- 
sidered  seprtrately,  as  regards  the  chiinges  it  undergoes  when  exposed  to 
the  action  of  the  different  fluids  which  constitute  the  oaliTa,  gastric  julc«, 
bile,  pancreatic  juice,  and  intestinal  fluid. 

Shortly,  ii  may  be  ntaled  that  mineral  subetanceSf  when  expoeed  lo  ihttt$ 
reagents,  are  hut  little  cbnnged. 

Hydrales  of  carbon,  as  ceihi]o»*e,  gum,  starch,  sugar*  are  each  acted  oi 
difterendy  t»y  tlilTereni  secn^liouh,  thuM  cclluliihc  aiid  gum  arc  prubahl^ 
not  chauged.  8Urcb>  b>'  Vkc  i^^iiMu  of  the  i^aliva  and  pancreaiic  Huid.  he* 
oomes  dextrin  and  g,Wcti<*e.    Ctiti*-%>x^x  \%  cV^u^^iAVN'j  ^^*<.vvc  iuice  and 
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hefti  imto  gjLucose,  ftmd  ftU  tugMH  are  ultimately  ehanged  bj  the  intestinal 
flaid  and  heat  into  acids. 

Fat  is  unchanged  by  the  saliva  and  gastric  juice ;  but  the  bile,  the  pan- 
creatic and  intestinal  fluid,  change  the  fat  into  a  finely  divided  emulsion, 
but  effect  no  perfect  solution. 

Albuminous  substances,  as  albumin,  fibrin,  casein,  globulin,  undergo 
subdivision  and  solution  chiefly  in  the  stomach.  Each  of  these  substances 
is  chemically  changed  in  the  process  of  solution  by  the  gastric  juice  (p.  797) 
into  corresponding  peptones.  The  rate  of  change  and  of  solution  depends 
on  the  mechanical  subdivision  as  well  as  on  the  chemical  properties  of  the 
different  substances  acted  on. 

Gelatinous  substances  are  changed  chemically  by  the  gastric  juice,  and 
thereby  lose  the  property  of  gelatinizing  when  cold.  But  this  change  is 
not  requisite  to  their  solution,  which  occurs  so  readily  that  these  sub- 
stances can  often  be  taken  as  food  when  albuminous  substances  would  re- 
main in  the  stomach  undissolved. 

The  constant  and  unceasing  waste  of  the  animal  body  in  the  process  of 
respiration,  and  in  the  various  secondary  changes  therewith  connected, 
necessitates  an  equally  constant  repaii*  and  renewal  of  the  whole  frame  by 
the  deposition  or  organization  of  matter  from  the  blood,  which  is  thus 
gradually  impoverished.  To  supply  this  deficiency  of  solid  material  in  the 
circulating  fluid  is  the  office  of  the  food.  The  striking  contrast  which  at 
first  appears  in  the  nature  of  the  food  of  the  two  great  classes  of  animals, 
the  vegetable  feeders  and  the  carnivorous  races,  diminishes  greatly  on 
close  examination:  it  will  be  seen  that,  so  far  as  the  materials  of  blood,  or, 
in  other  words,  those  devoted  to  the  repair  and  sustenance  of  the  body  it- 
self, are  concerned,  the  process  is  the  same.  In  a  flesh-eating  animal  great 
simplicity  is  observed  in  the  construction  of  the  digestive  organs;  the 
stomach  is  a  mere  enlargement  of  the  short  and  simple  alimentary  canal ; 
and  the  reason  is  plain :  the  food  of  the  creature,  flesh,  is  abHolutely  iden- 
tical in  composition  with  its  own  blood,  and  with  the  body  that  blood  is 
destined  to  nourish.  In  the  stomach  it  undergoes  mere  solution,  being 
brought  into  a  state  fitted  for  absorption  by  the  lacteal  vessels,  by  which 
it  is  nearly  all  taken  up,  and  at  once  conveyed  into  the  binod  :  the  excre- 
ments of  such  animals  are  little  more  than  the  comminuted  bones,  feathers, 
hair,  and  other  matters  which  refuse  to  dissolve  in  the  stomach.  The  snnio 
condition,  that  the  food  employed  for  nourishment  of  the  body  must  have 
the  same,  or  nearly  the  same,  chemical  composition  as  the  body  itself,  is 
really  fulfilled  in  the  case  of  animals  that  live  exclusively  on  vegetable 
substances.  It  has  been  shown*  that  certain  of  the  azntized  principles  of 
plants,  which  often  abound,  and  are  never  altogether  absent,  have  a  chem- 
ical composition  and  assemblage  of  properties  which  assimilate  them  in 
the  closest  manner,  and  it  is  believed  even  i<lentify  them,  with  the  azotizod 
principles  of  the  animal  body :  vegetable  albumin,  fibrin,  and  casein  are 
scarcely  to  be  distinguished  from  the  bodies  of  the  same  name  extracted 
from  blood  and  milk. 

If  a  portion  of  wheaten  flour  be  made  info  a  pa8te  with  water,  and  cau- 
tiously washed  on  a  fine  metallic  sieve,  or  in  a  cloth,  a  grayish,  adhesive, 
elastic,  insoluble  substance  will  be  left,  called  gluten  or  gtutin,  and  a  milky 
liquid  will  pass  through,  which  by  a  few  hours*  rest  becomes  clear  by  de- 
positing a  quantity  of  starch.  If  now  this  liquid  be  boiled,  it  l>ecomo» 
again  turbid  from  the  production  of  a  flocculent  precipitate,  which,  when 
collected,  washed,  dried,  and  purified  from  fat  by  boiling  with  ether,  is 
found  to  have  the  same  composition  as  animal  alfnimin.  The  glutin  itself 
is  a  mixture  of  true  vegetable  fibrin,  and  a  xiiiall  quantity  of  u  veniliKr 
azotized  matter  called  ffliadiny  to  which  Uft  a*V\\*!*\Nt  ^y^y^xV.\v^  ^'^^^  ^^^'^'''' 
•  Liebiy,  Ann.  Ch.  Pharm.  xxx\x.  V!fA. 


11  coaguniii'8  wiieii  iiuuii'i 
concentration,  and  cannot 
white  of  egg  in  a  divided 

Almonds,  peas,  beans,  a 
Ti'hich  bears  the  most  strik. 
solution  of  this  substance  L 
on  the  surface,  just  as  with 
by  acetic  acid,  the  last  bein 
mixed  with  a  little  sugar — 
and  left  to  itself,  soon  becon 
smell :  it  is  then  found  to  co 

All  these  substances  dissc 
small  quantity  of  alkaline  si 
cess  of  acid  gives  precipitatei 

The  following  is  the  compoi 
fibrin :  it  will  be  seen  that  the 
given : 

Carbon  . 

Hydrogen   . 

Nitrogen 

Oxygen,  sulphur,  and  ] 


The  composition  of  vegetabl 
made  out :  so  much  discrepancy 
supposition  that  different  subMi 

The  great  bulk,  however,  of  < 
vora  consists  of  bodies  which  d 
not  yield  sustenance  in  the  man 
fibre  or  lignin,  and  waxy  matt 
canal;  others,  as  starch,  sugar 
sorbed  into  the  system,  and  afl 
posed  to  contribute  very  largeh 

On  these  princinl**"   *  ' 
what  '"*  * 


DIOXSTIOK  AND   NUTRITION.  825 

When  ihh  iniueiiUr  morements  of  %  httAfhj  animal  are  restrained,  a 
l^enial  temperatnre  kept  np,  and  an  ample  sopply  of  food  containing  much 
ara/laceeoB  or  oily  matter  given,  an  accumulation  of  fat  in  the  system  rap- 
idly takes  place :  this  is  well  seen  in  the  case  of  stall-fed  cattle.  On  the 
other  hand,  when  food  is  deficient,  and  much  exercise  is  taken,  emaciation 
results.  These  elFeets  are  ascribed  to  differences  in  the  activity  of  the 
respiratory  fhnotion :  in  the  first  instance,  the  heat-food  is  supplied  faster 
than  it  is  consumed,  and  hence  accumulates  in  the  form  of  fat ;  in  the 
second,  the  oonditions  are  reversed,  and  the  creature  is  kept  in  a  state  of 
leanness  by  its  rapid  consumption.  The  fat  of  an  animal  appears  to  be  a 
provision  of  Nature  for  the  maintenance  of  life  during  a  certain  period 
under  oircumstances  of  privation. 

The  origin  of  fat  in  the  animal  body  was  at  one  time  the  subject  of  much 
discussion.  On  the  one  hand  it  was  contended  that  satisfactory  evidence 
exists  of  the  conversion  of  starch  and  saccharine  substances  into  fat,  by 
separation  of  carbon  and  oxygen,  the  change  somewhat^resembling  that 
of  vinous  fBrmentation ;  it  was  argued  on  the  other  side,  that  oily  or  fatty 
matter  is  invariably  present  in  the  food  supplied  to  the  domestic  animals, 
and  that  this  fat  is  merely  absorbed  and  deposited  in  the  body  in  a  slightly 
modified  state.  The  question  has  been  decided  in  favor  of  the  first  of  these 
views,  which  was  enunciated  by  Lieblg,  by  the  very  chemist  who  formerly 
advocated  the  second  opinion.  By  a  series  of  very  beautiful  experiments, 
MM.  Dumas  and  Milne  Edwards  proved  that  bees  exclusively  feeding  upon 
sugar  were  still  capable  of  producing  wax,  which  is  known  to  be  a  veri- 
table fat. 

The  food  of  animals,  or  rather  that  portion  of  the  food  which  is  destined 
to  the  repair  and  renewal  of  the  frame  itself,  is  thus  seen  to  consist  of  sub- 
stances identical  in  composition  with  the  body  it  is  to  nourish,  or  requir- 
ing but  little  chemical  change  to  become  so. 

The  chemical  phenomena  observed  in  the  animal  system  resemble  so 
far  those  produced  out  of  the  body  by  artificial  means,  that  they  are  all,  or 
nearly  all,  so  far  as  is  known,  changes  in  a  descending  series.  Albumin 
and  fibrin  are  probably  more  complex  compounds  than  gelatin  or  the  mem- 
brane which  furnishes  it:  this,  in  turn,  has  a  far  greater  complexity  of 
constitution  than  urea,  which  contains  most  of  the  axotised  matter  that  is 
rejected  from  the  body.  The  animal  lives  by  the  assimilation  into  its  own 
substance  of  the  most  complex  and  elaborate  products  of  the  organic  king- 
dom ;  —  products  which  are,  and,  apparently,  can  only  be,  formed  under 
the  influence  of  vegetable  life. 

The  existence  of  the  plant  is  maintained  in  a  manner  strikingly  disflimi- 
lar: — the  food  supplied  to  vegetables  is  wholly  inorganic;  the  carbon  di- 
oxide and  nitrogen  of  the  atmosphere ;  the  water  which  falls  as  rain,  or  is 
deposited  as  dew;  the  minute  traces  of  ammoniacal  vapor  present  in  the 
air;  the  alkali  and  saline  matter  extracted  from  the  soil; — such  are  the 
substances  which  yield  to  plants  the  elements  of  their  growth.  That  grocn 
healthy  vegetables  do  possess,  under  circumstances  to  be  mentioned  iiiiinf!- 
diately,  the  property  of  decomposing  carbon  dioxide  absorbed  by  their 
leaves  from  the  air,  or  conveyed  thither  in  solution  through  the  rrifMliiirn 
of  their  roots,  is  a  fact  positively  proved  by  direct  experiment,  and  ren- 
dered certain  by  considerations  of  a  very  stringent  kind.  To  effi-ct  this 
very  remarkable  decomposition,  the  influence  of  light  is  indispensable;  the 
diff'used  light  of  day  suffices  in  some  degree,  but  the  direct  rays  of  the  sun 
greatly  exalt  the  activity  of  the  process.  The  carbon  separated  in  this 
manner  is  retained  in  the  plant  in  union  with  the  elements  of  water,  with 
which  nitrogen  is  also  sometimes  associated,  wU\\e  VVi^  tt'Lj^^xw'x'^  n\v\v^h4>x 
off  into  the  air  from  the  leaves  in  a  pure  and  ^a«eo\xa  ^otk^YWAVjii. 

The  effect  of  ammoniacal  salts  upon  the  groviVYi  ^t  v^eiiX^v.^  vk  ^v*  ^^^s^».^>|-- 
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able  an  to  lea?©  little  room  for  doubt  eonceminj^  the  pecnliar  fn 
tlie  amnaoiiia  discovered  in  the  air.  Plauts  which  in  their  caltiTat^  itaU 
cotitain,  and  consequently  require,  a  larger  supply  of  nitrof^eD,  aa  wkcsl, 
and  the  cereals  iu  general,  are  found  to  be  gremtljr  benefited  by  tha  apfll' 
cation  to  the  land  of  «uch  gubstances  as  putrefied  urine^  which  maj^' 
looked  upon  as  a  solution  of  amnaoniuni  carbonate,  or  of  ^uana^  whi 

the  partia^liy  decomposed  dung  of  birds,  found  in  imoaeDae  quanliti    

aome  of  the  barren  ialets  of  the  western  coaat  of  South  America,  aa  tilt 
of  Peru.  More  recently,  similar  depoalta  hare  been  found  on  the  coaat  of 
Southern  Africa.  The  guano  now  imported  into  Bogland  from  theae  locaH- 
lies  is  usually  a  soft,  brown  powder,  of  Tarious  ahadea  of  color.  Wlut« 
specks  of  bone-earth,  and  sometimes  masaas  of  aalina  matter,  may  he  fauad 
in  it.  Thai  which  is  most  recent,  and  probably  most  raluabla  a«  naaara, 
often  contains  undecompoaed  uric  acid,  beaidea  much  ammonium  oxalalt 
or  chloride,  alkalina  phosphates,  and  other  salts :  it  haa  a  most  affenfite 
odor.  The  spe^mena  taken  from  older  deposilB  have  but  little  amell,  ttt 
darker  in  color,  contain  no  uric  acid,  and  much  less  ammoniaca!  sail:  the 
chief  components  are  bone-earth,  a  peculiar  dark-colored  organic  matter, 
and  soluble  inorganic  aalia.     (Sec  also  p.  724). 

Upon  the  members  of  the  vegetable  kingdom  thus  deTolvea  the  duly  of 
building  up,  as  it  were,  out  of  the  inorganic  constituenta  of  iha  ataoa- 
phere,  —  the  carbon  dioxide,  the  water,  and  the  ammonia,  —  the  nanaraai 
coiupltcated  organic  principles  of  the  perfect  plant,  many  of  which  art 
afterwards  destined  to  become  the  food  of  animals,  and  of  man.  The  ofaem- 
istry  of  vegetable  life  is  essentially  a  process  of  reduction  caused  by  the 
action  of  light,  but  the  mode  in  which  this  is  effected  is  at  present  by  ao 
means  made  out.  One  thing,  however,  is  manifest,  namely,  the  woaderAd 
rdniions  between  the  two  orders  of  organised  beings,  in  virtue  of  which 
the  rejected  and  refuse  mntter  of  the  one  is  made  to  constitute  the  essea* 
tiiil  and  indi.speusable  food  of  the  other«  While  the  animal  lives,  it  exhales 
incessantly  from  itj«  lungs,  and  often  from  its  skin,  carbon  dioxide;  wbea 
it  dies,  the  soft  parts  of  the  body  undergo  a  aeries  of  chemical  changes  of 
dfyradatum,  which  terminate  in  the  production  of  carbon  dioxide,  water, 
ammonium  carbonate,  and,  perhaps,  other  producta  in  small  quantity. 
Those  arc  taken  up  by  a  fresh  generation  of  planta,  which  may  in  Iheir 
turn  serve  for  food  to  another  race  of  aiumals. 
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TBB  DK0BXK8    OF    BAUSnc'S    RTDBOMKTXB   WITH    THB  BEAL 
SPBCiriC   GBAVITIXS. 


1.  Fw  LiqmdM  heavUr  than  Water, 

DdgnMW. 

OntTity. 

Degree!. 

Specific 
Qnritj. 

Degreee. 

8|MH-iAc 
Gnarit/. 

0 

1-000 

26 

1-206 

52 

1-520 

1 

1007 

27 

1-216 

68 

1-535 

2 

1013 

28 

1-225 

54 

1-551 

8 

1020 

29 

1-235 

55 

3-567 

4 

1027 

80 

1-245 

56 

1-683 

6 

1084 

81 

1-256 

57 

1-600 

6 

1041 

82 

1-267 

58 

1-617 

7 

1*048 

83 

1-277 

59 

1-634 

8 

1-066 

84 

1-288 

60 

1-652 

9 

1.063 

35 

1-299 

61 

1-670 

10 

1-070 

86 

1-310 

62 

1-689 

11 

1078 

87 

1-821 

63 

1-708 

12 

1085 

88 

1-833 

64 

1-727 

13 

1094 

89 

1-345 

65 

1-747 

14 

1101 

40 

1-357 

06 

1-767 

16 

1109 

41 

1-369 

67 

1-788 

16 

1118 

42 

1-381 

68 

1-809 

17 

1126 

43 

1-395 

69 

1-831 

18 

1184 

44 

1-407 

70 

l-8r)4 

19 

1143 

45 

1-420 

71 

1-877 

20 

1152 

46 

1-434 

72 

1-900        1 

21 

1160 

47 

1-448 

73 

1-944 

22 

1169 

48 

1-462 

74 

1-949 

23 

M78 

49 

1-476 

75 

1-974 

24 

1188 

60 

1-4W 

76 

2000 

25 

1197 

61 

1-495 

1 
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2.  Bnup%f$  Hydromeier  for  Liqmdt  tigkltr  Moit  Watw, 


B.«f«.. 

8|H!ctf)e 
GraTity. 

Dcsm. 

Spoeffto 

1    Dv^crrcB. 

Gr*Ti»y 

OX!  I 

10 

1-000 

27 

o-ftoe 

44 

U 

0-998 

28 

O'RW 

45 

OWT 

12 

O'Vi;^ 

29 

0^883 

\       4H 

0*«02 

U 

0*t>80 

80 

0-8«0 

47 

0-758 

H 

0?»7« 

SI 

0-874 

48 

07tM 

15 

0!}«7 

32 

0-«f>9 

49 

0780 

le 

O'WiO 

3a 

0'gG4 

60 

0-785 

17 

0'1>54 

u 

0-859 

51 

0T81 

18 

t)-^4« 

as 

0-854 

52 

0177 

19 

Ot442 

36 

0*849 

68 

077S 

20 

0  '.»3n 

.^T 

0844 

54 

oim 

21 

0  i>;io 

S8 

0-839 

55 

OIU 

22 

01*24 

39 

0-834 

56       1 

0760 

2d 

o*in8 

40 

O830 

57 

0757 

24 

oins 

41 

0-825 

59 

0758 

25 

O'WZ 

42 

0-820 

m 

074^ 

26 

OUOl 

48 

o*8ie 

GO 

0745 

Thes©  two  tables  are  on  tlic  authority  of  PmncoBur;  tliey  are tjiken  frofn 

the  Himdu.*orttrbueh  dfr  Chrmtf  of  Li<»big,  Po^gcndorff.  aud  Wuliler.  B«itt»^jf 
hydrometer  ia  very  commonly  u«ed  on  ihe  Continent,  especially  for  liquids 
henvicr  than  water.  For  lighter  liquids  ibe  hydromelcr  of  Cartier  i»  oftcii 
employe*!  in  Frrtiice.     Curtier's  degrees  differ  but  little  from  those  of  Bjmtn4. 

In  the  United  Kingdom,  TwaddclVs  hydronietcr  ig  n  gor.*  '  '  —  '  far 
dense  liqiiida.     This  instrnmeni  is  eo  (rrndimled  «h»»  the  i  ^- 

ity  cnn  he  deduced  by  an  extremely  simple  method  from  lu  Ut 

hydrometer;   namely,  by  mulliplyiug  the  latter  by  5.  and  jftddu  lit 

sum  ia  the  apecitic  gravilj,  wafer  beinir  10<X>.     Thua  Ity'  Twadil        i  ttt 

a  specific  p:ravi(y  of  1050,  or  1  05;   IXP  Twaddell,  1450,  or  145* 

lo  the  Cuatoma  and  Excise,  ^ikes's  hydrometer  is  used. 
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TteprntoTC. 

TMnp«ratiir«b 

Tcmp«rmtnf«. 

Vora. 

Worm. 

Foroa. 

fkh. 

OMrt. 

Fall. 

Otnt. 

rah. 

Cant. 

820 

©••O 

0-200 

670 

180-88 

0-474 

90O 

820.2 

1-86 

83 

0O-66 

0-207 

68 

140^ 

0-490 

96 

860 

1-68 

S4 

1«1 

0-214 

69 

I60 

0-607 

100 

870-77 

1-86 

86 

i«-e6 

0-221 

60 

160-6 

0*624 

106 

400-6 

2-18 

86 

20.2 

0-229 

61 

160-1 

0-642 

110 

480-8 

268 

87 

20.77 

0-287 

62 

160-66 

0-660 

116 

460-1 

2-92 

88 

80.8 

0-246 

68 

170.2 

0-678 

120 

480-88 

8-88 

89 

80-88 

0-264 

64 

170-77 

0-697 

126 

610-66 

8-76 

40 

40-4 

0-268 

66 

180-8 

0-616 

180 

640-4 

4-84 

41 

60 

0-278 

66 

180-88 

0-686 

186 

570-2 

500 

42 

6*66 

0-288 

67 

190.4 

0-666 

140 

6O0 

6-74 

48 

eo-i 

0-294 

68 

200 

0-676 

146 

620.77 

6-58 

44 

6«-66 

0806 

69 

200-66 

0-698 

160 

66*>-6 

7-42 

46 

70.2 

0-816 

70 

210.1 

0-721 

160 

710.1 

9-46 

46 

7»-77 

0-828 

71 

210.66 

0-746 

170 

760-66 

1213 

1  47 

8*>-8 

0-889 

72 

22*»-2 

0-770 

180 

82«-2 

1515 

48 

8*>-88 

0-861 

78 

22*>-77 

0-796 

190 

870-77 

1900 

f9 

90.4 

0-868 

74 

230.8 

0-828 

200 

980.8 

28-64 

60 

10« 

0-876 

76 

280.88 

0-861 

210 

980-88 

28-84 

61 

10»-66 

0-888 

76 

240.4 

0-880 

212 

lOO- 

8000 

62 

IIM 

0  401 

77 

260 

0-910 

220 

1040.4 

84-99 

68 

110-66 

0-416 

78 

260.6 

0-940 

280 

1100 

41-76 

64 

120.2 

0-429 

79 

260.1 

0-971 

240 

II50-6 

49-67 

66 

120-77 

0-448 

80 

260-66 

1-000 

260 

1210-1 

68-21 

66 

I80.8 

0-468 

86 

290.44 

1-170 

800 

1480-88 

111-81 

70 
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090^ 
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4 
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6 
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6 
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8 
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9 

01**H1 

10 
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11 
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12 
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18 

09789 

1^ 

0-ti778 

15 

0-U766 

16 
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17 

0-^41 

18 

01^728 

19 
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20 
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21 

01)091 

22 

0'9<J78 

23 

0-94^5 

24 

09662 

26 

0-9H38 

26 

0-9^23 

27 
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28 

09698 

29 

0  9678 

80 

0-9&fiO 

81 

09644 

82 

0-9628 

88 
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0^11 

84 

0^90 

^ 

0^9170 

36 

094^2 

87 

0-9484 

88 

0-9410 

89 

09890 

40 

0-9870 

41 

09850 

42 

09885 

48 

09814 

44 

0t*202 

45 

09270 

40 

09249 

47 

00228 

48 

0'J2m 

49 

OtH84 

60 
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CaiiK^snieMr... ,.  6^ 

cotnpotihd^  uf  «,....M^  «....  6W 
CAodln,  ]bimL>uf  ....,,««.«..  17^ 

C»*fli(cbJu    .*^ -.....«.  4I»1 

Ca-intcliMUc ,.*..♦..  481 

ruTnisml    ....,.,.,.,.......»  COQ 

CioilklKiiicin 481 

Otmtm<?l ...   6W 

CftrUiulrwdd »li»  770 

CtirUtmU' clbf-rv 776 

Ckrhjiinkli! 514,  777 

Carbl^lt*  (il  b)dn»gtn..l»W.  474 

of  iiMU 401,  40i 

OirbimJde .,..« « .*., ...  777 

Carblnol .....,..,..,„.,  MS 

Carli«n lOa 

cldort.k^. 187,  559 

bjpiilidifde  202 

cittniMiundAwttbonyfr^n  1<15 
witb  bydrotfiHt  ...  16»,  474 
rcKmnt'hiii    in    urgaidc 

iH-lk-* 448 

riir1<i»n  tj3t) chloride *J<»4 

iiulplHu]i|iiri«U>  .......    ...  'JOi 

CHrK^iJitw ....Iflft,  VI  \ 

lUMlyftis  of  .......^.....<,^  *4fl^ 


Oarbnr«tt«d  hydrogvii 

li'Kbt 1  im 

Cm  rl  kihH  pb«>ny  [-triiuii  I  u*^„,  745 
OirbouicuAiil.., ...,.„.  168,  UK 

■►Hum „ ...„.  (HO 

Ciu-lH^lnHliyJ  Ummin«» ..,  7f»o 
Cjirbo-trlpliPfiyktrianiiuct,.  745 

Qirbj]   «ij|p)imle  ...,.....«,.  &ltl 

Carujiiin 7H7 

Cartnlnic   acid  ..............  7B7 

&irti*-^r'M  bydnioMstcr ......  82S 

Citrttimnjn I^H 

CllTTll^hwIl  IU0A9  ............  BWt 

Ca««iu.. 7W 

GMMiva 503 

DiMtktii,  purplc^uf. n7l 

CiwttjrMilL 640,  052 

Coti.ly»i<,..« ..  240 

Cat 4-1  ha  ..,....*...-. tl^ 

Cittwliin. ......  f78 

Cuvcudinb'a  fudk»iiiv|iir...  144 

Ci-llultj*t'... ..«  50*1 

Ci'Uj  i-rU«  ... ... «. ..„ ...  SaT 

Ci-ra*!  II ., „ ...  568 

C^Tfto .„ 340 

Cvrjiim «...,.M.  940* 

Ccrotatra  „ »..m  QM 

C*'roTpne.. ..„.». «#.•.«.  480 


..U^filioU. 
.lUtdiul.... 


A4C 


ainn<4  ...... .  ,.„ 

CluMiTM-bttnj  nifnrral ,. , , 

Cbiiuirii'  of  bLiIv  prudticett 

by  UvHt ... 

CliAri.'"<di  AniDiJLl  niid  vci;o- 

labki.. -M  « 

Cb««'«u^jnakiiif ........  ...... 

Cbt<JU)rKl  phlk«nphy 

my  it  fif  till)  i>tiuir  ■pt'O- 

ttuiu.. 

CbititMtyp,  ni'tltiii  of.,...,,.. 

CMiiiM'^i^  wnx ».t..... 

Cbiiiulltit* 

CbinoUii^blue » 

CI»ii».idiii.o 

Cbitin,.. ..„.  gHO, 

Cblorwl ...........  817, 

JIIKHdultl^.., «.  „t ...  .,^,.t„ 

niluriiiiil  .„«...«.,..».  i 

CblorHnlliiii? M...  ' 

Cb.lu»rrti«iii  ......,,.,......,.,„. 

Cbl4>rbydriii».... „«,,..» 

CblMridf^^  DtetaUJic  ., , 

orfptiiic 

DiUkritiiftry «....,.. 

Glilorinf 

action  of,  on  orgiaiilc  l»o- 

dli*.. 

cuoi|Mniiids  of,   with  hj' 

dro|M't)  ......  

iriib  iiitrofrt'U.. «.. 

vrkrb  mrlNiiii  ......,„.,« 

wiliii  oxyi^u  ». 

M^iniHtioii    ill    ur^nlc 

tKrtbw 

CbbmiMiUii  ........ .....r. M..,.. 

Ch  I*  irj  N.».„  ....„...,..«.«.  .„ 

Cld  I  »rolti'n  rmiHt  ..*.... 

Cbli>n»r«)rru  ...„..,,.,.,.. 

Cli1iii^i''>pi<-rJii 

ChliiriHpii(Hiiu«« 

.  n\\^ t>^TiW-sV\  ..._.„ 


M 


848 


INDKX. 


PAOI  I  FAfll 

Cbloronii  or  acid  eloniPiita  iVi  I  CompftM,  mariner*! 107 

Chol.pvrrhln ^Vi  ,  ComiHuirid  unmoiiiM T^ 

Ch<>l<'>trrln 5Jo  |      nulk-rtlH 237 

hvtlnH-arlioii  furnnMl  l»y 
■jIHiyilnition  of 6f>J 


Chol<'<«tr«»i»liuno -  <•»< 

Clioiidrlii —  ^}  ; 

Clir«»ni.it»»«    -i^iy 

nir.iiiu'-yHlow 4W 

Chnmiiiim *^^ 

chloridit* 4J57 

fliiiiri'li'4  4"W 

oxiil(>i« ^^  I 

oxvclilorldes  440 


Ci'Dili'iixation  of 

vaiMirM  63,  M 

Omiliiction  of  hmt 52 

CtMKluctora  of  electricity .  116 

Conhydriuu 760 

Conine 7fiQ 

C<>n<>tuiicy  of  comimidtfoa  219 

OiU'^tiint  battery 25*2 

Constitutional  fttrmnlic....  2:^1 

Contact  action 240 

Omtntctile  animtanre f18 


s-dN,  n-nrtions  of 410    Coii.iiJm  Imlaam „.  7W 

Chrv*:iniline 747  I  C'IkiI  790 

ChrV*en.' •'"•»6  i  Copl'^'r 353 


Clirvn..»KTyl 3-T8 

Clirystollrc 3W 

Chvle 815 

CintlioniriuM 7'>5 

Cin<-li«>nldlno 755 

Cini-honint' 754 

Cinrhi»v:itinu  756 

Cinnahjir 'Wl 

ClnnanH'lu OH 

CiiniJinii'nn 5ol 

Ciiin.iiiion.  oil  of »)10 

Cinnyl  hIcoIioI 5.'.4 

ciniiiiiniite Oil 

Cln*nlar    polariziitinn    of 

li-ht    W 

Cin-nliition  of  tho  blood..  »>5 

CitniTiil.i."  7SII 

Citr.ii.-fi   f-TS 

Cliirlfyiu:^  wlni'H  and  Im-jt  Soj 
Cl.i^sifl-iitloii  of  m«'t:il 

orpiiiir  coiiipiMint] 
Chiy .'Ui.i 

ii'tti'.t'iiii* 4i 

n.Mva-..  :: 

C..il 


Hrin<l- 


4'»7  ' 


Ji«'<  

Ci».ll  tar  «T «•!•• 

Ci.'il-tiir.    volatilii 

l'l'-«'f 

Col.-dt  

uniin'iiii.wid  (%itni»oiind' 

..f 

roLalt-uLim-P   UH 

dh  ilti'  yaiii.l«M T'rt) 

('.»!i.ilt-s"iltM.  n-artions  of..    4o.) 

Ci)lMlt-iiltraniarin«' loj 

C.M'.ii^  ,-a.-ti  7^7 

Crhlnrd 7S7 

C...-...,  oil  

CiHi.Mno 

Coiir^f-.n  

O.k- 

C«.I.-lii.-ii..« 

Colli  proiliicfd  liy  cv.ipora- 


nrctatra ^ 6il9 

alloyi    356 

nrneidte 355 

cartionntf^ 355 

rhli>ride«   >  354 

coiniHiundt,     aininonia- 

cnl 356 

fiTFiM-yanide 70R 

nitritn 355 

oxid.-s 354 

l>vrite<i 8ft3,  856 

»n\u,  nnictiona  of.. 356 

Fu!plmto 355 

fiulpliide^ 355 

C..rk-tM.n-r 137 

Corn-oil res 

C'-riiri'ltim ...  .tjl 

C'MTM^ivo  .>.aMiniatc „.  li.'iS 

Ci-taniiiie  753 

I'tal:*...  "JTl  j  Cott««n  xyloYdin fi'.a 

i<1h  iril  !  Cuiiianc  luid...... C'.tO 

Ci.iiinaiin «01 

Crt'am    f.'.'i 

nf  tartar t~4 

rr.atlii 7.V.» 

CriMtinitii* 7'»1> 

Cr.-.,*..l  5.;; 

I  CpHJ-tnti' 550,  .'iiu! 

Cr 1    .V.:i 

('p'Wii  i:Iju<!« 'M't 

Cru'iMis 347 

Cryolitf :«4 

Cryt»plM»nw....': OS 

Cr>pt|.|in(? 74S 

Cry-^talllm'  forma 2.'»7 

Cry.staIIization  257 

Crv'«raIIi7.atlon,  wat4Tof...  147 

Crv-tan..|.h    14'J 

Ciih-l.-*.  oil  of 4'.»1 

CiidN.ar 7*^5 

Cinni.liiw  730,  743 

Cnniin  oil 05)1 

Cniniiiol Tilil 


IT 
0.V) 


4'iS 


7.i3 
■J:'.'.) 
111-. 


CollidiiH-  

ClI.Mlion 

Coilo-ih    

C«il..ph.  n.'      

ClMplmny 

C'l'»iiii/     priucijiIiH*.     i>i 

>pini. 

Coliiiiil.liiiu  or  Ni.il.inni. 
Conil'iniiti.iu  1>>  \uU\\\u' 

)'}■  w.i;:hl...". 

Conitiii'^niin  

liirii;i'i-   

)i..it  ,.| 


c.s 

74'.» 
.  5!»4 

,  4V> 


Cyanofren:  rMi 

brouiid« m.^....~.  Tit 

clilorJd« 716 

Iodide     ....„ 716 

milpbide ^ 717 

CyantriphenyldiBniine .....  T4S 

Oyananitea 714 

Cyniene...... ..m.....  Wf 

Cyniidine 739 

Cymyl  alcohol Ut 

Oyniophane SS7 

Cystic  ozMe 810 


Pacaerreotype „    97 

I)altf>n*K  table  of  the  ten- 

Hinn  oraqiieoiu  Tafmr...  99 

T)H1nmn1^nwin 7tW 

P.niirira  battery 253 

pynmictfT 47 

Dtiturine „ ... ...  7W 

|»uvy  lamp .-  178 

Pecane 477 

I»ccay 413 

DiT'-no 4W 

iHi-linntlon.  magnetic 101 

Decoloriiation    by   char- 

c«l 169 

Decomposition,     electro- 

chendcal S45 

Diliylralinj;    apentft,    ar- 

tionof.ouoriraiiir  ImhU.-h  4C3 
Df  la  Kiv<->  flfi:itin£  l>at- 

t.ry 123 

T>*llliinlne l^t 

1>.  iifity -7 

maximum 'O 

of    vai»or»,    determina- 
tion of 4.'.9 

T>.w I'U 

l)«\v.|H.int fA 

I>.  \trin  :.".«« 

I)i-\tri »:;lnr«w«r» fiTi 

l>i\tn»«.' 576 

!>■  \tri>-tar!aricftrid *'\ 

Pial-t.'!* .'':.,  '"■•» 

Piai-i-tamide 77  ! 

lM..r*>:in n\ 

liall.l 4«t7 

I)ial\.-i:a 11^ 

I>iama;:n«'tir  boilies lin 

Itiaminr* T4;» 

IHnmnionioplatinic    omi- 

pitumls 37ft 

Diuninionio-platlnon'<Ci>m- 

poumU _  377 

Diamond Ii4 

Diusta^t' i»10,  577.  .V»l 

Diath'-rmancy Vi 

Pil'onzfivl  ..." tVSl 


74;$ 


dnl- 


Cuimn- 4'.*^ 

Cuprii-  and  cnpnain  com-  ,  l)il»«'n/y'l 5ti.1 

pipinnN    354     Ditlyniiuni. 

CnprosMvinji  oxide 4*<C 

Cur.irine 7»»i> 

Curd  7i>5 

CyainHlde    

Cvaii.iniline 

('y.iliatf* 

ryanitiplfnyliliamine.. 

•ii'^     CVaniili-t.  al'ciJhi'lir 

.  'l\^^        wwV.AWr  i! 

,.  \"'l    ^'\  x\x\\\v. '..  "»V<    W\^\\~vm  i.r  jn-<i'« l:i 

,  .  ^V»     V:\  v\\\x«'    '•">"*    WWvvvAv *A \vvviMi* 14"» 

•iW    vC^AWWA'^X   "^'•^      V\i.v-*\V^XK...„ '"i^i 


7><1 


71J 
742 
713 
74;. 
710 
704 


JMctlionir  alrtdtd 

I)ii-tlii>niHli:imini- 

Piothen(^libn>mide, 

plniric 771 

T>iiili«netriamine '44 

I)i.tIivl-.li.'tlnrM«-dil>r.»- 

nii.iV,  Rulpliurir  771 

Pif]  hvl-i>tli<ue-4lianimoni- 

nmio.li.l..  741 


INDKX 


UJsfliirtwic  Jih^jln*l* .,..  A«3 

I>iiMLTCuni.iii)iu>iiiuiik  caltfl  ^^'i 
Hi  iM<'tliyt'»-tJtj'l-6uincuuo,*,  iW 
l>iMiurpl}t>i»i .»».«....  ..*.....  2&7 

I>lf.|ir|h>  !.„.,„ 603 

lMl«lHMi>|iiaitTM  ..,,.„,.«..  74'J 
I)ilihHi>lftU('mMUaininc.  744 

r»i|i|- l'5»  oM  „_ 74H 

Nilftcry !...-„   „..,**.*..«..-  814 

nictitift'Ltion ^-.  S-'H 

Iij»}H«hip^  jAfliietioa ».»«..«  24ii 

hit>*L*iUiktu «  461 

D)^lilk(k'(l    - *«»     ttl 

dr?  i^r  ili'itmctiTe...,^ —  4tVJ 

T>itor«  U*ii# ..»,„. 480 

DuuMe  reriTirUon ^*    Wl 

lk.iiM*»«iill«, „„, 282 

Dn,*:nn*  MoihI 7m 

iMnnldv  of  mvUils .  Sr-C* 

r*ui-  itf'. &i:i 

Duuiir^^m    ........*,.«.««.  i77 

lluhh  U<|m<]  ..«*...,.........  6f>S 

Pv^iil*  -_ „««,,«-..««  JKll 

Ihr*,  vellow 7**» 

i/vHitc m 

Ih  ii.tniinal  throry  of  hwit  7S 
D>4ljeaii 812 


KarlUcnwiir« ...♦♦*..  !M7 

£iiriU'»ii'(MU..,»„ ,^  3.H.'I 

n^tic  Hun*  o r.*«... ...»    31.1 

KUMJite.... * 4511 

Fi-nllfiF-m ,   ...„,  ..„„     f>7 

F  I'       '"t'lrif;  tlningiito>..«^  <^5 

J  riu  !..[!  iif  istimon 140 

KK^-iU>mnin „  7«4 

K'^iC,  wbit^j  of 791 

KLti.llii ».„  «^,.,.  «'i« 

Kk»M.'h>ai?.»..w .»««„  tf)7 

Kl^ialk  ttwnio „  81S 

EIm  trk  battery  ,.... 119 

curri'nt  ......  .......,,  IIW 

U^-tttJi'Telopwlby S/ii 

Elfctrk  rliwliiirge.-. .,....,.  11<J 
EltK^rictfcl Vi2 

mttohIn«>a ...^ 117 

Electricity,   i>o«ltiv«i   and 
m^giitire ..««  1 1 4 

of  viip*»r» ».  I'ifi 

Kl«H;tro-ch('mlciil    tlecoDh 

IMHiltioii...... „„,.  a4R 

KliH  tHKlm ..,„.„,„.  346 

K1.M  trvilysln . »45 

El -ntro  lyric      duC4ifQfxi»i- 

ri.jj,  tkOikHn  iiiiiouuC  <*f  24S 

Kl'H  hiilytcw, ,,,  'J!46 

Kl-  h-  .-n.,i.:nolisin ,   V2S 

K'  1    jwjWtT  .,,.-  2l4fl 

l.udi.»„....„  251 

t  -  „  llVl 

1  !  if !Jftft 

I  .      ,.,^ 10ft 

Klctjtitin^.^  ,  „  2*M 

£|4'iii<'itUir7  1>^1I«^  tAl>t« 

Mr„... ,  VS 

KYtiiUiU  of  ► „„...,  2lM 

Kl<"M».*rilj!    ,....._    .     ...^  137 
Eleiuriitt,  rli»««iOc4ilkm  rif, 
ttrmnffniip  to  mquirm- 
irorniiNi. ..............  S^id 


ElMEietitii :  PAGX 

incuogLtuk   and    poly- 

K«nlc  .,,„...  222 

Kmtiy ..«..„,.«..  ;ti4 

liiii«ti»e ,.„.......  ,„,^  TtO 

EnirKliii .«„  7»7 

KimiUii  ....,...*...«....«..  i7a 

Eiilrlik.rbfdrUt „,-..„«  &i.fl 

Kpidtraiii «..,-^  «01 

Ki»itliu)iuru ...,  ^t^ 

K|i!«tnjiwiU ,..*.   a4»> 

|M|uiviiteiMry,  varlatiou  u£.  t£L^ 
E*^ii(vii.|(!iii|j«,  Uiw  of,.,.„.,.  2*^1 

Kibiuiu .,-„  242 

Ermiuu'liiwlA. , *...  4fXi 

nrythriU* „„^.  573 

Emphcd  of  lurpeQ tine ......  4N!i 

Ka^cntUl  oil* „,  402 

EtbuIIti  nkyjlioL........ ......  542 

EtbiLDo  .....^..... ,.4ti7,  47"^ 

Ethftt*.., , 170,  4S1 

Kt I tcncr  alcohol  or  glycol..  6S(1 

£th(<Q«  brouiidtt 6i0 

ttilnride  ......,..,....**.„  6fl« 

cyuiUilu  ......  .^»..  ,.4*»M^.  ill 

(.allele ,  „^  aflo 

u^luto ..,...„.„  "flfiO 

uxiibt     ,,,„,  ..„«...«.....  fl*'^! 

Milphide fltW 

Ethciits^iiunfne  .......  ,....    743 

KtlM'Dt^'dknimonlnm   lo» 

dido „.,  741 

Ktb(?ni»-he'xetb3rl    dJjihcM- 

nlionium. ....... .  767 

Rtb(Mji»-  Ii4:>xi.<tbyl  -j4io»- 

nbni-wjnliim.,. ..  7(17 

Etln'fu^  -  !*>trt'thyl  -  phw- 

pbiiiiitiuiiiiiini 7r.7 

Etlii'  Tn?  -  trb'tliyl  -  phoa  - 

tilminti ionium. ^  707 

E(lnri'nl  Bftlta -..„.,. .,  4fl0 

EUit-riQaitlon „...  &24 

Ethtird,  cviiu|>r>und.... .......  ^9 

dlAlumii »»„^,.»»^^  Ji&S 

bi?3uitornic  ....'.. ^.,*.. *.....  rj72 

munjitiiiiiEc...,, „„..  510 

]K?iirHU»iiilic  ...,...,» ,  ^73 

UlTTiUmtifi Ml 

trliiti>uiic  .u,...,.,^^,*,^».„  66fi 
Kthldei,  inotiilUc....»  ..M,.  TQt 

Kthyl   nceUttf ...„„..,.  fll© 

1i>i>rntc«  .,, »,..«.  ASS 

iT.iTiiide  ..« ..*,  D3S 

CArV*am«it<i  ....i. ...........  776 

CAili'tnnCi'^ «.,,. (140 

cHloHde .,.» 622 

r^nimti? .......^»*.  714 

(jrAltida  ..... ,.„.^.  710 

4>yiiniinitei 714 

(tirmHtc..., , ft<fi 

iHciKiiiiphocyn.iiftt« 7li>) 

tiitmUJ., „„„..-......-  &2fh 

tillril*    ........ ►*».*»♦.  B2fl 

oxnliites  ..,..,.,., ,,^^  &H) 

ox»iiii»to ..^... 777 

0Xt.»o .....„.„. ^  623 

I«t1mlUto  ,....♦. -..  <W2 

tiHj*r^t4tiitt4i.....,.t»«.^**.«  020 

idicK^thnlcii,,,,.^,.,. *.,  n2S 

ulltrnlc^i  ..„»....„„.....«„  629 


Ethyl :  ipacb 

au1|>l>ocy«u«(«.., ..«  719 

t^triniti'«... *,.,  676 

t*'lluridv „  TBI 

xiirtUmtc ....„.,  «...  661 

fciliyjact'trtiuldflu.,,,..,.,*^^  77S 
EtbylHiuiuti  „  ..»,..♦.*,♦*.,„  73tt 

-ur<ft  ,, ^  73a 

Erb>l-Aniiiioniit 7114 

Kt  |j  J  l-H  ni  V  l-|!hbeii  V  Isuniuo- 
uiutn  ■(••lide...^....,^*...^  742 

Kt]j>1  milliuo..,..., ... ...  741 

Etlivlt>4-n7.4'n«M 408 

Ei|jirl-riHk:|iiH. .„...♦  ».....,  764 

Kt b vl-f< 111 iu«  .......  .«.,.,*,    7fiO 

Ktb>l-ttirt!i>i  oxide .»„-....  &i» 

Elhvl-ctxnriji*!**....,^ 778 

Kibv]']vh4-hv|j4iriiii« 74t 

Elhvl .^■lllie^illt^...,-., T43 

Etbyl-f^JioUd «>4 

KibybBtrycbalne  m^.. 756 

EixMih7i,..-..„ .....*..  678 

KucbbtiiM).. IM 

EiirliroDC »..»....»...  1M6 

Eiidioiuft*rt„...«..,..««*  *  144 

Kticlajiio ....    .,,..,.  837 

Kuxunrhoi)«^ ..„ 78Q 

KYn|K>r»tfon ..    01 

colli  fkixvlDrnl  by.,.„....      09 
EvtTfibi  i>niijiHti1  ...«..* .«  7M 

KxcrHJii .*„.*..  *.,*,.  804 

KxCkMit*Jfl(« .,.,. 160 

£\tK«DHl«iu  b>  lieiit ...    43 

of  li.|ii|d--......   ^ -  48,  M) 

*>r  j[nM<« .« ♦I,    61 

of  ftoIHi ^,.  ,„„  ,.,....    46 

of  waUt  .......  ..^.....M    60 


Fftt,  oiifdn  of,  in  the  iOl- 

itifll  l-wly ,.*..,* ffli 

Fill* 64M^  023,  flOf 

Vfttty  »cia»„.... ..    6fT 

Imihrm .......    BQ8 

Fccnl.1 - 6§0 

K(d»pftr.... ..M ^*.,..4  8S6 

Perm (*ii  tat  ion......  ».*.«..,.»,  406 

butyric, *. , <I17 

Imiic -„..,.  „  f46 

vinoiij)  « ......u 616 

fpnuint>« Ifl^  646 

KiiTMtoA .....  .  309 

Ferric    Mild    Icirtms  com-- 

poltfKlM <. fiOS 

n^ArtiiiTiA  of.*.....- 401 
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BBANDB  AND   TAYIiOB^S  CHEMISTBY, 

NEW  EDITION,  JUST  ISSUED, 


CHEMISTRY. 

BT 

WILLIAM  THOMAS  BRANDE,  D.  C.  L.,  Ac, 

ALFRED    SWAINE    TAYLOR,   M.  D.,    F.  R.  S., 
Profenor  of  ChemiBtry  and  Medical  Jurisprudence  in  Ouy's  Ilospital,  London. 

Second  American  Atttion,  thoroughly  revi»eS  hy  Dr.  Taylor.    Jh  one  large  octavo  volume  of  764 
dosely  prirUed  page*  ;  extra  doUi^  $6 ;  leaiher^  $6. 

We  do  not  hesitate  to  pronounce  this  the  ablest  work  on  chemistry  in  the  English  language. 
Jowa  Mod.  Journal,  April,  1868. 

The  recognized  value  of  this  treatise,  and  its  reputation  both  here  and  abroad,  render  it 
unnecessary  for  us  to  more  tluin  citll  attention  to  this  new  editiun,  which  the  American  pub- 
lisher has  brought  out  with  great  care  and  accuracy,  the  snperTision  of  the  work,  as  it  passed 
through  the  im^ss,  being  intrusted  to  a  competent  chemist. — New  York  Medical  Journal^ 
March,  1868. 

Au  eniinuutly  practical  and  truly  admirable' work. — Leavenwortfi  Med.  Herald,  Nor.  1867. 

One  of  the  roost  usefhl  and  complete  in  the  language.  It  has  been  already  announced  oflS- 
cialty  as  the  text-book  in  one  of  our  medical  colleges,  and  we  expect  other  schools  to  follow. — 
SI.  Louis  Med.  and  Surg.  Journal,  Dec.  1867. 

This  is  an  elegant  volume  of  nearly  eight  hundred  pages,  and  as  a  manual  for  students  seems 
all  tliut  could  be  desii-cd.  It  is  full  without  being  lengthy,  minute  without  being  wearisome, 
and  written  in  a  manner  calculated  to  attract.  It  is  a  first-class  book  for  students,  and  as  such 
we  confidently  recommend  it  to  tlicm.  Those  who  may  desire  to  purchase  it  may  be  sure  of 
having  in  it  all  the  latest  chemical  knowledge. — Cdnada  Med.  Journal,  Nov.  1867. 

The  one  before  us,  which  is  the  Joint  labor  of  two  of  the  greatest  minds  in  Qreat  Britain, 
can  most  certainly  demand  for  itself  the  highest  rank  in  the  special  department  of  which  it 
treats.  Although  a  work  of  large  size,  being  an  octavo  of  over  seven  hundred  pages,  it  is  filled 
with  such  subjects  as  are  useful  to  the  student  of  every-day  chemistry,  or  to  the  practical  niiin 
who  measures  the  utility  of  every  scientific  fact  in  proportion  to  its  capability  of  being  demon- 
strated. In  other  words,  it  is  calculated  in  our  opinion  to  give  to  the  medical  man  the  broadest 
possible  groundwork  for  the  study  of  chemisty,  and  the  application  of  its  great  truths  to  the 
every-day  necessities  of  practical  life.  Nothing  more  is  attempted,  and  nothing  more  is  needed, 
in  a  work  specially  designed  for  medical  practitioners  and  students. — N.  Y.  Medical  Record, 
Nov.  16, 1867. 

One  of  the  standard  works  on  chemistry ;  alike  valuable  for  the  student  and  for  reference  by 
the  practitioner:  well  up  to  the  times,  containing  the  latest  discoveries.  —  Detroit  Review  of 
Medicine  and  Pharmacy,  Dec.  1867. 

Any  full  or  critical  notice  of  snch  a  work,  in  this  place,  would  seem  to  be  uncalled  for.  To 
the  careful  student,  who  desires  a  full  and  complete  text-lx>ok  in  this  department  of  study,  wo 
commend  the  volume  before  us.  —  Cincinnati  Lamxt  and  Observer,  Nov.  1867. 

A  work  of  real  merit,  such  as  every  student  and  practitioner  will  find  usefbl,  both  for  study 
and  reference.  —  Chicago  Medical  Examiner,  Oct.  1867. 

The  pervading  idea  is  to  afford  snch  information  on  chemistry  as  will  be  of  most  advantage 
to  the  student  who  cannot  devote  his  whole  time  to  the  study.  The  foundation  is  laid  in  this 
work  for  a  deener  research,  if  time  and  inclination  permit.  Altogether  it  is  a  very  valuable 
text-book  for  the  student  of  medicine,  and  may  well  be  adopted  by  every  medical  college;  the 
constant  reference  which  the  physician  must  make  to  this  science  will  render  the  work  abso- 
lutely necessary  on  his  shelves.  — .St.  Louis  Medical  Reporter,  Nov.  1,  1867. 

The  author  appears  to  have  extended  his  care  to  all  portions  of  the  work,  organic  and  inor- 
ganic. Among  the  former,  additions  will  be  found  at  chloroform,  nitro-glycerine,  anilin  colors, 
valerianates,  spectrum  analysis,  and  other  subjects  have  also  been  enlai^,  so  that  the  claims 
of  the  book  presented  to  the  student  are  strong  and  decided,  as  being  up  to  the  present  time, 
and  meriting  his  confidence.— uim.  Journal  of  Pharmacy,  Nov.  1867. 

Gives,  in  the  clearest  and  most  summary  method  possible,  all  the  facts  and  doctrines  of  chem- 
istry, with  more  especial  reference  to  the  wants  of  the  medical  student  —  Xondon  Medical 
Timet,  

HENRY  O.  LEA,  PhilwielvKia,, 


GRAHAM'S    CHEMISTRY. 


IKCLXTBIHO   THE   A.PFLICATIONS  OF  THE   SCIENCE  TO    THE   AST8. 
liv  THUMAS  GRAHAM,  F.  R.  S. 
Second  Atncricnti,  tnmi  tho  Second  K«-*v1msI  au4  Enlargrtl  KogUth  CdiUJon. 
EDiti»  PT    HENRY    WATTS,    F,  C.  g.,    akh    KOBKKT    BRIDGES.    M,  t», 
Wltli  Two  Husdred  «ad  Thirty -ttire«  Xlloatntlona  oo  Wood. 
OmpUi*  in  tme  vohtm*,  l^tryt  /-ff*iw.  «/  »i,'.0  tU>tt3y  printrd  poffrj,  «im  eluth,  t&^, 
the  whute  tif  the  tu^o  t*jiumf*  oj  Xht  L<rntlttu  fiit'tion. 
Tho  (iu1»]i«ilirTH  biivio  gotiou  np  tli4>  work  Jii  tUeJr  tiMUwUy  rxrclkntt  nUlv;  fhn  wood 
liiHi  Htv  iK-aiuHfulty  oxi-cnted,  and  Hltogi'tht^r  tho  thoiuicjil  itn)<1i>Ta  /.r  tihy«K-iitii  wiu'lliiid 
iiuthiti;^  liutt^T  m  »•  ^jod.  As  a  nutidorcj  and  ci>ai|ptt<tv  tvxt-lMjii.«k,  a»  tbi«  dhw  nlltiuo  of  (inlwm, 
—  f'ittcinnati  L/mcft. 

W«>hAY(».'i1viayM  r««eftrdcH)  Oniharu'fl  Cbomi«try  &ft  one  of  lh«^  Im^^i  •uir.iiiu  «)  Wi.rlk«  niN>ti  th* 
{ni|Hirt4iiit  ilcpartfiietit  of  «d*"?ic«  to  which  It  i*  dlrwltnl,  un*l  ifa  m  if. 

(>r£tlly  udinittiHl  tikut  any  }rii}rthfni.nl  ctmtniL-iMlMtion  UfUi  im  Ihi'i<«>  ir, 

thtMi.  I*»  /iliM^rvf  that  wi*  ki*i»H  <.f  no  m<iri»  nolitihlc  anthnrltv  f><  %^  ii 

than  Iht*  te.it  of  thii  vaJnnlth'  wurk,  hf»r  of  any  Im-H^t  «iIii| 
etiiilpnt  hi  untreh  of  MMind  iind  {rrofltiibk<<  (ritf'ilJpfiiciv  ur 
nrrviHl -- it  hi  twcrywhi^rr  i^xhI,  Ktid  Ui0  d«r0crititioiik  ttTo  R«  II. 

Ttin  Tr^ry  Xn-ai  ^^nrk  im  InnrgikDjc  CUvtntotry  extonl,  ftnd  publfthod  in  lli«  b«rtilylcL— JK  Q, 
Med,  JVciP^  arui  i/o*/^,  Gfi^uUt* 


BOWMAN'S  PRACTICAL  CHEMISTRY. 

INTRODUCTION  TO  PRACTICAL  C U KM ISTRY— Including Amlym. 

Bt  JOHN  %.  IJOWMAN.  M.  D. 

EiJ!Ti?t>  BT  C.  U  BLOXAM,  I»frtf*s»»or  of  Prrtctia*!  Chfmwtry  in  K\T»g't  Col1*ep,  IjoiuIob. 

J^urth  Americ4tn,/n»m  tht  f\fth  cirt*f  Jti>rfif*t  Krtf/hth  Kfittitm,     In  otn  hand^smm  fpjntl  Vlmt^ 

nilumt^  with  numn-atu  %Unttrutit<H$;  rxtt^i  c/oiA,  |"i.iJ6. 

TJit*  work*  of  tlio  Uto  Pmfi*Mor  Buwiitati,  on  Clirnii<!!r3f.  bHvn  bitig  And  dMwrvc^H^  b^M  ■ 

I>ruiuiuiii<it  ulttCiT  in  our  m  i.  iiUrii'    Kf,  r.idjii^  .'nint,  if  rti.'i-.    t.v  jiny  •,!..    r.'a^>ro   f..r    llii«.    tnntw 

iHnrkMl  ihrtii  ftn**tlMT,  wr -1         :  ,1- 

|«  wimtod  in  vnj(ui<  (iLMifnilM  !.y,a 

fnlit^hlon  ll»>  .>itud4'nL  This  raiu^.u,  wliili  t«  pnimnii  iv  I'r.ivK,-.!  n.iwjuAirn  »!ill.  *-Hjr  »* 
Kiitf^'K  Colh'K'".  ii*  fjnftv  up  to  ttie  advance*  thai  itrv  eoii«lanlly  uiakUif  In  thi*  jirM^grvMlTi 
iclnnti".  —  y.  Y.  Mtiiicot  Jmirntit. 

It  will  b(y  foiihil  MfjH  of  tho  bijsl  pildi's  for  tb"  §tnd«^t  of  practicot  cb(»ml*rry.  aail  %  ' 
cojivuiilent  tiittnoal  for  refLTt'tiee  by  tbv  (iir\.iriiiwii*ri  |^'iieniltj.<i— CYoc^po  Moi.  Krawttmer* 
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BOWMAN'S  MEDICAL  CHEMISTRY, 

PRACTICAL   HAND  HOOK   OF  MEDICAL    CUKMlS'i 
By  JOHN  E.  BOVV]\rAN,  F.  C.  S., 
Formerly  Profosor  »»f  Prattii<*l   Clwiuisiry  tii  Ktog'a  Cii1](»go,  London. 
Ei)iTKi»  BY  rUARLES  L.  BLOXAM, 
ProfcMior  of  I^nrilral  Clionii^try  In  KtTi|c>  Cull«*|cc,  London, 
pimrih  Amtrtcan^ /ram  the  F'*uHh  ond  Jffi>>*i'd  Umdrnt  Fjtitifn  :  ttitk  furatrrei 
in  ftit  n*at  rttjfut  Vimn.  fulumf  •*/  JJ&l  /«ityci;  trtr^i  cfnth,  fi25. 
Bikwmnti's   U*fKllH»ok  *>f  MhIIcaI  Clii-ml-itry  Uhi  Wt-n  «o  wwll 
piihlii ,  tli«t  uny  ♦xtotidtti  luitlct*  f>f  n  now  < 
upiwaranr^uif  niH-tlt.-i   n  aot'  nn  <!iv  fit].-j';i^i 
bttvi"  hccn  nin'i 
ff.nu'1  vory  11- 
niirtlynl*  toiiK  I 
likiaitn  avail  tl*»M»(fc.^h.'«  ai   tin-  j 

FfW  nlu»lpnLi  (»f  m»-tliviiii\  w«>  (■nppo«e,  ar"  withorit  h  ffopy  of  on<i  < 
VH(uf»til*v  anit  Imntly  vr*trk.  mthJ  |>ri»*|bly  tiierp  art^  Itot  fnw  of  onr  v   r 
wlj»t  <lo  Mitt  IUmI  it  f^tlll  n  ««'liil  iMKtk  for  i^rpn-nc**.     On  lbt»  •npj- 
«ij'y  for  U*  to  utTi't  iuiyrri  litis  in  on  ItsiDtriiA. — I^ntith  an^  fiim'j 


iUti<»li  Vr«>ijl4l    hv    lit!  1 1 
,  ;l(iiJ  tiift  f^tt'O^i^  <    hi 

i  l<lirHT>i>n  oi   I 
hirh  Willbr 
sv  hi  li  urv  Xhv*  *>nmvd.  —  J  ii.  Jf< 


Bli^^'I  ^  ^  V^t^>  ^\^lia^s^\3^ 
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PUBLISHED  BT 
(LATE   LEA  *  BLAHCHARD.) 


The  books  in  the  annexed  list  will  be  sent  by  mail,  post-paid,  to  any 
Post  Office  in  the  United  States,  on  reoeipt  of  the  printed  prices.  "So 
risks  of  the  mail,  however,  are  assumed,  either  on  money  or  books.  Gen- 
tlemen will  therefore,  in  most  cases,  find  it  more  oonTenient  to  deal  with 
the  nearest  bookseller. 

Detailed  catalogues  famished  or  sent  free  by  mail  on  application.  An 
illustrated  catalogue  of  64  ootayo  pages,  handsomely  printed,  mailed  on 
reoeipt  of  10  cents.     Address, 

HENRY  0.  LEA, 
Nos.  706  and  708  Sansom  Street,  Philadelphia. 


For  five 
Dollars  per 

annum 
in  advance. 


For  six 
Dollars  per 

annum 
in  advance. 


AMXBICAH  JOXrSKAL  OF  THE  MEDICAL  SCIEirCES. 
Edited  by  Isaac  Hays,  M.D.,  published  quarterly,  about 
1100  large  8vo.  pages  per  annum, 
MEDICAL  HEWS  AKD  LIBEABT,  monthly,  384  large 
8vo.  pages  per  annum, 

OR, 

AMEBICAH  JOUEHAL  OF  THE  MEDICAL  8CIEHCE8, 1 
Quarterly, 
MEDICAL  KEW8  AKD  UBBABY,  monthly, 
EANKIHGPB  HALF-YEABLY   ABSTRACT  OF  THE 
MEDICAL  BCIEirCES.    2  vols,  a  year,  of  about  300 
pages  each. 
In  all,  over  2000  large  8vo.  pages  per  annum, 

ABSTRACT,  RAHKIN0*8  HALF-YEARLY,  per  volume,  $1  50 ;  per 
annum,  $2  60. 
ALLEN  (J.  M.)  THE  PRACTICAL  ANATOMIST;  or.  The  Student's 
Guide  in  the  Dissecting  Room.     With  266  illustrations.     1  vol. 
royal  12mo.,  over  600  pages,  cloth,  $2. 

A8HT0K  (T.  J.)  ON  THE  DISEASES,  INJURIES,  AND  MALFOR- 
MATIONS  of  THE  RECTUM  AND  ANUS.  With  remarks  on 
Habitual  Constipation.  Second  American  from  the  fourth  London 
edition,  with  illustrations.    1  vol.  8vo.  of  about  300  pp.,  cloth,  $3  25. 

ABEL  AKD  BLOXAM'8  HANDBOOK  OF  CHEMISTRY,  THEORE- 
.  TICAL,  PRACTICAL.  AND  TECHNICAL.    With  illustrations.     1 
vol.  8vo.  of  662  pages,  cloth,  $4  50. 

ARKOTT  (NEIL).  ELEMENTS  OF  PHYSICS  ;  or.  Natural  Philo- 
80PHT,  General  and  Medical.  1  vol.  8vo.,  with  illustrations, 
cloth,  $2  25. 

A8HWELL  (SAMUEL).  A  PRACTICAL  TREATISE  ON  THE  DIS- 
EASES  OF  WOMEN.  Third  American  from  the  third  London  edi- 
tion. In  one  8vo.  vol.  of  528  pages,  cloth,  $3  50. 
BBINTOK  (WXLUAM).  LECTURES  ON  THE  DISEASES  OF  THE 
STOMACH ;  with  an  introduction  on  its  Anatomy  and  Physiology. 
From  the  second  London  edition,  with  illustrations.  1  vol.  8vo.  of 
about  300  pages,  doth,  $3  25. 

BEABDE  (WM.  T.),  AKD  ALFRED  S.  TAYLOR.  CHEMISTRY. 
Second  American  edition,  thoroughly  revised  by  Dr.  Taylor.  In 
one  large  and  handsome  octavo  volume,  extra  cloth,  $5 ;  leather,  $6. 
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TE5SBEAL  DISEASES.    Isoladlat  the  rcfulti  of  noMt  ioTMtS. 
hytcv    Aacvaaai 
1  Vri.  St«..  of  I49  p^M.  elolh.  $5. 


f■t9^&ff  vpn  ik*  nbitet.    A  mw  and  raviMd  •diUoOy  with  iUoitn- 


BWmnU3   T.  l.>   THE  PATHOLOGY  AND  TR8ATMENT  OF 
TE!nLESAL  DISEASES.     iMlvdin*  *hm  rMnlta  t%e  ««mma  l»«.^. 
Ami 

I CfULLBBIXE'S ATlSsOF VENEREAL.   Sm •Cullbsub.' 

BVCXXXLL  J.  C.y  AID  DAHIEL  X.  TUIX.  A  MANUAL  OF 
PSYCHOLOGICAL  MEDICINB.  Cont^ning  thm  Hirtory,  Nof. 
c4«^,  DwrriFiceia.  Stttirtiet,  DiasBeffb^  Pmthologj,  and  TrMtaunt 
«f  iMftsirr.    Willi  a  PlaU.     I  toI.  8to.,  of  536  pogot.  eloth,  $4  25. 

BABCLAT  lA.  W.y  A  MANUAL  OF  MEDICAL  DIAGNOSIS;  Uiog 
BB  Ajttlrnf  of  th*  SigBf  BBd  Sjaptomi  of  IHmbm.  Third  AmorieaB 
fnm  tk*  MC«Bi  r«Tucd  LoadoB  •dUiOB.  1  toL  Sto.,  of  451  dbbm, 
eJoih.  #3  5#. 

BENNXT  {HSNET>.  A  PRACTICAL  TREATISE  ON  INFLAMMA- 
TIOX  OF  THK  rXKRUS,  ITS  CERVIX  AND  APPENDAGES. 
AND  ON  ITS  COXXKCTION  WITH  UTERINE  DISEASE.  Sixth 
AserioM.  frv  a  iht  foarth  aad  roHttd  English  oditioB.  1  toI.  8vo., 
of  aK»at  5iV  p*$«#.  cloth.  $3  75. 

A  REVIEW  OF  THE  PRESENT  STATE  OF  UTERINE  PA- 

THOLOOT.     1  fmall  toI.  Sto.,  eloth,  50  cents. 

BARLOW  (GEORGE  H.)  A  MANUAL  OF  THE  PRACTICE  OF 
MEDICIXE.  With  BdditloBi  hy  D.  F.  CoBdio,  M.D.  1  toI.  8to., 
of  orer  600  pegv*,  cloth,  $3  56. 

BROWN  (ISAAC  BAKER).  ON  SOME  DISEASES  OF  WOMEN 
ADMITTING  OF  SURGICAL  TREATMENT.  With  lUostnUons. 
1  Tol.  Sro.,  of  276  pag«9.  cloth,  $1  60. 

BROWNE  (R.  W.>  A  HISTORY  OF  GREEK  CLASSICAL  LITERA- 
TURE.  Second  American,  from  a  rtriseU  English  edition.  1  vol. 
crown  Sto..  of  about  500  pages,  cloth,  $1  90. 

A  HISTORY  OF  ROM.\N  CLASSICAL  LITERATURE.    Second 

American,  from  a  reriseii  English  edition.  1  toI.  crown  8vo.,  uf 
about  bOO  page»,  cloth.  $1  90. 

BAIRD  (RORERT).  IMPRESSIONS  AND  EXPERIENCES  OF  THE 
WEST  INDIES  AND  UNITED  STATES.  1  toI.  royal  12mo.,  cloth, 
75  cents. 

BUDD  (GEORGE).  ON  DISEASES  OF  THE  LIVER.  Third  American, 
from  the  third  and  entargrcd  London  edition.  With  four  colored 
plates  and  numerous  wood-cuts.     1  toI.  8to.,  of  500  pages,  cloth,  $4. 

BUCKLER  (THOMAS  H.)  ON  FIBRO-BRONCUITIS  AND  RHEU- 
MATIC PNEUMONIA.  1  vol.  8to.,  of  150  pages,  cloth.  $1  25. 
BOWMAN  (JOHN  S.)  A  PRACTICAL  HAND-BOOK  OF  MEDICAL 
CHEMISTRY.  Edited  by  C.  L.  Bloxam.  Fourth  American,  from 
the  fourth  and  revised  London  edition.  With  numerous  illustra- 
tions.    1  Tol.  royal  12mo.  of  350  pages,  cloth,  $2  25. 

INTRODUCTION  TO  PRACTICAL  CHEMISTRY.  INCLUDING 

ANALYSIS.  Edited  by  C.  L.  Blozam.  Fourth  American,  from 
the  fifth  and  revised  London  edition,  with  numerous  illustrations. 
1  vol.  royal  12mo.  of  350  pages,  cloth,  $2  25. 

BRODIE  (SIR  BENJAMIN).  CLINICAL  LECTURES  ON  SURGERY. 
1  vol.  8vo.,  of  350  pages,  cloth,  $1  25. 
CHAMBERS  (T.  K.)  THE  INDIGESTIONS .  OR,  DISEASES  OF  THE 
DIGESTIVE  ORGANS  FUNCTIONALLY  TREATED.  Second 
American,  from  the  second  and  enlarged  London  edition.  1  vol. 
8vo.,  of  over  300  pages,  cloth,  $3  00. 

C^LOMBAT  DE  LI8ERE.  THE  DISEASES  OF  FEMALES.  Trans- 
lated  by  Charles  D.  Meigs,  M.D.  Second  edition,  with  numerous 
illu<(trations.     1  vol.  8vo.,  of  720  pages,  cloth,  $3  75. 


HENRY  C.  LEA'S  PUBLICATIONS. 


CABPEKTEB  (WX.  B.)  PRINCIPLES  OP  HUMAN  PflYSIOLOGT, 
WITH  THEIR  CHIEF  APPLICATIONS  TO  PSYCHOLOGY.  PA- 
THOLOGY. THERAPEUTICS,  HYGIENE,  AND  FORENSIC 
MEDICINE.  A  new  American  edition  edited  by  Franois  G.  Smith, 
M.D.  With  nearly  300  illustrations.  In  one  large  toI.  8to.,  of 
nearly  900  closely  printed  pages,  cloth,  $6  50;  leather,  raised 
bands,  $6  50. 

PRINCIPLES  OF  COMPARATIVE  PHYSIOLOGY.    New  Ameri- 

can,  from  the  fourth  and  rcTised  London  edition.     With  over  300 
beaatifal  illastrations.     1  toI.  8to.,  of  752  pages,  cloth,  $5  00. 
-  THE  MICROSCOPE  AND  ITS  REVELATIONS.   With  an  Appen. 


dix  containing  the  applications  of  the  Microscope  to  Clinical  Medi- 
cine, by  Franois  G.  Smith,  M.D.  With  434  handsome  illustrations. 
1  Tol.  8vo.,  of  724  pages,  cloth,  $5  25. 

PRIZE  ESSAY  ON  THE  USE  OF  ALCOHOLIC  LIQUORS  IN 


HEALTH  AND  DISEASE.    New  edition,  with  a  Preface  by  D.  F. 
Condie,  M.D.     1  vol.  12mo.  of  178  pages,  cloth,  60  cents. 

CARSON  (JOSEPH) .  A  SYNOPSIS  OF  THE  COURSE  OF  LECTURES 
ON  MATERIA  MEDICA  AND  PHARMACY,  deliTcred  in  the  Uni- 
versity  of  Pennsylvania.  Fourth  and  revised  edition.  1  vol.  8to., 
extra  cloth.  $3  00.     {Just  issued,) 

CHRI8TI80N  (ROBERT.)  DISPENSATORY  OR  COMBfENTARY  ON 
THE  PHARMACOPCEIAS  OF  GREAT  BRITAIN  AND  THE 
UNITED  STATES.  With  a  Supplement  by  R.  E.  Griffith.  In  one 
870.  vol.  of  over  1000  pages,  containing  218  illustrations,  extra 
cloth,  $4  00. 

CHURCHILL  (FLEETWOOD).  ON  THE  THEORY  AND  PRACTICE 
OF  MIDWIFERY.  A  new  American  from  the  fourth  revised  Lon- 
don  edition.  With  notes  and  additions  by  D.  Francis  Condie,  M.D. 
With  about  200  illustrations.  In  one  handsome  8vo.  vol.  of  nearly 
700  pages,  extra  cloth,  $4  00 ;  leather,  $5  00. 

ON  THE  DISEASES  OF  WOMEN  :  INCLUDING  THOSE  OF 

PREGNANCY  AND  CHILDBED.     A   new  American  edition  re- 
vised  by  the  author.    With  notes  and  additions  by  D.  Francis  Condie, 
M.D.     In  one  large  and   handsome  8vo.  vol.  of  768  pages,  with 
numerous  illustrations,  extra  cloth,  $4  00 ;  leather,  $5  00. 
.  ESSAYS  ON  THE  PUERPERAL  FEVER.  AND  OTHER  DIS- 


EASES  PECULIAR  TO  WOMEN.     In  one  neat  octavo  vol.  of  about 
450  pages,  extra  cloth,  $2  50. 
pLYMER  ON  FEVERS.    In  one  8vo.  vol.  of  600  pages,  leather,  $1  75. 

CONDIE  (D.  FRANCIS).  A  PRACTICAL  TREATISE  ON  THE  DIS- 
EASES  OF  CHILDREN.  Sixth  edition,  revised  and  enlarged.  In 
one  large  octavo  volume  of  nearly  800  pages,  extra  cloth,  $5  25  ; 
leather,  $6  25.     (Just  issued.) 

C)OPER  (B.  B.)  LECTURES  ON  THE  PRINCIPLES  AND  PRAC- 
TICE OF  SURGBRY.  In  one  large  8vo.  rol.  of  750  pages,  extra 
cloth,  $2  00. 

CURLING  (T.  B.)  A  PRACTICAL  TREATISE  ON  DISEASES  OF 
THE  TESTIS,  SPERMATIC  CORD,  AND  SCROTUM.  1  rol.  8vo. 
of  420  pages,  extra  cloth,  $2  00. 

CULLERISB  (A.)  AN  ATLAS  OF  VENEREAL  DISEASES.  Trans- 
lated and  edited  by  Frbbm  an  J.  Bum  stead,  M.D.  A  large  imperial 
quarto  volume,  with  26  plates  containing  about  150  figures,  beauti- 
fully  colored,  many  of  them  the  site  of  life.  In  five  parts,  price  per 
part,  $3  00. 

Same  Work,  complete  in  one  volume  4to. ,  extra  cloth,  $17  00.  {Now 

ready.) 


HENRY  C.  LKAVS  PUBLICATIONS. 


07CLOF7DIA  OF  FBACTICAL  MEDIGDfS.  By  Dnnirlboo,  Fori 
Tweedie,  fttid  ConoTly.  Iq  four  large  laper  royal  octavo  toIuibq** 
3254  double-coUinned  |mge«,  teatber,  railed  baods,  f  15  ;  cxlra  eloi 
$11 

CAMPBELL'S  LIVES  OF  LORDS  KENYON»  ELLENBOROUaH^  AND 
TENTERBEN.  Being  thd  third  volume  of  **  Campb«U'a  LIvm  of^ 
iho  Chief  Justices  of  England.'*    In  otie  crown  octavo  vol.t  cloth, 

DAITOH  (J.  C.)     A  TREATISE  ON  HUMAN  PIITSIOLOaY.    Foui 
edition,  revised,  witli  Dearly  300  ilEustratioua  oo  wood.     Id  one  vei, 
hnndEionie  octavo  volume  of  about  700  pagea,  extra  cloth,   $5  2^ 
leather,  $fi  25, 
TIE  JONGH,  ON  THE  THREE  KINDS  OF  COD-LIVER  OIL.     1  small 


ND 
lallH 


12mo.  voK,  76  cents 

DEWEES  (W.  P)  A  TREATISE  ON  THE  DISEASES  OP  FEMALES. 
With  illustration.     In  one  8vo.  vol.  of  S>36  pA|B^8»  extra  cloth,  |J. 

A  COMPREHENSIVE   SYSTEM  OF   MIDWIFERY-     In  one 

octavo  volume  of  600  pagei,  with  plates,  extra  cloth,  $3  50. 
™A  TREATISE  ON  THE  PHYSICAL  AND  MEDICAL  TREAT- 
MENT OF  CHILDREN.     In  one  oetftvo  valaiue  of  643  pagva,  extr« 
cloth,  |2  SO. 

DICKSON  (S.  H.)     ELEMENTS  OF  MEDICINE.    Second  eaiUon, 
vised.     1  v»L  8vo.,  of  750  pages,  extra  cloth,  $4. 
DEHITT  (ROBERT).     THE  PRINCIPLES  AND  PRACTICE  OF  MO 
X>ERN  SUROERY.     A  revised  American,  from  the  eighth  Londoi 
edition.     Illnatrated  with  432  wood  ongraviage.     In  one  han4jom#1 
8to.   tuL  of  nearly  7430  large  and  cloaely  printed   pAga«,   aztm' 
cloth,  $4;  leather,  $5. 

DUNGLISON  <ROBLET),  MEDICAL  LEXICON;  •  Dictionary  of 
Medical  Science.  Containing  a  oonolie  axplanation  of  the  variona 
Rubjects  and  ti^rma  of  Anatomy,  Phyilology,  PaLholo^,  Hygieaa, 
Therapeutics,  Pharmacology,  Pharmacy,  Surgrery,  Obitetricf,  --  — 
Jurisprudence,  and  Dentietry.  Notices  of  Climate  and  of  i 
Waters  ,*  Formulic  for  Officinal,  Empirical,  and  Dietetio  Prepan 
with  the  aQoeutnation  and  Etymology  of  the  Term*,  and  the  ] 
and  other  Synouymes;  fo  as  to  constitute  a  French  aa  well  a^  f 
Medical  Lexicon.  In  one  very  large  royal  8vo.  vol.  nf  104ef 
columned  pagea,  in  email  type ;  ilrongly  bound  in  cloth,  $6  ;  teiti 
raised  bandi,  $6  75, 

HUMAN   PUYSIOLOaY.     Eighth   edition,  thoroughly  revia 

In  two  large  Hvo.  vols,  of  about  1500  pages,  with  532  illuftrationi^ 
extra  cloth,  f  7. 

NEW  REMEDIES,  WITH  FORMULA  FOR  THEIR  PREPARA^ 

TION  AND  ADMINISTRATION,     Seventh  edition.     In  one  ve^ 
large  8vo.  vol.  of  7T0  pngee,  extra  cloth,  $4. 

TIE  LA  BACHE'S  GEOLOGICAL  OBSERVER.     In  one  large  8t«.  i 

^    of  700  pnges,  with  300  illu^trfttioaa,  cloth,  |4- 

DON  dUIXOTE  BE  LA  MANCHA.   Translated  by  Chat.  Jarrii,  Bii|,gj 
with  illtiAtrattone  by  Tony  Johannot,      In  two  handj^ome  voU.  ervn 
8vo.,  faucy  cloth,  $3 ;   plain  cloth,  $2  50 ;    library  eheep,  $3  3(^ 
half  raorocco,  $3  70. 

DANA  aAMES  D,)  THE  STRUCTURE  AND  CLASSIFICATION  OF 
ZOOPHYTES.  With  illastratioDS  on  wood.  In  one  imperial  ito.  v«L» 
clath,  $4  00. 

ELLIS  (BENJAIQH),  THE  MEDICAL  FORMULARY.  Being  a 
coltection  of  pfe^eriptions  derived  from  the  writringf  and  practice  of 
the  most  emitiont  pbyMicmnR  of  America  and  Europe^  Twelfth  edi- 
tion, carefully  revised  by  A.  II.  Smith,  M.  D.  In  one  8to. 
of  374  pagei,  extra  oMbi  $3.     {Now  rmdf,} 


1 


HENRY  C.  LEA'S  PUBLICATIONS. 


EaiCHSEK  (JOHN).  THE  SCIENCE  AND  ART  OF  SURGERY. 
A  new  and  improved  Amerioan,  from  the  seeond  enlarged  and  re- 
vised London  edition.  Illostrated  with  over  400  engravings  on 
wood.  In  one  large  8vo.  vol.  of  1000  closely  printed  pages,  extra 
oloth,  $6 ;  leather,  raised  bands,  $7. 

ON  RAILWAY  AND  OTHER  INJURIES  OP  THE  NERVOUS 

SYSTEM.     In  one  small  8vo.  vol.,  extra  oloth,  $1. 

F CYCLOPEDIA  AMEBICAHA.    Complete  in  U  large  8vo.  vols. 
Containing  nearly  9000  double  columned  pages,  cloth,  $22. 
ENCYCLOP£DIA  OF  OEOGBAFHY.    In  three  large  Svo.  vols.    Illus- 
trated with  83  maps  and  about  1100  wood-cuts,  cloth,  $6. 
FISKE  FUND  PRIZE  ESSAYS  ON  TUBERCULOUS  DISEASE.    In 
one  small  8vo.  vol.,  cloth,  $1. 
FLINT   (AUSTIN).    A    TREATISE   ON   THE   PRINCIPLES   AND 
PRACTICE  OF  MEDICINE.    Third  edition,  thoroughly  revit«d  and 
enlarged.     In  one  large  8vo.  volume  of  1002  pages,  extra  dolh,  $6 ; 
leather,  raised  bands,  $7.       {Now  ready.) 

A  PRACTICAL  TREATISE.  ON  THE  PHYSICAL  EXPLORA- 
TION OF  THE  CHEST,  AND  THE  DIAGNOSIS  OF  DISEASES 
AFFECTING  THE  RESPIRATORY  ORGANS.  Second  and  re- 
vised edition.     One  Svo.  vol.  of  605  pages,  cloth,  $4  60.  {Just  issued. ) 

A  PRACTICAL  TREATISE  ON  THE  DIAGNOSIS  AND  TREAT- 
MENT OF  DISEASES  OF  THE  HEART.  In  one  neat  8vo.  vol. 
of  nearly  600  pages,  extra  cloth,  $3  60. 

FOWNE  (GEORGE).    A  MANUAL  OF  ELEMENTARY  CHEMISTRY. 
With  197  illustrations.     In  one  royal  12mo.  vol.  of  600  pages,  extra 
cloth,  $2  ;  leather,  $2  60. 
pULLER  (HENRY).    ON   DISEASES  OF  THE  LUNGS  AND  AIR 
•L      PASSAGES.     Their  Pathology,  Physical  Diagnosis,  Symptoms  and 
Treatment.    From  the  second  English  edition.     In  one  8vo.  vol. 
of  about  600  pages,  extra  cloth,  $3  60.     {Jusi  issued.) 
PLETCHER'S  NOTES  FROM  NINEVEH,  AND  TRAVELS  IN  MESO- 
•L     POTAMIA,  ASSYRIA,  ANDSYRIA.  In  one  12mo.  vol.,  cloth,  76cts. 

GARDNER'S  MEDICAL  CHEMISTRY.  In  one  12mo.  vol.  of  396  pages, 
cloth,  $1. 
GLUGE  (CWTTUEB).  ATLAS  OF  PATHOLOGICAL  HISTOLOGY. 
Translated  by  Joseph  Leidy,  M.D.,  Professor  of  Anatomy  in  the 
University  of  Pennsylvania,  Ac.  In  one  vol.  imperial  quarto,  with 
320  copper  plate  figures,  plain  and  colored,  extra  cloth,  $4* 

aRAHAX  (THOMAS).  THE  ELEMENTS  OF  INORGANIC  CHEMIS- 
TRY,  INCLUDING  THE  APPLICATION  OF  THE  SCIENCE  IN 
THE  ARTS.  A  new  and  enlarged  edition  by  H.  Watts  and  Robert 
Bridges,  M.D.  In  one  Svo.  vol.,  of  over  800  pages,  with  282  wood- 
cuts, extra  cloth,  $6  60. 
GIBSON'S  INSTITUTES  AND  PRACTICE  OF  SURGERY.  In  two  Svo 
vols,  of  about  1000  pages,  leather,  $6  50. 
GRAY  (HENRY).  ANATOMY,  DESCRIPTIVE  AND  SURGICAL. 
Second  American,  from  the  second  revised  London  edition.  In  one 
large  imperial  Svo.  vol.  of  over  800  pages,  with  388  large  and  elabo- 
rate engravings  on  wood.  Extra  cloth,  $6 ;  leather,  raised  bands,  $7. 
GRIFFITH  (ROBERT  E.)  A  UNIVERSAL  FORMULARY,  CON- 
TAINING  THE  METHODS  OF  PREPARING  AND  ADMINISTER- 
ING OFFICINAL  AND  OTHER  MEDICINES.  In  one  large  Svo. 
vol.  of  660  pages,  double  columns,  extra  cloth,  $4 ;  leather,  $5. 

GUIZOrS  HISTORY  OF  OLIVER  CROMWELL.    In  two  royal  ]2mo. 
vols.    ConUiining  900  pnges.  cloth,  $2. 


UKNRY  C,  LKA'8  PUBLIC  ATI  DXS. 


nnOU  (SAWTBL  no     A  BYSTEM  *>F  SURGERY,  PATSO 

M^DIAGNOSTIC,  TlfERAPEI  O  OPERATIVE. 

by  ov«r   1300   cngraringf.  lion,  r<>vi*««l  And 

In  two  liirg»  roynl  8to.  toIs.  u,  -^,  .  t-g©«t  stronglj  l^oofid  4 
riLiieil  bands.  $15. 

A  PRACTICAL  TREATISE  ON  THE  DISEASES.  TM 

AND  MALFORMATIONS  OF  THE  URINARY  BLADDI 
PUOSTATE  GLAND,  AND  THE  URETHRA,  Second 
with  l^i  iltuJtrnttons.  Doe  large  Bvo.  to),  of  over  iM 
Mtra  cloth,  ft. 

A   PRACTICAL  TRE.\TISE  0!^  FOREIGN    B0DIK8 

AIR  PASSAGES.    In  one  8ro.  voL  of  468  pug**.     Kitra  elot 
ELEMENTS  OF  PATllOLOOICAL  ANATOMY.     ThiH 


aboot 


In  one  large  8yo.  vol.  of  D«arlj  &00  pagts,  wilh  about  ^5| 
lions,  extra  ctotbi  $4. 

HAHTSHORKS  (HENBY).  ESSENTIALS  OF  THE  PRII 
AND  PRACTICE  OF  MEDICINE.  Second  and  rerbed  »di 
nnc  \'2uni.  TuL  of  about  450  pagvf,  cloth,  $2  SB}   half  bona 

HAETBHORNE    (HEHRY).      CONSPECTUS     OF     TH: 
SCiENCKS.     Comprising  Manuals  of  Aoatomj,  Phyii 
try,  Mnlerta  MeUica,  Practice  of  Medicine,  Surgery, 
Xn  one  royal  12ino.  volume  of  over  1090  pages,  with  ab« 
iratbni.     Strongly  bound  in  leather*  $5  25  ;  extra  cloth,  | 

-MANUAL OP  ANATOMY  AND  PHYSIOLOGY.    OneToli 

12mo  ,  oloLb,  $1  76. 

HABEESHOK  (8.0.)  PATllOLOOICAL  A^^^n  pt?  a  rrm,  j^oB 
TIONS  ON  DISEASES  OF  THE  AL  vNAj 

PlI AGUS.  STOMACH,  C JvCUM,  ANi'  In. 

Tf)L  of  312  pagef,  extra  cloth,  $3  50. 

HUDSOH  (A  )  LECTURES  ON  THE  STUDY  OF  FEVER, 
Rvo,  316  pages,  cloth,  $2  50,  {Nqw  rtmiy  ) 
HAMILTON  (FRANK  H.)  A  PRACTICAL  TREATISE  0| 
TURKS  AND  DISLOCATIONS.  Third  edition,  revi»ed. 
handgome  Bvo.  vol.  of  T77  {Migflfl,  with  294  lllualratiQ^ 
cloth.  |5  75, 

HARRISON'S  ESSAY   TOWARD  A   CORRECT   THEORY  < 
NERVOUS  SYSTEM.     In  one  toL  Svo.  of  292  pa-^-*,  floTlS 
HOBLYN  fEICHARD  D,)     A  DICTIONARY  OF  T^  fj 

IN   MEDICINE  AND  THE   COLLATERAL  S« 
12mo.    voL    of    over    500    double   ooluinned    p»g»^ 
It^Ather,  $2. 
TTODGE  (HUGH  L)     ON  DISEASES  PECULIAR  TO 
J-L    CLUDtNfi   DISPLACEMENTS  OF  THE   UTERUS.     S*. 
^  revised  erJition*     In  one  8vo.  volume,  c)otb,  $4  50,    (JTi 

THE  PRINCIPLES  AND  PRACTICE  OF  OBSTETRIC! 

trritcd  with  Inrge  lichograpbio  plat«A  containing 
original  photographu,  and  wilh  numeroux  wood-cula. 
qnnrto  vol.  of  550  doublc^colttmoed  pagei.  Strongly 
clolh,  $14. 

TTOLLAND  (SIB  HENRY).    MEDICAL  NOTES  AND 
Li.    From  the  third  Engllih  edition.    In  one  8vo.  vol.  of 

extra  eJoth,  $3  50, 
rrODGES  (RICHARD  M)    PRACTICAL  DISSECTIONS 
AA   tjon.     la  one  neat  royul  l2mo.  vol.,  half  bo«od,  $2, 
-CTCJOHES'    SCRIPTURE    GEOGRAPHY    AND    HISTORY, 
Ai.  ooloted  ma^.    li\  I  voL  Umo,,  cloth,  $1. 
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TTOBHEB  (WILLIAX  E.).  SPECIAL  ANATOMY  AND  HISTOLOGY. 
IL  Eighth  edition,  reyised  and  modified.     In  two  large  8to.  toIs.  of  oTer 

1000  pages,  containing  300  wood-cuts,  extra  cloth,  $6. 
TTnX  (BEBKELSY).     SYPHILIS  AND  LOCAL  CONTAGIOUS  DIS- 
•LL   ORDERS.  In  one  8yo.  volume  of  467  pages,  extra  cloth,  $3  26.    {Now 

ready.) 
TTILLIEB  (THOMAS).    HAND  BOOK  OF  SKIN  DISEASES.    In  one 
•^  neat  12mo.  toI.  of  about  300  pages,  with  two  plates,  extra  cloth, 

$2  26. 

HALL  (KBS.  M.)  LIVES  OF  THE  QUEENS  OF  ENGLAND  BEFORE 
THE  NORMAN  CONQUEST.  In  one  handsome  8ro.  vol.,  cloth, 
$2  25 ;  crimson  cloth,  $2  50  ;  half  morocco,  $3. 

TONES  (C.  HAHBFIELD) ,  AND  8IEVEKIHG  (E.  B.  H.)     A  ICANU AL 
U      OF  PATHOLOGICAL  ANATOMY.     In  one  large  Svo.  Tol.  of  nearly 
750  pages,  with  397  illustrations,  extra  cloth,  $3  50. 

JONES  (C.  HANBFIELB).  CLINICAL  OBSERVATIONS  ON  FUNC- 
TIONAL NERVOUS  DISORDERS.     Second  American  Edition.     In 

one  Svo.  vol.  of  348  pages,  extra  cloth,  $3  25. 
ITIRKES  (WILLIAM  SENHOUSE).    A  MANUAL  OF  PHYSIOLOGY. 
^   From  the  third  London  edition,  with  200  illustrations.     In  one  large 

12mo.  vol  of  586  pages,  cloth,  $2  26;  leather,  $2  75. 
XTNAPP  (F.)     TECHNOLOGY ;  OR  CHEMISTRY  APPLIED  TO  THE 
i^    ARTS  AND  TO  MANUFACTURES,  with  American  additions,  by 

Prof  Walter  R.  Johnson.    In  two  8to.  toIs:,  with  500  illustrations, 

cloth,  $6. 

XTENNEBY'S  MEMOIRS  OF  THE  LIFE  OP  WILLIAM  WIRT.    In 
•^    two  vols.  12mo.,  cloth,  $2. 

LEA  (HENBY  C.)  SUPERSTITION  AND  FORCE ;  ESSAYS  ON  THE 
WAGER  OF  LAW,  THE  WAGER  OF  BATTLE,  THE  ORDEAL, 
AND  TORTURE.  In  one  handsome  royal  12mo.  vol.  of  406  pages, 
extra  cloth,  $2  50. 

LALLEMANB  (M.)  AND  WILSON  (KARRIS).  A  PRACTICAL 
TREATISE  ON  THE  CAUSES,  SYMPTOMS,  AND  TREATMENT 
OF  SPERMATORRHCEA.  Translated  and  edited  by  Henry  J. 
McDougall.     Fifth  American  edition.     To  which  is  added  ON 

DISEASES  OF  THE  VESICUL^  SBMINALES.  With  special  re- 
ference to  the  Morbid  Secretions  of  the  Prostatic  and  Urethral 
Mucous  Membrane.  By  Marris  Wilson,  M.  D.  In  one  neat  octavo 
volume,  of  about  400  pages,  extra  cloth,  $2  75. 

LA  BOCHE  (R.)  YELLOW  FEVER  IN  ITS  HISTORICAL,  PATHO- 
LOGICAL.  ETIOLOGICAL,  AND  THERAPEUTICAL  RELA- 
TIONS.  In  two  8vo.  vols,  of  nearly  1500  pages,  extra  cloth,  $7. 
PNEUMONIA,  ITS  SUPPOSED  CONNECTION,  PATHOLO- 
GICAL AND  ETIOLOGICAL,  WITH  AUTUMNAL  FEVERS.  In 
one  8vo.  vol.  of  500  pages,  extra  cloth,  $3. 

LAUBENCE  (J.  Z.)  AND  MOON  (ROBEBT  C.)  A  HANDY  BOOK 
OF  OPHTHALMIC  SURGERY.  With  numerous  illustrations.  In 
one  8vo.  vol.,  extra  cloth,  $2  50.    (Just  issued,) 

LEHMANN  (C.  0.)  PHYSIOLOGICAL  CHEMISTRY.  Translated  by 
I  George  F.  Day,  M.D.,  and  edited  by  R.  E.  Rogers,  M.  D.,  Prof,  of 
Chemistry,  in  the  University  of  Pennsylvania.  With  plates,  and  nearly 
200  illustrations.  In  two  large  8vo.  vols.,  containing  1200  pages, 
extra  cloth,  $6. 

A  MANUAL  OF  CHEMICAL  PHYSIOLOGY.     Translated  with 

notes  and  additions,  by  J.  Cheston  Morris,  M.  D.  With  an  Intro- 
ductory Essay  on  Vital  Force,  by  Prof.  Samuel  Jacknon.  In  one 
very  handsome  8vo.  vol.  of  336  pages,  extra  cloth,  $2  25. 
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LAWiov  <0BOBes).  mjVBim  or  ths  etb.  orbit,  aho  h 
^    LONI,  vitk  *b««t  Itt  lEBflfmtlofw.     Prom  ibe  Ia#t  Eof ti*k  t^tli 
la  oBft  lifiidMiM*  9f«.  TtL,  eztm  clatb,  $S  &0.     (J^tf  ijt«<M<^j 

LATOOCX   (raOMAS^,    LECTURES  OS   THK   PRfKCIPLKS   Jl 
'    MSTHODS  OF  MEDICAL  OBSERVATION  AKD  RESKABCO. 
OB*  l!lm«.  ToK,  extra  c1c»Lb,  $L 
TTTDLOW  <J.  Li     A   MAXtTAL  OP  EXAMIXATIO^fS  tTPOX  A3 
IJ    Ti  MY,  rnY*?I^LAOY.  SCRGERY,  PR ACTirE  OP  MEDICH 
HIA  MEDICA.  I  RY,  PHARMAC 

S-     To  whtcb  i  M^fcal  Frtrmo 

A.  ,. ^  r-i^i.  '^^      A. A  ^  lit)  rojal  12itto.  Viuri,  vt  uicf   600 
eloth,  fa  36  ;  leather,  $3  7S, 

LTOUB  (SOBEST  D,)     A  TREATISE  ON  FEVER,     In 
ToL  of  Ut  ipmgu,  eztrm  cloth,  $2  2i, 
LTSCS  (W,  r,)     A  NARRATIVE  OF  THE  UNTTEO  STATES  ] 
PEDITION  TO  THE  DEAD  SEA  AND  RIVER  JORDAN.     In  i 
large  Aod  huidAome  cxUto  vol.,  with  38  b«*iitifa]  ptei«s  uid  I 
eloth.  $3. 

Work,  eoitdeikacd  edition.     Oae  TOluxae  rojal  IStaMK,  c^ 
eloib,  $1,  I 

MARSHALL  iJOmO.  OUTLINES  OF  PHYSIOLOOY,  BtJir^ 
AND  COMPARATIVE.  With  Additioni  bj  FiiASfCis  O.  SmH 
M.  D,,  Professor  of  the  Inftitutea  of  Medicine  in  tbe  Uoivertitj' 
PeotuijlTaoui.  In  one  Syo,  Tolame  of  1026  pa^tf,  wilb  133  iUtuH 
tioDs.  Strongly  bound  in  leather,  rslaed  bandSf  $7  &0  {  extra  eJcil 
$6  dO.     (Jtur  iMwerf.}  < 

-(yrACLISE  (JOSEPH).     SURGICAL   ANATOMY.     In   one  lu-jce  I 

J^  perial  quarto  to!  ,  with  6S  Fplendid  |ilet«9,  beautifuHj  colored;  fi< 

iaiQing  190  figareg,  manj  of  them  life  iite»  extra  cIoth«  $tl.  ^ 

MALGAIGNFS  OPERATIVE  StTROERY.     With  nitmer<)tu  Ulnm 
tioD!.     In  one  8to,  toL  of  ne&rlj  600  pogen,  eloth^  $1  50. 
lUTAirtrALS  OP  BtOOD  AND  URINE.     Bj  Griffith,  R««m.  uid  ]i^ 
i''-  wiolt.     I  Tol.  12mo.  of  ifiQ  png«s,  extra  cloth,  f  I  26. 

MATNFS  DISPENSATORY  AND  THERAPEUTICAL  REMB] 
liRANCER.  Edited  by  R.  E.  Grimtb.  M.D,  La  one  l2mo.  tol,' 
about  300  page^p  extra  oloth^  76  cents. 

MACKENZIE  (WO  A  PRACTICAL  TREATISE  ON  DISEASES  At 
INJURIES  OF  TBE  EYE.  In  one  haadaome  8to.  toK  of  16^ 
pages,  with  platen  and  nameroiKr  wood-euta,  extra  cloth.  $t  &0.      i 

MEIGS  (CHAS.  D.)  OBSTETRICS,  THE  SCIENCE  AND  Tl 
Fifth  edition,  rerised,  with  UO  illustrationA.  In  one  b* 
printed  8vo.  vol.  of  760  pageB,  extra  ototb,  f  5  50 ;  leatherj 

^  WOMAN :  HER  DISEASES  AND  THEIR  REMEDIES.     Fknll 

and  improTed  edition.     In  one  large  Sro.  vol.  of  ^OTer  TOO 

extra  clotb,  $5  ,*  IeaLh«r,  $6. 
ON  THE  NATURE,  SIGNS,  AND  TREATMENT  OF  CEILD^B] 

FEVER      In  one  8vo.  roL  of  365  ^Age»,  extra  cloth,  $3* 
TU-fLLER  (HENRY).     PRINCIPLES  AND  PRACTICE  OP  OBSTEl 
-"-i  R!CS,  Ac.     In   one   very  handsome  8vo.  voL   of  orer  600  pa||t 

exLriL  olotb,  tS  75. 

ILLER  (JAMES?.    PRINCIPLES  OF  SURGERY.    Poartb  AmcneM 

fruin  the  third  Edinburgh  edition.  In  one  large  8vo.  toK  of  J\ 
|Miges,  with  2411  ill««trations»  extra  cloth,  $»  75. 

PRACTICE  OF  SURGERY.     Fonrth  Americi 


rEEAn 

erJ^H 


M 


hi«t  Edinburgh  csdiitnn. 


3fi4  illustratioR?,  vxtta  eltjth,  $:*  75 


one  large  8vo.  voL  of  700  pagj#,  will 
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lyroHTeoxERT  (W.  f.)    an  exposition  of  the  signs  and 

JlL  symptoms  of  PREONANOY.    From  the  seeond  English  edition. 
In  one  handsome  8ro.  toI.  of  nearly  600  pages,  extra  cloth,  $3  75. 
rOBLAHD  (W.  W.)  DISEASES  OF  THE  URINARY  ORGANS.   With 
•  lllnstrations.    In  one  handsome  8ro.  toI.  of  about  600  pages,  extra 
olotb,  $3  50. 

[OBLAHD  (W.  W.)  ON  THE  RETENTION  IN  THE  BLOOD  OF  THE 
ELEMENTS  OF  THE  URINARY  SECRETION.  In  one  toI.  8vo., 
extra  eloih,  75  cents. 
lUriLLWBIOHT'S  GITIDE.  By  Oliver  Evans.  Fourteenth  edition. 
JIXL  In  one  vol.  8vo.  with  numerous  plates,  extra  eloth,  $2  50. 
-|t/nnLEB  (J.)  PRINCIPLES  OF  PHYSICS  AND  METEOROLOGY. 
Jj^  In  one  large  8to.  vol.  with  550  wood-outs,  and  two  colored  plates, 
eloth,  $4  50. 

MIBABEAU;  A  LIFE  HISTORY.  In  one  royal  12mo.  vol.,  cloth, 
75  cents. 

MACFABLAHD'S  TURKEY  AND  ITS  DESTINY.    In  2  vols,  royal 
12mo.,  cloth,  $2. 
rABSH  (MSB.)     A  HISTORY  OF  THE  PROTESTANT  REFORMA- 
TION  IN  FRANCE.     In  2  vols,  royal  12mo.,  extra  cloth,  $2. 

LL  (JOHN)  Ain)  SMITH  (FRANCIS  O.)  COMPENDIUM  OF 
THE  VARIOUS  BRANCHES  OF  MEDICAL  SCIENCE.  In  one 
handsome  12mo.  vol.  of  about  1000  pages,  with  374  wood-cuts, 
extra  cloth,  $4 ;  leather,  raised  bands,  $4  75. 
ICrELIGAH  (J.  MOOBE).  A  PRACTICAL  TREATISE  ON  DISEASES 
1^  OF  THE  SKIN.  Fifth  American,  from  the  second  Dublin  edition. 
In  one  neat  royal  12mo.  vol.  of  462  pa^es,  extra  cloth,  $2  25. 

AN  ATLAS  OF  CUTANEOUS  DISEASES.     In  one  handsome 

quarto  vol.  with  beautifully  colored  plates,  Ac.,  extra  cloth,  $5  50. 
lOlEBUHB  (B.  0.)     LECTURES  ON    ANCIENT    HISTORY;    com- 
^     prising    the    history    of    the    Asiatic    Nations,    the    Egyptians, 
dreeks,  Macedonians,  and  Carthage nians.     Translated  by  Dr.  L. 
Schmiti.     In  three  neat  volumes,  crown  octavo,  cloth,  $5  00. 

PABBI8H  (EDWABD).  A  TREATISE  ON  PHARMACY.  With  many 
FormnlOB  and  Prescriptions.  Third  edition.  In  one  handsome  8vo. 
vol.  of  850  pages,  with  several  hundred  illustrations,  extra  cloth,  $5. 

PEA8LEE  (E.  B.)  HUMAN  HISTOLOGY  IN  ITS  RELATIONS  TO 
ANATOMY,  PHYSIOLOGY,  AND  PATHOLOGY.  With  434  illus- 
trations.     In  one  8vo.  vol.  of  600  pages,  extra  cloth,  $3  75. 

PIBBIE  (WULlAlf )  THE  PRINCIPLES  AND  PRACTICE  OF  SUR- 
GERY. In  one  handsome  octavo  volume  of  780  pages,  with  316 
illustrations,  extra  cloth,  $3  75. 

PEBEIBA  (JONATHAN).  MATERIA  MEDICA  AND  THERAPEU- 
TICS. An  abridged  edition  of  the  late  Dr.  Pereira's  "Elements  of 
Materia  Medica.'^  With  numerous  additions  and  references  to  the 
United  States  Pharmacopoeia.  In  one  large  octavo  volume,  of  1040 
pages,  with  236  illustrations,  extra  cloth  $7 ;  leather,  raised  bands,  $8. 

PmSZXTB  MEMOIRS  OF  AN  HUNGARIAN  LADY.  In  one  neat 
royal  12mo.  vol.,  extra  cloth,  $1. 

pAOET'S  HUNGARY  AND  TRANSYLVANIA.     In  two  royal  12mo. 
•L     Tols.,  cloth,  $2. 

E0BEBT8  (WILLIAV).  A  PRACTICAL  TREATISE  ON  URINARY 
AND  RENAL  DISEASES.  With  numerous  illuatrations.  In  one 
very  handsome  8vo.  vol.  of  516  pages,  extra  cloth,  $4  50. 

ROTLE  (J.  F0BBS8).  MATERIA  MEDICA  AND  THERAPEUTICS. 
Edited  by  Jos.  Carson,  M.  D.  In  one  large  8vo.  vol.  of  about  7U0 
pages,  with  98  illustrations,  extra  cloth,  $3. 
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RAM8B0THA1I   (FEAWIB  H.)     THE   PntXCirLES  A5'r> 
TICE  OF  OBSTETRIC  MEDICINE  A"  KHY.     In 

Itortal  8vo.  vol.  of  (550  iifiire^,  with  64  pt  ,  num«n>ei  VW 

cuts  ID  tbo  t«xi.     StroDgJy  bouij^i  ia  leniut-r   ^*. 

RIGBY  (EBWAUD).  TOE  COKSTITUTIONAL  TREATMKXT 
FEMALE  DISEASES.  lo  one  nen-i  rojal  12mo.  vaL  of  fcboat 
pp.,  extra  cloth.  $1. 

A  SYSTEM  OF  MIDWIFERY.     Soeond  Ameriewj  ediUofl. 

one  handsome  8to«  toI.  c»f  422  pages,  extra  oloth.  $2  b0, 

ROKITAFSKY  (CAKL).  A  MANUAL  OF  PATHOLOGICAL  AW 
TOMY.  Translated  bj  W.  £,  Swaine,  Edwanl  Sier«ktD^.  C 
Moore,  and  G.  B.  Daj.  Four  yoIa.  Sro.,  bound  ia  two.  About  lH 
pages,  extra  cloth,  $7  &0. 

RAHKE'S  HISTORY  OF  THE  TURKISH  AND  SPANISH  EMPIBl 
in  ih9  Kith  and  beginning  of  17th  Ceoturj.  In  one  8ro.  rolvd 
paper,  25  ct«. 

HISTORY  OF  THE  REFORMATION  IN  GEKMANY.     P«ti 

IL  III.     In  one  voK,  extra  cloth,  $1. 

SARGENT  (F.  W.)  ON  BANDAGING  AND  OTHER  OPERATIOH 
OF  MINOR  SURGERY.  New  editios,  with  an  addiUonal  «hapli 
on  Military  Sar^r;.  In  one  handsome  royal  t2mo.  vol.  of  oeeii 
4W  {itigeSf  with  184  wood-cuia,  extra  etoth,  il  7^. 

SMITH  (LEWIS  1 )  A  TREATISE  ON  THE  DISEASES  OP  H 
FANCY  AND  CHILDHOOD.  A  New  Work,  now  ready.  In  04 
]arg«i  Sto.  Ttjlame  of  020  pagea,  strongly  bound  m  leatb«r,  $$  71 
extra  oloth,  $4  75. 

SHARPEY    (WILLIAr)    AND    QJIAIR   (JONES  AHB 
HUMAN  ANATOMY.     With  notes  and  additions  by 
M.  D  ,  Priif.  of  Anotomy  in  the  University  of  PennFylTan 
large 8vo.  vols,  oraboui  I3D0  pagea,  with  0I 1  illustmtionf,  extract  M 

SIMPSON  (flIE  JAMES  Y.)  CLINICAL  LECTURES  ON  THE  DIl 
EASES  OF  WOMEN.     {A  new  edition  preparing,) 

SIMON'S  GENERAL  PATHOLOGY.     In  one  8vo.  toL  of  1« 
extra  cloth,  $1  25. 

SKEY  (FREDERIC  C)    OPERATIVE  SURGERY,     In  one  8w. 
of  over  050  pages,  with  ftbout  100  wood-cut*,  cloth,  |3  25. 
SLADE  (D.  D)     DIPHTHERIA  ;  ITS  NATURE  AND  TRBATMBHI 
SeeonJ  edition.     In  one  neat  royal  12mo.  toL 
QMITH  tHENEY  H.)  AND  HORNER  (WILLIAM  E.) 


El0MMfl 


O 


AN  ATOMIC  Al 
ATLAS.  Illastrutire  ofthe  Ftructure  of  the  Human  Body.  In  one  l&rfl 
imperial  Hvo.  vol,,  wtlhaboDt650  beautiful  figure^  extra  cloth,  $4  M 

SMITH   (EDWARD).     CONSUMPTION;    ITS  EARLY  AND   RRMH 
DIADLE  STAGES.     In  one  Bvo.  voL  of  254  pp.,  extra  clothe  $2  % 
SOLLY    fSAMtTEL).     THE    HUMAN    BRAIN  j    ITS    STRCCTURl 
PHYSIOLOGY,  AND  DISEASES.     lo  one  neat  8vo.  voL  of  SO©  p| 
with  120  wood  cuts,  extra  cloth,  |3  50, 
OTILLE  (ALFRED).     THERAPEUTICS  AND  MATERIA    MEDIC4 
^     Third  edition,  reriiied  and  enlarged.     In  two  targe  and  handsoifl 
:        8vo.  vols.,  extra  oloth,  $10;  leather.  $12.     {Just  itsned.) 

SALTER  (H,  H)  ASTHMA  ;  ITS  PATHOLOGY,  CAUSES,  CONSi 
QUENCES,  AND  TREATMENT.  In  one  rolume  8to.,  extra  cloOi 
$2  50. 

OCHOEDLER  (FREDERICK)  AND  MEDLOCK  (HEITEY).   WONDEBJ 

■J'     OF  NATU  RE,  Au  elementary  introdaotton  to  the  Sciences  of  Pbynol 
Astronomy,    Chemistry,    Mineralogy,    Geology,    Botany,    Zool< 
and  Physiology.     Traii>«lated  from  the  G«rmaii  by  H.  Medloek. 
one  uwX  8^0,  \o\.,  m\V^  ^1%  ^XVuXt«.v\»iBa^  aitra  eloth,  13. 
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SMALL  BOOKS  OH  GREAT  SUBJECTS.  TweWe  works;  each  one  15 
oentsi  sewed,  forming  a  neat  and  eheap  series  ;  or  done  up  in  3  toIs., 
extra  cloth,  $1  60. 

STBICKLAin)  (AOmSS).  LIVES  OF  THE  QUEENS  OF  HENRY 
THE  VIIL  AND  OP  HIS  MOTHER.  In  one  crown  octavo  vol., 
extra  cloth,  $1 ;  black  cloth,  90  cents. 

MEMOIRS  OP  ELIZABETH.  SECOND  QUEEN  REGNANT  OP 

ENGLAND  AND  IRELAND.  In  one  crown  octavo  vol.,  extra  cloth, 
$140;  black  cloth,  $130. 

SCHMITZ  AND  ZUICFT'S  CLASSICAL  SERIES.    In  royal  18mo. 
CORNELII  NEPOTIS  LIBER  DE  EXCELLENTIBUS  DUCIBUS 

EXTERARUM  GENTIUM,  CUM  VITIS  CATONIS  ET  ATTICI. 

With  notes,  Ac.     Price  in  extra  cloth,  60  cents ;  half  bound,  70  cts. 
C.  I.  CiBSARIS  COMMENT ARII  DE  BELLO  GALLICO.  With  notes, 

map,  and  other  illustrations.    Price  in  extra  cloth,  60  cents ;  half 

bound,  70  cents. 
C.  C.  SALLUSTII  DE  BELLO  CATILINARIO  ET  JUGURTHINO. 

With  notes,  map,  Ac.    Price  in  extra  cloth,  60  cents ;  half  bound, 

70  cents. 
Q.  CURTII  RUPn  DE  GESTIS  ALEXANDRI  MAGNI  LIBRI  VIIL 

With  notes,  map,  Ac.    Price  in  extra  cloth,  80  cents ;  half  bound, 

90  cents. 
P.  VIRGILn  MARONIS  CARMINA  OMNIA.    Price  in  extra  doth, 

85  cents;  half  bound,  $1. 
M.  T.  CICERONIS  ORATIONES  SELECTJB  XIL    With  notes,  Ac. 

Price  in  extra  cloth,  70  cents ;  half  bound,  80  cents. 
ECLOGiB  EX  Q.  HORATII  FLACCI  POEMATIBUS.     With  notes, 

Ac.     Price  in  extra  cloth,  70  cents;  half  bound,  80  cents. 
ADVANCED    LATIN    EXERCISES,    WITH    SELECTIONS    FOR 

READING.    Revised,  with  additions.     Extra  cloth,  price  60  cents  ; 

half  bound,  70  cents. 

TANNER  (THOKASHAWKES).  A  MANUAL  OF  CLINICAL  MEDL 
CINE  AND  PHYSICAL  DIAGNOSIS.  Third  American  from  the 
second  revised  English  edition.  In  one  handsome  12mo.  vol.  (Pre- 
paring for  early  publication.) 

ON  THE  SIGNS  AND  DISEASES  OF  PREGNANCY.     First 

American  from  the  second  English  edition.  With  four  colored  plates 
and  numerous  illustrations  on  wood.  In  one  vol.  8vo.  of  about  500 
pages,  extra  cloth,  $4  25.     (Just  issued.) 

TAYLOR  (ALFRED  S.)  MEDICAL  JURISPRUDENCE.  Sixth  Amen- 
can  from  the  eighth  London  edition.  With  notes  and  references  to 
American  Decisions,  by  C.  B.  Penrose  of  the  Philadelphia  Bar.  In 
one  large  8vo.  vol.  of  776  pages,  extra  cloth,  $4  50 ;  leather,  $5  50. 
rPHOMAS  (T.  OAILLARD).  A  COMPLETE  PRACTICAL  TREATISE 
-L  ON  THE  DISEASES  OF  FEMALES.  Second  and  revised  edition. 
In  one  large  and  handsome  octavo  volume  of  about  650  pages,  with 
illustrations,  extra  cloth,  $5 ;  leather,  $6.     {Now  ready,) 

T9DD  (ROBERT  B.)  AND  BOWKAK  (W.)  PHYSIOLOGICAL  ANA- 
TOMY AND  PHYSIOLOGY  OF  MAN.  In  one  large  8vo.  vol.  of 
about  950  pages,  with  300  illustrations  on  wood,  extra  cloth,  $4  75. 

TODD  (ROBERT  BENTLEY) .  CLINICAL  LECTURES  ON  CERTAIN 
ACUTE  DISEASES.    In  one  vol.  8vo.  of  320  pp.,  extra  cloth,  $2  50. 

TOYHBEE  (JOSEPH).  THE  DISEASES  OF  THE  EAR :  Their  nature. 
Diagnosis,  and  Treatment.  Second  American  edition.  In  one 
handsome  8vo.  vol.  of  440  pp.,  with  100  illustrations,  extra  cloth,  $4. 


12 


HBXRY  C.  LKA'S  PlTBLICATIONi. 


rpSOMPSOK  (SIBHEURT),    CLINICAL  LECTURB8 

1     OF  TUK  URINARY  ORGANS.     Is  one  8to.  wt>liimm 
wiib  tlluftrfttionf ,  cxtr»  cloth,  $2  2^.     {Note  nadf.i     < 

WkLBB  (PHILIP  8)  MECHANICAL  TDBBAPKrTl 
ileal  TreatiM  on  Surgie&l  App«J«lu«,  AfvpUaiiOM,  a4 
Operfttiooi  \  «mbraeinf  Minor  Sor^erj,  BRadAfing.  Of 
Trenlmettt  of  Fr»otiir««  vid  DUloofttioiM.  In  oiio  1u| 
abont  700  pAg«S|  vrilb  642  iUa^tr&tioiia  on  wood,  «itti| 
leather,  $6  7&,     {./mjc  %»»u«d.) 

WELLS  fJ.  SOELBERO),  A  TREATISE  ON  THE  Q 
THK  KYE.  Edited  with  additioos.  In  one  Urge  I 
ortBVo  volume,  with  ft  colored  pl&te«  wid  ivveraJ  bazi<fi 
(/«  preis.) 

■nrrALSHE  (W.  H.)    practical  treatise  on  TH 

Vf  OF  THE  heart  AND  GREAT  VESSELS.     Third  i 
the  thiTil  rcvii«e>d  London  «dittoQ.     In  ono  8ro,  toL 
extni  cloth,  $3. 
TTTTHAT  TO   OBSCEVE  AT  TUB   BEDSIDE  AND  AH 
»'    IN  MEDICAL  CASES.    In  on©  royal  I2ino.  vol.eit^ 

WATSON  I  THOMAS).  LECTURES  ON  THE  PRINCJ 
PRACTICE  OP  PHYSIC,  A  new  Amencan  from  t^ 
Englbh  editioQ,  with  aildiliouf  bj  D.  FraneLf  Cond^ 
il1astratlnn«  on  wood.  In  one  Tery  large  folnme  iiBl 
OT«r  1300  p«(C««.  io  iroall  type,  extra  cloth,  $6  50^  4 
iu  lenthor,  rabed  bands,  $7  dQ.  I 

LECTUBES  ON  THE  riT-^ricPii 

h 
one  octavo  Tolume  of  550  pagof,  extra  doii^  14 

(Now  ready.)  , 

—  LECTURES  ON  THE  DISEASES  OP  INFANCY  j 
BOOD.  Fourth  American  from  the  fifth  rcru^  Bngll 
one  targe  8vo.  toI.  of  656  olesely  printed  pagea,  ertrft 
leather.  $5  50. 

AN  ENQITIEY  INTO  THE   PATHOLOGICAL  11 

OF  ULCERATION  OF  THE  OS  UTERI.     In  ona  n 


WEST  (CHABLES). 
TO  WOMEN.    Third  American  froni  the  T 


cloth,  $1  25. 

WILLIAMS  {CHARLES  J.  BO  PRINCIPLES 
n«w  American  from  the  third  rev ued  London 
vol.  of  about  600  pagoi,  extra  cIolh»  $3  50. 

WILSON  (BBASMUS).     A   SYSTEM  OF  HUM  AS 
new  and  revtaed  American  from  the  last  English  edition 
with  89T  eDgravingff  on  wood.     In  one  haodjome  8t^ 
(SOO  pngca,  i^xtrn  eloth.  $i  ;  lefttber,  $5.  j 

THE  DISSECTOR'S  MANUAL.     Third  Ameriead 

revised  London  edition.     In  one  Ltirg«  ISmo.  toI.  of  58] 
J54  tl]a«itrntioi]f>t,  PXtrA  cloth.  |2.  j 

ON  DISEASES  OF  THE  SKTN.     The  flerenth  Aj 

the  last  English  edition.     In  one  targa  Sto.  toL  of  ol^ 
extra  cloth,  $5.     ( Joirt  ready.)  J 

Alffo  A  SERIES  OF  PLATES,  iiluatratlng  **  Wilton  on  9 
Skin/'  oonsiiting  of  20  platef,   thirteen  of  which 
colored,  representing  about  one  hundred  rarieties  of  DU 

Also,  the  TEXT  AND  PLATES,  bound  in  one  rotunie,e] 
THE  STUDENT'S  BOOK  OF  CUTANEOUS  Ml 


OF  ui 

fA!^5 


one  handsome  royiil  12mo.  vol.,  extra  cloth,  $'A  50. 
WINSLOW  (FORBES).    ON  OBSCURE  DISEASES  OF] 
^^   AND  DISORDERS  OF  TUB   MIND.     In  ona  hand 


LANE  MEDICAL  UBRARV 


To  avoid  fine,  this  hook  should  be  rcmrued    on 

or  before  the  date  last  stamped  below- 


